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Rationale: Up to 15% of critically ill patients receive platelets in inten-
sive care units (ICU) (1). Both preventive and therapeutic platelet trans-
fusions (PT) are not fully supported by high levels of evidence and 
the benefits of platelet transfusion remain subject to debates in some 
settings. This study aims to describe the efficacy of PT in ICU, and its 
impact on patients’ outcomes.

Patients and methods/Materials and methods: From June 2018 to 
November 2019, we conducted a prospective multicenter observa-
tional study recruiting patients that received at least one PT in one 
of the 9 participating ICUs. Inefficacy of preventive PT was defined 
as a Corrected Count Increment (CCI, that adjusts for the transfused 
platelet dose and the body weight) < 7 at 18 to 24 h after PT. Factors 
associated with transfusion inefficacy were assessed by performing an 
univariate analysis and in a mixed effect model.
Results: Of the 310 included patients, 119 patients (38.4%) received 
curative PT while 191 patients (61.6%) were treated preventively. Of 
the 975 transfusion episodes, 765 were given in prevention of bleed-
ing because of low platelet count and 210 in treatment of active 
bleeding. PT efficacy according to the CCI was assessed in 679 preven-
tive transfusion. Inefficacy criteria were met in 297 episodes (43.7%). 
Demographic and baseline characteristics associated with preventive 
PT inefficacy in the univariate analysis were younger age (57.7  years 
[Interquartile range (IQR) 44.5–66.6] versus 62.5 [53.1–69.5]; p = 0.01); 
immunosuppression (69.9% versus 51.8%; p = 0.025) and lower hae-
moglobin (8.5  g/dL [7.4–10] versus 9.7  g/dL [7.8–11.5]; p = 0.0028). 
Among clinical features, PT inefficacy was associated with higher heart 
pulse (106 [92–120] versus 99 [86–114]; p < 0.0001) and higher tem-
perature prior to PT (37.2 [36.5–37.9] versus 37 [36.4–37.6]; p = 0.016), 
both possible surrogate of sepsis. Interestingly, ABO compatibility 
did not affect PT efficacy. The mixed effect model identified haemo-
globin (Estimate (E): 1.83 [Confidence Interval 95% (CI) 0.56–3.11]; 
p = 0.0051), heart pulse before transfusion (Estimate: −  0.17 [−  0.3 
to −  0.03]; p = 0.016), curative anticoagulation (E: 14.1 [4.36; 23.77]; 
p = 0.008), chronic kidney injury (E: 20.12 [0.86; 39.37]; p = 0.008) and 
mean age of platelet transfused (E: − 3.21 [− 5.61; − 0.81]; p = 0.009) 
being independently associated with the CCI.
Conclusion: Almost half of preventive PT in ICU do not meet efficacy 
criteria based on the CCI. Further research is warranted to investigate 
whether changes in the identified independent risk factors for PT inef-
ficacy improve patients’ outcomes.
Reference 1: Arnold DM, Crowther MA, Cook RJ, et  al. (2006) Uti-
lization of platelet transfusions in the intensive care unit: indica-
tions, transfusion triggers, and platelet count responses. Transfusion 
46:1286–1291. https:// doi. org/ 10. 1111/j. 1537- 2995. 2006. 00892.x
Compliance with ethics regulations: Yes in clinical research.
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Rationale: National and international guidelines for platelet transfu-
sion in ICU are mostly based on studies conducted in non-critically 
ill patients or on low level of evidence leading to the potential risk of 
non-conformity to those recommendations. We study the conformity 
to both, French guidelines performed by High Health Authority (HHA) 
and American guidelines by the American Association of Blood Banks 
(AABB).
Patients and methods/Materials and methods: This is a prospec-
tive multicenter observational study conducted in 9 French ICU over 
a 18-month period. Indications and conformity of platelet transfusion 
(PT) to national and international guidelines were analyzed by two 
independent investigators and by a third one in case of disagreement 
between those 2 investigators. Parameters associated with PT con-
formity and the impact of non-conformity to 28-day mortality were 
identified.
Results: Of the 975 platelet transfusion episodes given to 310 patients, 
210 (21.5%) were transfused to treat major bleeding, 407 (41.7%) to 
prevent bleeding because of low platelet count, 192 (19.8%) before 
an invasive procedure or surgery and 166 (17%) in treatments for 
minor bleeding. Among them, 80% (IC 95% 77–82) were conform to 
the French HHA guidelines, and 62% (IC 95% 59–65) to the AABB. The 
factors independently associated with non-conformity to the French 
guidelines were preventive PT in patients with low platelet count (OR 
5.28; IC 95% 3.66–7.63, p < 0.0001), and ongoing curative anticoagula-
tion (OR 2.21; IC 95% 1.30–3.77, p = 0.0034). There was no difference 
in mortality between patients receiving conform and non-conform PT.
Conclusion: Around 20% and 40% of PT were non-conform to the 
national and the international guidelines, respectively. Independent 
risk factors for non-conformity were preventive PT for low platelet 
count, and ongoing curative anticoagulation. Our results highlight the 
need for further research to better define PT indications in ICU.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Hemolytic and uremic syndrome (HUS) is a field of hetero-
geneous pathologies whose diagnostic and therapeutic management 
remain difficult. We aimed to describe clinical and biological features 
of critically ill patients admitted to intensive care unit (ICU) for HUS 
and assess the impact of common therapeutics on renal function.
Patients and methods/Materials and methods: We performed a 
6-year retrospective multicenter study from 2014 to 2019 of patients 
admitted for a proven HUS in four French ICU. HUS was defined by the 
presence of anemia with arguments in favor of a hemolytic origin and 

non-autoimmune origin, associated with thrombocytopenia, or with 
histologic evidence of thrombotic microangiopathy. Clinical features, 
biological features and therapeutics initiated during the ICU stay were 
retrospectively collected. Glomerular filtration rate (GFR) was assessed 
by the Chronic Kidney Disease Epidemiology Collaboration at day-30, 
90 and 180. We also assessed 30-day mortality. A repeated-measures 
analysis of variance was employed to assess the changes in GFR with 
the use of plasma exchange, Eculizumab and extra renal replacement 
therapy (RRT) during the ICU stay.
Results: We included 103 patients (median age 54 [32–65], males 
48 (47%)). Twenty-seven (26%) had STEC-HUS, 13 (13%) aHUS and 
59 (57%) secondary HUS. Among these patients, 71 (69%) received 
plasma exchange, 18 (18%) received eculizumab and 46 (45%) 
received renal replacement therapy (RRT) during their ICU stay. 
Ninety-two (89%) survived in ICU and 78 (86%) were alive at day 30. At 
day-180, 13 (12.6%) still required RRT. Renal function at six months was 
not significantly different between the patients who received plasma 
exchange (69 [41–91] versus 43 [23–50]  mL/mn/1.73   m2, p = 0.17), 
Eculizumab (55 [50–73] versus 69 [31–91] mL/min/1.73  m2, p = 0.57) or 
RRT (49 [31–69] versus 69 [36–91] mL/mn/1.73  m2, p = 0.40). Moreover, 
ICU and hospital lengths of stay were significantly longer for patients 
who received plasma exchange and they had a longer duration of RRT. 
Finally, multivariate analysis shows that RRT in ICU is a prognosis factor 
independently associated with RRT at day-180.
Conclusion: Plasma exchange, eculizumab and RRT were not asso-
ciated with an improvement of day-180 renal function in our mul-
ticenter study. Further studies are still needed to define the best 
therapeutic management of these patients.
Reference 1: Pène F, Vigneau C, Auburtin M, Moreau D, Zahar J-R, 
Coste J, et al. Outcome of severe adult thrombotic microangiopathies 
in the intensive care unit. Intensive Care Med. janv 2005;31(1):71-8
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The objectives of the “REO” study are to describe the epide-
miological characteristics of situations associated with eosinophilia in 
intensive care units (ICU) and to identify predictors of mortality in this 
situation.
Patients and methods/Materials and methods: Retrospective, 
national, multicenter cohort (14 centers), including adult patients 
(≥ 18  years old) who presented, from 01/01/2013 to 12/31/2018, 
eosinophilia ≥ 1000/mm3 on two samples (not necessarily consecu-
tive) performed from the day before admission to the end of the stay 
in ICU.
Results: 620 patients were included (i.e. approximately 1.2% of all 
stays over the period and participating centers): 248 (40%) with early 
eosinophilia (occurring within the first 24  h of admission, ICU-Eo1 
group) and 348 (56%) with delayed eosinophilia (> 24  h after admis-
sion, ICU-Eo2 group), 24 patients with no reported time to onset of 
eosinophilia. In the ICU-Eo1 group, eosinophilia was mostly non-idi-
opathic (with a high incidence of onco-haematological pathologies: 
26% vs. 4% in the ICU-Eo2 group, p < 0.001), most often symptomatic 
(59% vs 25% for ICU-Eo2, p < 0.001), especially with respiratory involve-
ment. Eosinophilia in patients in the ICU-Eo2 group was most often 
idiopathic or related to drug hypersensitivity (85% vs. 47% in patients 
in the ICU-Eo1 group, p < 0.001), and visceral skin involvement was at 
first plan (72% of visceral damage in ICU-Eo2 vs. 32% in the ICU-Eo1 
group). Nevertheless, in 14% of ICU-Eo2 patients, an “unexpected” 
etiology (particularly parasitic, onco-haematological) was identified, 
especially when the patient had a prior history of eosinophilic dis-
ease, was admitted for acute respiratory distress or had an eosino-
philia peak > 5000/mm3 during ICU stay. The risk factors for mortality 
at day 60 highlighted in multivariate analysis for the ICU-Eo1 group 
were age > 65  years (HR 1.78 95% CI [1.02; 3.13] p = 0.044), current 
immunosuppressant therapy at ICU admission (HR 2.32 95% CI [1.18; 
4.54] p = 0.014), SOFA score > 8 (HR 2.26 95% CI [1.17; 4.39] p = 0.015), 
admission for acute respiratory distress (HR 2.43 IC95% [1.06; 5.60] 
p = 0.037) or for shock (HR 3.08 95% CI [1.15; 8.29] p = 0.026) and 
finally that the current eosinophilia is of onco-haematological origin 
(HR 4.41 [2.47; 7.90] p < 0.001). About the ICU-Eo2 group, only the use 
of invasive ventilation during the stay was associated with poor prog-
nosis (HR 5.54 [1.32; 23.35] p = 0.019).
Conclusion: In ICU, two distinct populations of eosinophilia seem to 
be defined according to the time of onset of this one. When eosino-
philia is present on admission, the onco-haematological origin par-
ticularly affects the prognosis.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Hemophagocytic lymphohistiocytosis (HLH) related to 
hematological malignancies is a rare condition likely responsible for 
life-threatening multiple organ failure. Etoposide is often used as a 
first-line treatment in this setting but its impact on the course of HLH-
defining criteria and organ failures has not been investigated.
Patients and methods/Materials and methods: We conducted an 
8-year (2013–2020) single-center retrospective study in a medical ICU 

of a tertiary-care center, including adult patients with severe hemato-
logical malignancy-related HLH treated with etoposide.
Results: Twenty-four patients were analyzed, including 17 with lym-
phoma. Median H-score was 253.0 [226.3–287.0] and 16 patients ful-
filled at least five HLH-2004 diagnostic criteria. All patients received 
first-line etoposide treatment, combined with corticosteroids in 21 
patients, followed by combination chemotherapy in 16 patients after 
a median of 4  days [1.5–7.0]. Following etoposide initiation, body 
temperature decreased from 38.9  °C [38.0–39.5] to 37.6  °C [36.8–
39.0] within 24  h (p = 0.01) (Fig.  1) and ferritin levels decreased by 
59.8 ± 28.9% within 7  days. Lactate level decreased from 3.0  mmol/L 
[1.5–4.3] to 2.1  mmol/L [1.6–3.0] (p = 0.02) within 24  h from etopo-
side (Fig.  1). Patients exhibited early and transient deterioration in 
non-platelet SOFA score (npSOFA) that significantly increased from 5 
[1.3–10] at etoposide initiation to 9.5 [2–15] at day 1, and thereafter 
improved to npSOFA value of 7 [1–11] at day 2 (Fig. 1). In-ICU, in-hos-
pital and 1-year mortality were 45.8%, 54.2% and 66.7%, respectively.
Conclusion: Etoposide as single treatment or as part of sequential 
combination regimen was able to rapidly dampen some dynamic 
HLH-defining variables and to eventually improve organ failures.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Thrombocytopenia is a common disorder in critically ill 
patients and is known to be associated with poor prognosis. Whether 
thrombocytopenia accounts for a bystander of severity or may drive 
specific complications is unclear. With respect to the various immune 
and procoagulant functions of platelets, the aim of this study is to 
address the impact of thrombocytopenia on the development of ICU-
acquired infections, bleeding and ischemic events in high-risk patients 
with septic shock.
Patients and methods/Materials and methods: This was a single-
center retrospective study conducted in a medical ICU over a 12-year 
period (2008–2019). Patients admitted for septic shock (Sepsis-2 defi-
nition) were included if still alive in the ICU after 48 h, to retain patients 
at risk of further ICU-acquired complications. Morning platelet counts 
were collected daily. Groups of patients were defined according to 
7-day platelet count trajectories estimated using latent class mixed 
model. Outcomes were ICU mortality and ICU-acquired complications 
including infections, severe bleeding events (WHO grade 3–4) and 
thrombotic events.
Results: The cohort comprised 1024 48-h survivors. Among them, 
39% were immunocompromised, including one third with hematolog-
ical malignancies. Upon admission, 153 patients (15%) had profound 
thrombocytopenia with platelet count below 50 G/L. The in-ICU mor-
tality rate was 27% (n = 281). ICU-acquired infections, severe bleed-
ing events and thrombotic events occurred in 28%, 13% and 12% of 
patients, respectively. The latent class model identified five subgroups 
with consistent 7-day platelet count trajectories. The subgroup of 
patients with initial low and sustained thrombocytopenia (n = 224) 
was associated with high prevalence (39%) of hematologic malignan-
cies and displayed increased mortality when compared to patients 
with alternative platelet trajectories (49% vs. 13%, 21%, 30%, 24%, 
p < 0.001). In multivariate analysis, initial low and sustained throm-
bocytopenia (cause-specific hazard (CSH) = 2.96 [95% CI 2.16–4.06], 
p < 0.001) and initial normal with fast decrease in platelet count 
(CSH = 2.21 [1.19–4.12], p = 0.01) were independently associated with 
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mortality. Sustained profound thrombocytopenia was independently 
associated with increased risk of bleeding (CSH = 1.57 [1.02–2.65], 
p = 0.004). Platelet count trajectories were not significantly associ-
ated with the development of ICU-acquired infections and thrombotic 
events.
Conclusion: Patterns of thrombocytopenia are associated with out-
comes in septic shock. Sustained profound thrombocytopenia and fast 
relative thrombocytopenia were both independent determinants of 
ICU mortality. Sustained profound thrombocytopenia was associated 
with an increased risk of severe bleeding. Platelet count trajectories 
did not impact on the risk of ICU-acquired infections or thrombotic 
events.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Peak inspiratory pressure (PIP) measured in decelerating-
flow mode (PIPdc), i.e. pressure modes, is close to plateau pressure 
(Pplat) in children with pediatric acute respiratory distress  syndrome1. 
Since one third of children admitted to the PICU are less than 1 year 
old and that bronchiolitis is the leading cause of hospitalization in this 
age  group2, our aim was to evaluate the reliability of PIPdc to estimate 
Pplat in volume control (VC) in infants with severe respiratory virus 
infection (SRVI), which is characterized by increased airway resistance.
Patients and methods/Materials and methods: A retrospective 
observational study was developed including infants diagnosed as 
SRVI, mechanically ventilated, and with respiratory mechanics meas-
urements taken between 2017 and 2021. Measurements were taken 
during inspiratory and expiratory pauses after switching ventilatory 
mode from pressure control to volume control in patients without res-
piratory effort. Statistical analysis included paired t-test, Pearson cor-
relation (r) and coefficient of determination  (R2).
Results: Thirty-seven patients were included with a median age of 
3 months (2–5), a Pediatric Index of Mortality-2 of 0.2% (0.2–0.6) and a 
mean oxygen saturation index of 4.3 ± 1. Inspiratory (RIaw) and expira-
tory airway resistance (REaw) were 136 ± 43 and 168 ± 66  cmH2O/L/s, 
respectively, and static compliance: 0.75 ± 0.30  ml/kg/cmH2O. PIPdc 
was lower than PIP in VC, but still higher than measured Pplat (33 ± 3, 
36 ± 5 and 26 ± 5   cmH2O respectively, p = 0.01 between PIP and 
Pplat). PIPdc overestimates Pplat with a moderate correlation (r = 0.57, 
p < 0.001 and  R2 = 0.33, p < 0.001) and a mean difference of 7.3 ± 4 
 cmH2O (Figure).
Conclusion: A large difference between PIP and Pplat can be 
observed in infants with a significant increase in airway resistance. In 
the absence of Pplat measurement in a static condition, any estima-
tion of Pplat from PIP needs to consider the resistive component of 
respiratory system.
Reference 1: Patel B et al.: Agreement Between Peak Inspiratory Pres-
sure in Decelerating-Flow Ventilation and Plateau Pressure in Square-
Flow Ventilation in Pediatric Acute Respiratory Distress Syndrome. 
Pediatr Crit Care Med 2022.
Reference 2: Fujiogi M et al.: Trends in bronchiolitis hospitalizations in 
the United States: 2000–2016. Pediatrics 2019.
Compliance with ethics regulations: Yes in clinical research.

Difference between positive inspiratory pressure in decelerating-flow 
modes (PIPdc) and plateau pressure (Pplat) in volume control according to 
time constant, in mechanically ventilated children.
Figure Legend: Difference between positive inspiratory pressure in 
decelerating-flow modes (PIPdc) and plateau pressure (Pplat) in vol-
ume control according to time constant, in mechanically ventilated 
children. Panel A: cohort of Patel et al.1, patients with pediatric acute 
respiratory distress syndrome n = 52, median age 8.6 yo. And from our 
sample it has been shown Panel B, C and D. Panel B: patients with 
severe respiratory virus infection (SRVI) n = 9, median age 4 mo, RIaw 
50–100   cmH2O/L/s; Panel C: patients with SRVI n = 13, median age 
3 mo, RIaw 100–150   cmH2O/L/s; Panel D: patients with SRVI n = 15, 
median age 3 mo, RIaw 150–200  cmH2O/L/s. RIaw: inspiratory airway 
resistance; REaw: expiratory airway resistance.
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Predictive factors of high flow nasal canula (HFNC) short term 
failure in severe acute bronchiolitis
ZINI  Justine1, VAUGIER  Isabelle1, BERGOUNIOUX  Jean1

1CHU Raymond Poincaré, Garches, France 
Correspondence: Justine ZINI (justine.zini@gmail.com)
Annals of Intensive Care 2022, 12(1):CO-08

Rationale: High flow oxygen nasal cannula therapy (HFNC) is a non-
invasive respiratory support increasingly used to treat bronchiolitis 
induced respiratory failure. HFNC utilisation spread in pediatric emer-
gencies department because of its affordable material and ease of 
use. However, regular monitoring and clinical assessment of the HFNC 
treated child by emergency physicians and nurses is needed. Its use 
has been shown to avoid transfers to intensive care that is a limited 
resource in epidemic period. However, at the early time of its imple-
mentation, it is difficult and yet critical for the security of the patient 
to predict its efficiency in treating the bronchiolitis induced respiratory 
failure.
Objective: The aim of this study was to identify factors predicting 
early failure of HFNC once it has been implemented in a pediatric 
emergency department to treat bronchiolitis induced respiratory 
failure.
Patients and methods/Materials and methods: This is a retrospec-
tive multicenter study in 4 Ile-de-France region hospitals (France), 
comparing biometric, anamnestic, clinical, biological and radiological 
patient date before and until 12 h HFNC treatment. Patients included 
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were aged 0 to 12  months, admitted to the pediatric emergency 
department and diagnosed with acute bronchiolitis with initiation of 
high-flow oxygen therapy within 12 h of arrival in the pediatric emer-
gency department.
Results: 160 patients were included with 52 HFNC failures. Abnor-
mal consciousness and apneas during the use of high-flow oxygen 
therapy were a predictor of early high-flow oxygen therapy failure 
(p = 0.0001). We showed a correlation of lower the pH, higher  PCO2 
and bicarbonate levels with early HFNC failure (p < 0.001). Simi-
larly, lack of improvement in pH (p = 0.03),  PCO2 (p = 0.017), and 
bicarbonate levels (p = 0.0005) shortly HFNC implementation are 
predictors of high-flow oxygen therapy failure. Chest X-ray atelec-
tasis was a predictive factor for failure of OHD (p = 0.003). Wheez-
ing heard before and during HFNC was associated with success 
(p = 0.01).
Conclusion: Our results showed that blood gases before and after 
HFNC implementation were a major predictive element for success or 
failure in the very first hours of HFNC treatment but that blood gases 
bicarbonate blood levels were also strongly correlated to HFNC suc-
cess. Several clinical criteria were also associated with success such as 
the presence of wheezing sound, atelectasia, hypoxemia before HFNC. 
We believe that those results may help pediatric emergency physi-
cians to anticipate HFNC success or failure in infant with acute bron-
chiolitis presenting to the pediatric emergency department.
Reference 1: The New England Journal of Medicine 2018 “A Rand-
omized Trial of High-Flow Oxygen Therapy in Infants with Bronchioli-
tis.” Donna Franklin.
Reference 2: Eur Respir J 2020 “A randomised trial of high-flow nasal 
cannula in infants with moderate bronchiolitis” Philippe Durand.
Compliance with ethics regulations: Yes in clinical research.

Table 1. Analyze data before introduction of HFNC treatment, by collect-
ing anamnestic, clinical and blood gas characteristics (pH, pCO2, bicar-
bonates), between two groups (HFNC therapy success vs HFNC therapy 
failure). HFNC: High flow nasal cannula. n and (%)
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Mechanical ventilator settings during extracorporeal membrane 
oxygenation for pediatric acute respiratory distress syndrome: 
An European observational study
RAMBAUD  Jerome1, BROMAN  Lars2, VISCONTI  Federico6, LEGER Pierre 
 Louis1, BUTR AGU EÑO LAISECA Laura 5, PILOQUER Jean  Eudes4, DINARDO 
 Matteo3

1Armand-Trousseau, Paris, France; 2Karolinska Institute, Stockholm, Suede; 
3Ospedale Pediatrico Bambino Gesù, Rome, Italie; 4Nantes universi-
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Marañón, Madrid, Espagne; 6University Hospital of Padova, Padoue, Italie 
Correspondence: Jerome RAMBAUD (jerome.rambaud@aphp.fr)
Annals of Intensive Care 2022, 12(1):CO-09

Rationale: The main objective of the study was to first describe which 
settings are used for mechanical ventilation during ECMO for pediat-
ric acute respiratory distress syndrome. The secondary objective of 
this study is to identify risk factors associated with poor prognosis or 
uncomplete recovery.
Patients and methods/Materials and methods: A retrospec-
tive observational study in five European centers. All children aged 
1  month—18  years supported by ECMO for refractory P-ARDS from 
January 2009 to December 2019 were included. Collected data were 
pre-ECMO clinical score invasive ventilation parameters before ECMO 
and at day 1, 3, 7 and 14 of assistance (positive end-expiratory pres-
sure, mean pressure, plateau pressure, driving pressure), adjunctive 
therapies during ECMO (prone positioning, steroids, tracheostomy, 
bronchoscopy and cross-sectional imaging). Finally, we gathered 
outcomes parameters (survival rate, length of ECMO and invasive 
ventilation).
Results: We included 256 patients. Median oxygenation index and 
oxygenation saturation index were 37 and 24.7, respectively. Half of 
the P-ARDS cases were viral pneumonia. Before ECMO implantation, 
prone positioning and neuromuscular blockers were used in 39% 
and 61% of the patients. Veno-venous ECMO was offered in 62%, and 
dual-lumen cannula was used in one quarter of VV ECMO cases. Pref-
erential ventilator mode during ECMO was barometric setting during 
the whole study period. Positive end-expiratory pressure (PEEP) and 
mean airway pressure were significantly different between centers. 
Prone positioning (16%), recruitment maneuvers (2%), cross sectional 
imaging (8%), and tracheostomy (3%) during ECMO remained limited. 
Higher PEEP and higher mean airway pressure during the whole study 
period were associated with higher mortality.
Conclusion: Ventilatory setting during ECMO for acute respiratory dis-
tress syndrome are highly dependent on center. Associations between 
high PEEP and mean airway pressure with lower survival rate raise the 
question to define the best way to manage patients under ECMO for 
ARDS.
Compliance with ethics regulations: Yes in clinical research.

CO‑10 
Pediatric microcirculation monitoring during ECMO weaning
SUC  Violette1, RAMBAUD  Jerome1, STARCK  Julie1, LEGER Pierre-Louis1

1Hôpital Armand Trousseau, Paris, France 
Correspondence: Violette SUC (violette.suc@gmail.com)
Annals of Intensive Care 2022, 12(1):CO-10

Rationale: ECMO is an extracorporeal respiratory and circulatory sup-
port used in children for severe respiratory failure or refractory shock 
states. The usual monitoring of patient under ECMO makes it possible 
to understand the macrocirculatory system. Perfusion and tissue oxy-
genation are represented by microcirculation. It has been shown to 
be a powerful prognostic factor for survival in children in septic shock 
(reference 1). The duration of ECMO depends on the remission of the 
organs. Early and successful weaning from ECMO reduces morbidity 
and mortality of the technique. The aim of the study was to determine 
the relevance of the sublingual microcirculation to predict the risk of 
“difficult weaning” of ECMO in children, expressed by the occurrence 
of severe hemodynamic failure during the clamping of ECMO.
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Patients and methods/Materials and methods: A single-center 
prospective study on patients hospitalized in pediatric intensive care 
at Trousseau Hospital between March 2017 and December 2020. A 
video analysis in sidestream dark field was performed for all patients 
at the weaning time as well as an echocardiography and a blood gas. 
Patients were classified into two groups: “easy weaning” or “difficult 
weaning” depending on the outcome after ECMO clamping. Difficult 
weaning group was defined as patients with hemodynamic failure 
and need of restart ECMO within 24 h of the weaning, or patients who 
presented one of the following criteria: hemodynamic failure requir-
ing introduction or increase of vasopressorss, cardiac dysfunction 
requiring introduction or increase of inotropic drugs, pulmonary arte-
rial hypertension requiring vasodilator treatment, ventilation increase 
(Pmax > 28–30   cmH20), refractory hypoxemia  (SpO2 < 94% with 
 FiO2 > 75%) or hypercapnic acidosis (pH < 7.30).
Results: 30 patients were included in the study (13 newborns, median 
age at admission 29 days [1–770]) including 18 (60%) in veino-arterial 
ECMO. 19 patients were classified in the “easy weaning” group and 11 
in the “difficult weaning” group. The small vessel Microvascular Flow 
Index at weaning was high in both groups (median 2.3 [1.8-2.4] vs 
2.3 [2.3-2.6], p = 0.24) without a significant difference (Table 1). There 
were no differences in macro-circulatory indices, nor by ECMO type or 
age. The microcirculation parameters were not a predictive factor of 
mortality.
Conclusion: Our study is the first pediatric study to present microcir-
culation data at the ECMO weaning time. The microcirculation param-
eters at the weaning time in ECMO don’t seem to be predictive of 
success or failure of weaning. Post-clamping analysis may be relevant.
Reference 1: Top APC, Ince C, de Meij N, van Dijk M, Tibboel D. Per-
sistent low microcirculatory vessel density in nonsurvivors of sepsis in 
pediatric intensive care. Crit Care Med. 2011.
Compliance with ethics regulations: Yes in clinical research

Microcirculatory parameters after one hour of weaning test
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Beta‑lactam exposure of children on ECMO: are conventional 
dosing appropriate?
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 Sylvain3, TRELUYER Jean-Marc4, LORROT  Mathie2, GRIMAUD  Marion3, 
TOUBIANA  Julie3, BERANGER  Agathe3, OUALHA  Mehdi3
1APHP, Paris, France; 2Hopital Trousseau, APHP, Paris, France; 3Hopital 
Necker, APHP, Paris, France; 4Hopital Cochin, APHP, Paris, France 
Correspondence: Alice MARSAUX (alice.marsaux@gmail.com)
Annals of Intensive Care 2022, 12(1):CO-11

Rationale: Children under Extracorporeal Membrane Oxygenation 
(ECMO) are at high risk of complications, particularly infectious ones, 
which may worsen their prognosis. However, recommendations for 
the use of antibiotics, particularly beta-lactams dosing which are fre-
quently administered, are extrapolated from adult data and are not 

adapted to the pharmacokinetic and pharmacodynamic (PK/PD) 
changes observed in children on ECMO. Therefore, there is a risk of 
inadequate exposure using the standard dosing. The objective of this 
study is to describe, for children undergoing ECMO, the exposure to 
beta-lactams at currently used dosing; and to identify factors associ-
ated with inadequate exposure.
Patients and methods/Materials and methods: This was an observa-
tional, retrospective, bicentric study conducted in 2 pediatric intensive 
care units, on 57 children undergoing veno-arterial or veno-venous 
ECMO. Plasma concentrations of beta-lactams used were measured 
and interpreted according to EUCAST, then to the minimum inhibitory 
concentration (MIC) found and according to the following PK/PD tar-
gets: serum concentration 4 times above the MIC throughout the dos-
ing interval (100% fT > 4 × MIC).
Results: We included 57 patients (21 (36.8%) died during our study), 
who received 11 types of beta-lactams (including 30 patients receiving 
piperacillin/ tazobactam) resulting in 226 concentrations analyzed. A 
total of 32 infections were documented. Based on the PK/PD target of 
100% fT > 4 × MIC, for the highest MICs, 58.8% of concentrations were 
insufficient, mainly in young children (p = 0.035) with a low body-
weight (p = 0.013), or in case of hypoalbuminemia (p = 0.011), reflect-
ing the increase in volume of distribution, and also in case of increased 
renal clearance (p 0.032). The risk of supra-therapeutic concentrations 
was 10.5% and was mainly associated with poor elimination (presence 
of renal impairment (p < 0.01)).
Conclusion: There is a non-negligible risk of under-exposure in chil-
dren receiving conventional dosing of beta-lactam and ECMO support 
(mainly related to renal function and volume of distribution varia-
tions). Therapeutic drug monitoring combined with the application of 
specific PK/PD models would reduce this risk and ultimately improve 
the prognosis of these patients.
Compliance with ethics regulations: Yes in clinical research

Association between clinical variables and the result of concentrations for 
all dosages and Piperacillin/Tazobactam (for an exposure assumption of 
serum concentration 4 times above the MIC throughout the dosing inter-
val (100% fT > 4 × MIC)

CO‑12 
Anti‑infective prescription practices in children undergoing renal 
replacement therapy: a multicenter survey
THY  Michael1,3, NAUDIN Jérôme4, GENUINI  Mathieu4, LETEURTRE 
Stéphane5, OUALHA  Mehdi2,3

1Assistance Publique-Hôpitaux de Paris, Infectious and tropical diseases 
department, Bichat University Hospital, Université de Paris, Paris, France; 
2Assistance Publique-Hôpitaux de Paris, Paediatric Intensive Care Unit, 
Necker-Enfants Malades University Hospital, Université de Paris, Paris, 
France; 3EA 7323 - Pharmacology and Therapeutic Evaluation in Chil-
dren and Pregnant Women, Université de Paris, France; 4Assistance 
Publique-Hôpitaux de Paris, Paediatric Intensive Care Unit, Robert-Debré 
University Hospital, Université de Paris, Paris, France; 5Pediatric Intensive 
Care Unit, CHU Lille, Lille, France 
Correspondence: Michael THY (michael245thy@gmail.com)
Annals of Intensive Care 2022, 12(1):CO-12

Rationale: The need of renal replacement therapy (RRT) in sep-
tic children may occur and add variability leading to unpredictable 
anti-infective concentrations with risks of treatment failure, toxic-
ity and emergence of multidrug resistant bacteria. We aim to better 
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understand anti-infective prescription practices in children undergo-
ing RRT.
Patients and methods/Materials and methods: An online sur-
vey was sent via email to physicians working in pediatric intensive 
care units (PICU) from the Groupe Francophone de Réanimation et 
d’Urgences Pédiatiques (GFRUP). The survey form assessed the char-
acteristics of the PICU, practices of RRT, anti-infective prescription and 
therapeutic drug monitoring. We excluded plasma exchanges and 
adsorption techniques from the survey. When several respondents 
from the same center answered, we selected the most complete form.
Results: From 10/04/2021 to 10/05/2021, 47 physicians answered 
the survey corresponding to 26 different centers including 21 French 
centers, corresponding to 88% of response rate for French PICU > 4 
beds. The median [IQR] number of ICU beds was 12 [8-16] and inter-
mediate care beds was 5 [2-8]. Every PICU used continuous RRT with 
mainly  Prismaflex® machine. Adaptation of anti-infective prescriptions 
to the presence of RRT were declared in 23 (89%) PICU according to 
the molecular weight in 6 (26%), to the molecule protein binding in 
6 (26%), to the lipo/hydrophilic nature of the molecule in 4 (17%), to 
the elimination routes in 15 (65%). The anti-infective were adapted to 
the residual diuresis in 9 (41%) PICU, to the RRT flow in 6 (26%) and to 
the type of RRT used in 15 (65%). Most of the PICU declared no avail-
able guidelines (n = 20, 80%) but used  VIDAL® in 12 (46%) or GPR© in 4 
(15%). We noticed great variability even between the physicians from 
the same department. Adaptation of the anti-infective doses from 
the respondents are displayed on Fig.  1. Most of the centers (n = 20, 
77%) used therapeutic drug monitoring under RRT and was systemati-
cally done for betalactams in 18 (69%) PICU, for aminoglycosides in 22 
(92%), for glycopeptides in 21 (84%), for linezolid in 13 (54%), for anti-
virals in 16 (64%), for azoles 15 (60%), for candins in 12 (48%). Obsta-
cles for monitoring were mainly (n = 11, 42%) the delay for the results 
and the absence of on-site laboratory (n = 8, 31%). Anti-infective stew-
ardship was available with a specialist (pharmacologist or infectiolo-
gist) in 11 (42%) PICU.
Conclusion: Our survey reported great variability of anti-infective pre-
scription practices in children undergoing RRT pointing out the need 
for specific guidelines.
Compliance with ethics regulations: Yes in clinical research.

Figure 1: Adaptation of anti-infective doses in children under RRT 
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with acute respiratory failure. A randomised controlled trial
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Rationale: Whereas noninvasive ventilation is recommended for immu-
nocompromised patients with acute respiratory failure in the intensive 
care unit (ICU), it may have deleterious effects in most severe patients. 
High-flow nasal oxygen alone may be an alternative to reduce mortal-
ity. We aimed to determine whether high-flow nasal oxygen alone could 
reduce the rate of mortality at day 28 compared to its alternation with 
noninvasive ventilation in this setting.
Patients and methods/Materials and methods: The FLORALI-IM is a 
multicenter, open-label randomised clinical trial was conducted in 30 
ICUs (29 in France and one in Italy). Adult immunocompromised patients 
with acute respiratory failure defined as respiratory rate ≥ 25/min and a 
partial pressure of oxygen to inspired fraction of oxygen ≤ 300  mmHg 
were randomly assigned to high-flow nasal oxygen alone (n = 154) 
or noninvasive ventilation alternating with high-flow nasal oxygen 
(n = 145). The primary outcome was mortality at day 28. The trial is regis-
tered with ClinicalTrials.gov, number NCT02978300.
Results: Between January 2017 to March 2019, 299 patients were 
included in the intention-to-treat analysis. Mortality rate at day 28 was 
36% (56/154) with high-flow nasal oxygen alone and 35% (51/145) with 
noninvasive ventilation alternating with high-flow nasal oxygen (abso-
lute difference, 1·2% [95% CI, − 9·6 to 11·9%], p = 0·83). Intubation rate 
at day 28 was 51% (78/154) with high-flow nasal oxygen alone and 46% 
(67/145) with noninvasive ventilation alternating with high-flow nasal 
oxygen (difference, 4·4% [95% CI, − 6·8 to 15·5%], p = 0·44). None of the 
other prespecified secondary outcomes were different between groups 
except for greater decreased discomfort after initiation of high-flow nasal 
oxygen than with noninvasive ventilation (−  4  mm on visual analogic 
scale [95 %CI, − 18 to 4] vs. 0 mm [95% CI, − 16 to 17], p = 0·04).
Conclusion: In critically ill immunocompromised patients with acute res-
piratory failure, the mortality rate did not differ between high-flow nasal 
oxygen alone and noninvasive ventilation alternating with high-flow 
nasal oxygen.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: COVID-19 is a viral pneumonia which may deteriorate into 
acute respiratory distress syndrome (ARDS). Analysis of the pathologi-
cal features in the lung tissues of patients who have died from COVID-
19-ARDS might help to understand the disease pathogenesis.
Patients and methods/Materials and methods: We conducted 
a multicenter study which involved 26 French ICUs. All Covid-19 
patients who died from COVID-19-ARDS between February 1st 2020 
and April 30th 2021 were eligible. The lung biopsies were performed 
by the intensivists immediately after the death following anatomical 
landmarks.
Results: Overall, 171 patients were included in the study. We report 
the results of the first 90 patients analyzed. Age was 70 [65–76] 
years-old, 62 (69%) patients were men, and 18 (20%) patients had a 
pre-existing pulmonary disease. Time from the onset of mechanical 
ventilation (MV) to death was 18 [10–31] days. The durations of moder-
ate and severe ARDS were 6 [2–12] and 8 [3–15] days, respectively. The 
main causes of death were refractory shock and hypoxemia (42.2%), 
refractory hypoxemia (31.1%), and refractory shock (8.9%). Of the 90 
biopsies performed, 85 (94%) had lung tissue available for pathologi-
cal analysis. The most common primary lesions of the alveoli were: 
type-2 pneumocyte hyperplasia (84.7%), fibrin deposition (62.3%), 
plugs of fibroblastic tissue (36.4%), hyaline membranes (29.4%), fibrin 
balls (15.3%). The primary lesions identified in the septa were: pro-
liferation of fibroblastic tissue (82.4%), lymphocytic infiltrate (20%), 
oedema (15.3%), and collagen deposition (8.2%). Microthrombi were 
identified in 7% of biopsies. Final pathological diagnosei were: late 
phase of proliferative diffuse alveolar damage (DAD) (38.8%), early 
phase of proliferative DAD (34.1%), unclassified interstitial pneumonia 
(29.4%), acute fibrinous and organizing pneumonia (AFOP) (12.9%), 
acute exsudative DAD (11.8%), and organizing pneumonia (OP) (7.1%). 
Early deaths (before day-10 of MV) were characterized by a high rate 
of acute exsudative DAD and early phase of proliferative DAD and the 
absence of collagen deposition. In contrast, late phase of proliferative 
DAD was the most common lesion encountered in late deaths (after 
day-30 of MV) with extensive proliferation of fibroblastic tissue. AFOP 
and OP were diagnosed in patients who died before day-30 of MV.
Conclusion: The predominant pattern of lung lesions in patients who 
died from Covid-19-ARDS is DAD. Fibroblastic tissue proliferation, 
AFOP, and OP were commonly reported while collagen fibrosis was 
rare. Our results support further evaluation of steroids in non-resolv-
ing ARDS Covid-19 given the significant proportion of potential ster-
oid-sensitive patterns.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Pregnancy is a risk factor of developing a severe form of 
SARS-CoV-2 infection. So far, the management and outcomes of preg-
nant women with severe SARS-CoV-2 infection requiring intensive 
care unit (ICU) admission remain to be investigated.
Patients and methods/Materials and methods: This multicentric, 
retrospective and observational study was conducted in 31 ICUs in 
France, Belgium and Switzerland between March 2020 and Decem-
ber 2021. All patients admitted in ICU for severe pneumonia related 
to SARS-CoV-2 infection during pregnancy or just after fetal extraction 
were included. Maternal ventilatory and obstetrical management in 
ICU as well as maternal and fetal outcomes were collected and ana-
lyzed. Risk factors of intubation were also assessed.
Results: Overall, 165 patients were included with a median age of 34 
[30–37] years old and a median gestation length of 29 [26–33] amen-
orrhea weeks. Among them, 61 (37%) had obesity, 10 (6%) had diabe-
tes mellitus and 53 (32%) had pregnancy-related complications. The 
median time between the onset of symptoms and ICU admission was 
8 [6–10] days. Corticosteroids and Tocilizumab were administered in 
141 (85%) and 23 (14%) patients respectively, CT-Scan was performed 
in 120 (73%) patients and pulmonary embolism was found in 8 (5%) 
patients. Regarding ventilatory management, 107 (65%) patients were 
treated with high-flow nasal cannula oxygenation therapy, 40 (20%) 
with non-invasive ventilation, 74 (45%) required to be intubated, 20% 
of them prior to ICU admission, and 12 (7%) required veno-venous 
extracorporeal membrane oxygenation. Awake prone positioning 
was performed in 7 (4%) patients prior to any fetal extraction and in 
2 (1%) after fetal extraction. In multivariate analysis, obesity (OR = 3.22 
[1.11–9.88], p = 0.03), term (OR = 1.14 [1.05–1.27], p = 0.005), extent 
of CT-Scan abnormalities > 50% (OR = 3.37 [1.17–10.13], p = 0.03) and 
non-invasive ventilation use (OR = 3.70 [1.20–12.24], p = 0.03) were 
associated with intubation. Fetal extraction was performed prior to 
ICU admission in 19 (12%) patients and was required during ICU stay 
in 58 (35%) patients, always by cesarean section: 45 (78%) for mater-
nal respiratory worsening and 7 (12%) for fetal suffering. The maternal 
ICU mortality rate was 1%. Main maternal complications were infec-
tion, thrombosis and hemorrhage (18%, 7%, 7%, respectively). The 
fetal mortality rate was 5% with 7 (4%) stillborns, 69 (40%) prematures 
including 55 (32%) requiring ICU admission and 103 (60%) born at 
term.
Conclusion: Despite low maternal and fetal mortality rates, half of 
pregnant women admitted in ICU for severe pneumonia related to 
SARS-CoV-2 infection required to be intubated and required fetal 
extraction. Risk factors of intubation were obesity, term, extent of 
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CT-Scan abnormalities > 50% and non-invasive ventilation use. Inclu-
sions are still in progress.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Since March 2020, healthcare systems were importantly 
affected by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) outbreak, with some patients presenting severe Acute Respira-
tory Distress Syndrome (ARDS), requiring extracorporeal membrane 
oxygenation (ECMO).
Patients and methods/Materials and methods: We designed an 
ambispective observational cohort study including all consecutive 
adult patients admitted to 5 different ICUs from a university hospital. 
The main objective was to identify the risk factors of severe COVID-19 
ARDS patients supported by ECMO associated with 90-day survival.
Results: Between March 1st and November 30th 2020, 76 patients 
with severe COVID-19 ARDS were supported by ECMO. Median (inter-
quartile range IQR) duration of mechanical ventilation (MV) prior to 
ECMO was of 6 (3–10) days. At ECMO initiation, patients had a median 
 PaO2/FiO2 ratio of 71 mmHg (IQR 62–81), median  PaCO2 of 58 mmHg 
(IQR 51–66) and a median arterial pH of 7.33 (IQR 7.25–7.38). Forty-five 
patients (59%) were weaned from ECMO. Twenty-eight day, 60-day 
and 90-day survival rates were respectively 92, 62 and 51%. Factors 
associated with 90-day survival in univariate analysis were younger 
age, higher BMI and lower Charlson score. Of note, time from ICU 
admission to intubation (2 days (0–5) in survivors versus 4 days (1–7) in 
non survivors, p = 0.02) and time to ECMO cannulation (9 days (4–11) 
in survivors versus 11 (8–14) in non survivors, p = 0.02) were shorter 
in 90-day survivors. In multivariate logistic regression analysis, with 2 
models, one with the RESP score and one with the PRESERVE score, 
we found that higher BMI was associated with higher 90-day survival 
(Odds ratio (OR): 0.669 (0.506–0.886), p = 0.005) and 0.757 (0.632–
0.907) respectively). Younger age was also associated with 90-day sur-
vival in one model (OR: 1.14 (1.007–1.292), p = 0.039). Kaplan–Meier 
cumulated survival curves according to the presence of obesity were 
significantly different (Fig.  1, p = 0.006), the survival was also differ-
ent when comparing the different obesity grades (p = 0.003). Obese 
patients were ventilated with higher PEEP than non-obese patients 
(14 (10–15) vs. 10 (8–12) cm  H2O; p < 0.001) with comparable Pplat, (29 
(25–31) vs. 28 (25–30) cm  H2O, respectively (p = 0.923)). There was a 
trend to higher compliance of respiratory system in obese patients as 
compared with non-obese patients, respectively 26.2 (21–39.1) and 23 
(15.5–27.3) mL/cm  H2O (p = 0.07).
Conclusion: In this ambispective observational cohort of COVID-19 
severe ARDS supported by ECMO, obesity was an independent factor 
associated with improved survival at 90-day.
Compliance with ethics regulations: Yes in clinical research.

Kaplan–Meier cumulated survival curves at day 90 since ICU admission 
in obese (red curve) and non-obese patients (blue curve). Obesity was 
defined as a BMI > 30 kg/m2.
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Rationale: The natural history of COPD is punctuated of acute exac-
erbations of COPD (AECOPDs) leading to hospitalization in intensive 
care units (ICU) for the most severe cases. The daily practice of corti-
costeroids/antibiotics prescriptions and the respective proportions of 
invasive and non-invasive ventilation (NIV) have evolved over time in 
the ICU. These contextual changes might have implications regarding 
AECOPDs management and ICU outcomes such as length of stay, intu-
bation rates and mortality. The aim of the current study was to assess 



Page 10 of 167Annals of Intensive Care  2022, 12(Suppl 1):54

over 22 years the evolution of AECOPDs changes in the management 
practices and the impact on main outcomes including length of stay 
and mortality in ICU and in post-ICU stay.
Patients and methods/Materials and methods: 1,816 patients 
admitted for AECOPDs were included prospectively between 1997 and 
2018 in the Outcomerea French database from 32 ICUs. Evaluation of 
time trends were performed with analysis of the evolution of these 
variables over time out using a mixed model. Time series analyses 
were performed to assess the relationship between mortality in ICU 
and use of corticosteroids, antibiotics and invasive mechanical ventila-
tion, using a dynamic regression model.
Results: We observed limited changes in anthropometrics of AECOPD 
patients admitted to ICUs except a slight increase in body mass index 
(+ 0.32%/year, p = .01) and severity was greater at ICU admission 
(+ 0.6% of SAPS II score/year, p < .01). There was overtime a significant 
reduction in the prescription of corticosteroids (−  4.7%/year, p < .01) 
and antibiotics (−  5.8%/year, p < .01), without these changes being 
correlated with the evolution of mortality in ICU in a time series analy-
sis. The proportion of patients treated with invasive mechanical ven-
tilation (IMV) also gradually declined (−  3.7%/year, p = .01) with this 
time a significant correlation between variations of use of IMV and var-
iations of deaths in ICU in the time series analysis (p < .01). Rate of NIV 
failures decreased over time (− 6.2%/year, p < .01) with a diffusion of 
NIV for facilitating IMV weaning (+ 8.1%/year, p < .01). There was a sig-
nificant shortening of length of stay in ICU (− 3.2%/year, p < .01) and 
total duration of hospital stays (− 2.6%/year, p < .01). We observed an 
improvement of the prognosis (− 4.1%/year of deaths in ICU, p = 0.03; 
− 4.2%/year of deaths in hospital post-ICU stay, p = 0.02 and − 4.98%/
year of 90-day mortality, p = 0.02).
Conclusion: Lengths of stay decreased with a better prognosis of 
AECOPD in ICU. The management of ventilatory support has improved. 
And if prescriptions for corticosteroids and antibiotics have been 
reduced, prescription strategies for these therapeutics in ICU have to 
be precised.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: In order to analyze hospital burden and long-term out-
comes of prolonged and difficult to wean patients we performed a 
follow-up of patients included in the WIND study.
Patients and methods/Materials and methods: Among the 2709 
patients included in the WIND study (ref 1), 508 were classified either 
in group 2 (difficult weaning, n = 273) or 3 (prolonged weaning, 
n = 235), of whom 459 were included in France. The 339 patients of 
French centers alive at the end of the princeps study constituted the 
eligible population of our study. Each center investigator collected 
vital status, intercurrent hospitalization, life at home, need for oxygen 
therapy or home ventilation up to 8 years after the study participation.
Results: Data were obtained for 284 patients: 94 (33%) females, mean 
(standard deviation) age of 64 (14). The mean (SD) SAPS-II score at ICU 
admission was 50 (17) and 164 (58%) belonged to WIND group 2. We 
observed mortality rates of 27% at one year, 50% at 5 years and 60% at 
8 years. Between 1 and 8 years, the standardized mortality ratio (SMR) 
compared to the general French population of the same age, sex and 
period distribution was estimated at 3.20 (95% CI 2.69 to 3.65). Overall 
mortality was higher for group 3 patients than group 2 patients (66% 
vs 55%, p = 0.06, Fig. 1). At 1, 5 and 8 years, respectively 88%, 89% and 
90% of alive patients had no oxygen or ventilation support and 89%, 
93% and 92% lived at home. The estimated cumulative risks of having 

at least one rehospitalization among survivors at 1, 5 and 8 years were 
respectively 51%, 71% and 76%.
Conclusion: Although the risk of death and readmission is high, espe-
cially in the first year following discharge, survivors at 8 years mostly 
live at home without oxygen or home ventilation.
Reference 1: AJRCCM Vol195, 772–783.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Despite antiviral therapy (ARV), HIV infection is still respon-
sible for 800,000 deaths per year. In parallel with the good virological 
control and the aging of this population, multiple comorbidities (HIV 
associated non-AIDS (HANA) conditions) have developed in this popu-
lation. The objectives of the “VIHREA” study were to describe the phe-
notypic evolution of HIV patients admitted to intensive care unit (ICU) 
from 1997 to 2020 and then to identify risk factors for day-60 (D60) 
death.
Patients and methods/Materials and methods: Prospective, multi-
center cohort (23 centers, OutcomeRea™), including HIV adult patients 
(≥ 18  years old) hospitalized in ICU from 01/01/1997 to 12/31/2020, 
with trend analysis through 3 periods dichotomized according to the 
integrase inhibitors appearance (2007) and WHO recommendation for 
systematic treatment of all HIV patients (2016). A survival model was 
used to study prognostic factors at D60.
Results: Of the 24,298 stays registered, 630 (2.6%) concerned first stays 
for a HIV patient. Throughout the 3 periods, the mean age increased 
(51.6 years in period 3 versus 44.2 years in period 1, p < 0.001), as did 
the level of comorbidity of the patients (diabetes, renal and respiratory 
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history, solid neoplasia). The proportion of HIV discovered on ICU 
admission decreased significantly (9.8% versus 28.4%, p < 0.001) while 
the median duration of HIV disease (18  years versus 5  years, 
p < 0.001) as well as the percentage of patients admitted on ARV 
(72% versus 47.6%, p < 0.001) increased. The main reasons for admis-
sion distribution remained stable over time (acute respiratory dis-
tress > shock > coma). Moreover, while we observed a significant drop 
in the rate of active opportunistic infections on admission (24% ver-
sus 36.2%, p = 0.007), pneumocystosis (9.2%) and tuberculosis (6.9%) 
being the most frequent, the rate of active hemopathy classifying AIDS 
increased non-significantly (p = 0.154) but was associated with a sig-
nificant increase in the administration of chemotherapy in ICU (12.7% 
versus 1.4%, p < 0.001), non-Hodgkin’s lymphoma being the major-
ity (14.3%). Admissions for HANA (11.2%) or non-HIV (50.4%) reasons 
were stable over time, as were SOFA score on admission (p = 0.668), 
and the proportions of mechanically ventilated (49.4% versus 48.4%, 
p = 0.707) and dialysed patients (20.2% versus 14.9%, p = 0.128). In 
multivariate analysis, predictors of D60 mortality were advanced age, 
chronic liver disease, prior chemotherapy, SOFA score > 4 at admission, 
hospitalization time before admission to intensive care > 24  h, AIDS 
status, but not the period of admission.
Conclusion: The phenotype of HIV patients admitted to intensive care 
has evolved over time (HIV better controlled but more comorbidity 
associated). Mortality risk factors remain stable over time, including 
AIDS status.
Compliance with ethics regulations: Yes in clinical research.

Predictors of death at D60 after ICU admission in the VIHREA cohort (Cox 
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Rationale: Necrotizing soft tissue infections (NSTIs) are rare life-threat-
ening bacterial infections characterized by an extensive necrosis of 
skin and subcutaneous tissues. Immunocompromised patients have 
an increased risk of dying. Among them, neutropenic patients could 
have a particularly high risk of poor outcome but data are scarce. 
Our objectives are to describe the characteristics and the mortality 
of neutropenic patients with NSTI requiring intensive care unit (ICU) 
admission.
Patients and methods/Materials and methods: We conducted a 
retrospective multicenter cohort study in 18 French ICUs. Patients 
admitted in participating ICUs between 2011 and 2021 with either 
surgically confirmed NSTI or clinically suspected diagnosis of NSTI and 
neutropenia < 1.5 G/L at diagnosis were included. Characteristics and 
hospital mortality of patients with neutropenic NSTI were compared 
to a historical cohort of ICU patients with non-neutropenic NSTI. The 
factors associated with hospital mortality were identified using Cox 
regression.
Results: 83 neutropenic patients were included and compared to 129 
historical non-neutropenic patients. Neutropenia was related to hae-
matological malignancy in 64 (77.1%) patients and to solid cancer in 
10 (12%) patients. Median time from neutropenia onset to NSTI was 
4 [1-14] days. Other patients’ characteristics are described in Table  1. 
As compared to non-neutropenic patients, neutropenic patients were 
younger (65 [56–75] vs 58 [46.5–64] years, p < 0.001), had less frequent 
lower limb (70.3% vs 42.2%, p < 0.01) and more abdomino-perineal 
NSTIs (25% vs 42.2%, p = 0.014). Neutropenic patients presented more 
frequent bacteraemia (58.5% vs 26.4%, p < 0.001). The most frequent 
bacteria isolated in neutropenic patients were Enterobacteriaceae 
(42.2%) and Pseudomonas aeruginosa (30.1%). In contrast, non-neutro-
penic patients were more frequently infected by Streptococcus species 
than neutropenic patients (68.2% (n = 88) vs 2.4% (n = 2), p < 0.001). 
Time from NSTI diagnosis to first surgery was shorter in non-neutro-
penic patients than in others (0 [0–0] days vs 1 [1–2] days, p < 0.001). 
28-day and in-hospital mortality rates were significantly higher in neu-
tropenic than in non-neutropenic patients (48.2% vs 25.6%, p = 0.001, 
and 54.2% vs 35.7%, p = 0.012). In multivariate analysis, factors asso-
ciated with hospital mortality for neutropenic patients were age 
(adjusted Hazard Ratio (aHR) = 1.04 (1.02–1.06), p = 0.001) and SOFA 
score (aHR = 1.16 (1.08–1.25, p < 0.001), while treatment with G-CSF 
(aHR = 0.34 (0.17–0.66), p = 0.002) was protective.
Conclusion: NSTI in neutropenic patients presented different char-
acteristics and higher mortality than in non-neutropenic patients 
requiring ICU. Treatment with G-CSF could be associated with better 
outcomes, although this finding should be interpreted with caution 
due to the presence of potential unadjusted confounding factors.
Reference 1: Urbina, T. et al. Early identification of patients at high risk 
of group A streptococcus-associated necrotizing skin and soft tissue 
infections: a retrospective cohort study. Crit Care 23, 417 (2019).
Compliance with ethics regulations: Yes in clinical research
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Characteristics and ICU outcomes of neutropenic and non-neutropenic 
patients
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Rationale: The benefit-risk balance and/or optimal timing of sur-
gery for infective endocarditis (IE) with neurological events (ischemic 
or haemorrhagic stroke) remain debated, especially in critically ill 
patients. Our hypothesis is that these patients should still benefit from 
surgery. The main objective of this study was to compare their neuro-
logical functional outcome whether they received surgery or not.
Patients and methods/Materials and methods: We conducted a 
retrospective (2010–2017), French multi-center study of critically ill 
patients with acute IE. They were included if they met the following 
criteria: (i) left-sided IE according to the modified Duke criteria, (ii) with 
cerebral complications documented by cerebral imaging before car-
diac surgery and (iii) with Sequential Organ Failure Assessment score 
(SOFA) ≥ 3; one of these justifying admission to ICU. Exclusion criteria 
were isolated right endocarditis, in-hospital acquired endocarditis 
and patients who developed cerebral complications only after cardiac 
surgery. All patients were explored with brain imaging before surgery. 
The primary analysis consisted in a propensity score adjusted logistic 
regression of surgery as an independent variable of the primary out-
come, i.e. modified Rankin score (mRS) at 6 months. The 1-year mortal-
ity rate was the main secondary outcome.
Results: 192 patients were included whom 67 patients had medical 
treatment (35%) and 125 underwent cardiac surgery (65%). Delayed 
surgery according to theoretical recommended timing was decided 
in 62/125 (50%). Ischemic stroke was the most prevalent neurologi-
cal complications (74.5%) followed by hemorrhagic lesion (15.6%). In 
the propensity score-adjusted logistic regression, the odds ratio (OR) 
for favorable 6-month functional outcome was 0.08 (95% CI 0.03–0.13) 
in favor of surgery. One-year mortality was strongly reduced with sur-
gery in the fixed-effect propensity adjusted cox model (Hazard Ratio 
0.23; 95% CI 0.14–0.36; p < 0.001). These effects remained whether 
the patients received delayed surgery or not and whether they were 
deeply comatose or not (Glasgow score > 10).
Conclusion: In this study of critically ill patients with simultaneous 
infectious endocarditis, indication for surgery and cerebral events, a 
better propensity-adjusted functional outcome was associated with 
surgery compared with medical treatment, whatever the deepness of 
coma. A delayed surgery should be considered in severe acute regur-
gitations. In the absence of randomized study precluded for ethical 
concerns, an individualized strategy remains highly suggested.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Catheter-related bloodstream infection (CRBSI) requires 
urgent removal of the central venous catheter (CVC). However, the 
majority of CVCs removed because of a suspicion of CRBSI proves 
sterile. We aimed to develop and validate a score predictive of cath-
eter-tip colonization with pathogens other than Coagulase-negative 
Staphylococcus (CoNS).
Patients and methods/Materials and methods: We conducted 
a retrospective study based on databases from two multicenter 
randomized controlled trials investigating the effect of the cath-
eter insertion site on intravascular complications (training cohort). 
Catheter colonization was defined as growth of > =  103 colony-
forming units per milliliter from the catheter tip culture yielding to 
pathogens other than skin contaminants according to Brun-Buisson 
quantitative technique. Potential factors associated with catheter 
colonization were identified using a generalized linear model with 
binomial distribution to account for several CVCs per patients, in 
univariate and multivariate analyses. Internal validation of these 
risk factors was performed using bootstrap with 500 replications. 
Then, a score was computed from the adjusted Odds Ratio coef-
ficients. Finally, external validation was performed in three other 
independent RCTs investigating the effect of different prevention 
strategies on the incidence of catheter-related infections (valida-
tion cohort). Discrimination was assessed by the Area Under the 
Curve (c-index).
Results: Among 3,681 CVCs and dialysis catheters included in the 
training cohort, 357 (9.7%) were colonized with microorganisms 
other than CoNS. Age, obesity, diabetes, site of insertion (jugular and 
femoral versus sub-clavian), type of catheter (dialysis versus CVC), 
catheterization duration, fever and local inflammation at removal 
were independently associated with colonization in multivariate 
analysis. Diabetes, site of insertion, type of catheter, catheterization 
duration, fever and local inflammation at removal were robust after 
internal validation and were computed in the score. Area under the 
ROC curve for the score was 0.70, 95% CI [0.68–0.73] in the training 
cohort (Hosmer and Lemeshow goodness of fit test: p = 0.94). The 
validating cohort included 6,299 dialysis catheters and CVCs, of which 
262 (4.2%) were colonized. AUC for the score was 0.65, 95% CI [0.62-
0.69] in the validation cohort (Hosmer and Lemeshow goodness of fit 
test: p = 0.18) (see Fig. 1). Among 1340 catheters removed for suspi-
cion of CRBSI infection in the training and validating cohorts, 1168 
(87.2%) were sterile.
Conclusion: This score had a moderate ability to discriminate central 
venous catheter colonization. Further research is needed to assess 
the clinical utility of this score for managing CVCs in the ICU, in par-
ticular to help clinicians’ decision facing a catheter-related infection 
suspicion.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Extended-spectrum beta-lactamase-producing Enterobac-
teriales (ESBL-E) is a serious health threat with $1.2 billion estimated 
attributable US healthcare costs in 2017. Their dissemination has led to 
a major increase in the use of carbapenems, last-resort antibiotics. The 
objective of this study was to assess the efficacy of carbapenem-spar-
ing regimen as empiric therapy in extended-spectrum β-lactamase-
producing Enterobacteriales (ESBL-E) urinary septic shock.
Patients and methods/Materials and methods: This retrospective 
propensity-weighted multicenter observational study conducted in 11 
ICUs compared the outcomes of ESBL-E urinary septic shock patients 
treated with carbapenem or carbapenem-sparing regimen as empiric 
treatment (piperacillin–tazobactam (PTZ) + aminoglycosides or 3rd 
generation cephalosporin (3GC) + aminoglycosides). The primary out-
come was Day-30 mortality. Secondary outcomes included in-ICU and 
Day-90 mortality rates, severity of illness, septic shock resolution, ICU 
and in-hospital length of stay and Clostridium difficile infection.
Results: Among 156 patients included in the study, 69 received a 
carbapenem and 87 received non-carbapenem antibiotics as empiric 
treatment. Baseline clinical characteristics were similar between the 2 
groups. Patients who received an empiric carbapenem-sparing ther-
apy had similar Day-30 mortality (OR = 0.462 [0.173; 1.775] p = 0,143), 
illness severity, resolution of septic shock and ESBL-E infection recur-
rence rates than patients who received carbapenem. The rate of sec-
ondary infection with C. difficile was comparable.
Conclusion: In ESBL-E urinary septic shock, empiric treatment with 
carbapenem-sparing regimen was not associated with higher mortal-
ity, compared to a carbapenem regimen.
Reference 1: Harris PNA, Tambyah PA, Lye DC, et al. Effect of pipera-
cillin-tazobactam vs meropenem on 30-day mortality for patients with 
E coli or Klebsiella pneumoniae bloodstream infection and ceftriaxone 
resistance: a randomized clinical trial. JAMA 2018; 320:984–9.
Reference 2: Karaiskos I, Giamarellou H. Carbapenem-sparing strategies 
for ESBL producers: when and how. Antibiot Basel Switz 2020; 9:E61.
Compliance with ethics regulations: Yes in clinical research
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Outcomes.
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Rationale: Sepsis leads to deep apoptosis-induced depletion of T-cells 
resulting in increased rate of secondary infection and late morbidity 
(1). Interleukin-7 (IL-7) is a pluripotent cytokine essential for lympho-
cyte proliferation and survival. By intra-muscular (IM) or subcutaneous 
route, IL-7 improved immunity by increasing T-cell count and reversed 
the marked loss of immune effector cells in lymphopenic patients with 
septic shock (2). Because IL-7 by IM route led to injection site reactions 
due to local lymphocytic infiltration, we designed a phase II study 
evaluating efficacy and safety of a potentially better tolerated route 
(intravenous).
Patients and methods/Materials and methods: Phase II prospec-
tive, randomized, double blind, placebo-controlled trial in 8 ICUs 
in France and 2 in the United States. Immunocompetent patients 
with vasopressor-dependent sepsis, two successive absolute lym-
phocyte counts (ALC) < 900 cells/mm3 and acute respiratory failure 
and/or acute kidney injury at 48  h after ICU admission were eligi-
ble. Forty patients were planned to be randomized 3:1 to receive 
IV administration of recombinant IL-7 (CYT107) at 10 µg/kg or pla-
cebo twice a week for 3 weeks. Primary objective was to determine 
if IV IL-7 induces an increased ALC at day 29 or hospital discharge. 
Secondary objective was to assess the safety and tolerability of 
CYT107.
Results: Between June 2019 and March 2020 21 patients (63.8 ± 15.8 
y.o.; SOFA score = 8.8 ± 4.4, APACHE II = 17.5 ± 5.6) received CYT107 
(n = 15) or placebo (n = 6). ALC was similar in both group at base-
line (0.73 ± 0.38 G/L vs 0.70 ± 0.57 G/L). CYT107 tended to increase 
the ALC at day 29 or hospital discharge (1.71 ± 1.2 G/L in treat-
ment groups vs 1.18 ± 0.79 G/L in control group; p = 0.17) (Figure). 
Patients in the treatment group had more organ support-free days 
(22.13 vs 7.7  days; p = 0.01) and slightly less secondary infections 
(26.7% vs 33%). Three patients developed fever, tachypnea and 
evidence of hypercytokinemia associated with IL-7 administration, 
which necessitated discontinuing therapy. Following the review of 
these events by the Data Safety Monitoring Board, a pharmacoki-
netic control was carried out and evidenced a higher concentration 
of CYT107 than expected (Cmax at 41,423 ± 8,548  ng/ml and an 
AUC at 273,772 ± 107,786 pg/ml⋅h) at time of adverse event.
Conclusion: While IV injection of IL-7 showed ability to reverse sepsis-
related lymphopenia, safety issues related to this route led to favor IM 
or subcutaneous route for the next phase III trial.
Reference 1: Drewry AM, Samra N, Skrupky LP, Fuller BM, Compton 
SM, Hotchkiss RS. Persistent lymphopenia after diagnosis of sepsis pre-
dicts mortality. Shock. 2014;42(5):383–391.
Reference 2: Francois B, Jeannet R, Daix T, et al. Interleukin-7 restores 
lymphocytes in septic shock: the IRIS-7 randomized clinical trial. JCI 
Insight. 2018;3(5):e98960.
Compliance with ethics regulations: Yes in clinical research.

Absolute Lymphocyte Count (ALC) at day 0 and day 29 (or hospital dis-
charge). Blue dots represent placebo-treated patients and red squares 
CYT107-treated patients.
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Rationale: Acute respiratory distress syndrome (ARDS) is a major 
complication of COVID-19 and is associated with high mortality and 
morbidity. We aimed to assess whether intravenous immunoglobulins 
(IVIG) could improve outcomes by reducing inflammation-mediated 
lung injury.
Patients and methods/Materials and methods: In this multicentre, 
double-blind, placebo-controlled trial, done at 43 centers in France, 
we randomly assigned patients (1:1) receiving invasive mechanical 
ventilation for up to 72  h with PCR confirmed COVID-19 and associ-
ated moderate-to-severe ARDS to receive either IVIG (2  g/kg over 
4 days) or placebo. Random assignment was done with a web-based 
system and was stratified according to the participating center and 
the duration of invasive mechanical ventilation before inclusion in the 
trial (< 12 h, 12–24 h, and > 24–72 h), and treatment was administered 
within the first 96 h of invasive mechanical ventilation. To minimize the 
risk of adverse events, the IVIG administration was divided into four 
perfusions of 0·5 g/kg each administered over at least 8 h. Patients in 
the placebo group received an equivalent volume of sodium chloride 
0·9% (10 mL/kg) over the same period. The primary outcome was the 
number of ventilation-free days by day 28, assessed according to the 
intention-to-treat principle. This trial was registered on ClinicalTrials.
gov, NCT04350580.
Results: Between April 3, and October 20, 2020, 146 patients (43 
[29%] women) were eligible for inclusion and randomly assigned: 69 
(47%) patients to the IVIG group and 77 (53%) to the placebo group. 
The intention-to-treat analysis showed no statistical difference in the 
median number of ventilation-free days at day 28 between the IVIG 
group (0·0 [IQR 0·0–8·0]) and the placebo group (0·0 [0·0–6·0]; differ-
ence estimate 0·0 [0·0–0·0]; p = 0·21). Serious adverse events were 
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more frequent in the IVIG group (78 events in 22 [32%] patients) than 
in the placebo group (47 events in 15 [20%] patients; p = 0·089).
Conclusion: In patients with COVID-19 who received invasive 
mechanical ventilation for moderate-to-severe ARDS, IVIG did not 
improve clinical outcomes at day 28 and tended to be associated with 
an increased frequency of serious adverse events, although not signifi-
cant. The effect of IVIGs on earlier disease stages of COVID-19 should 
be assessed in future trials.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Since the beginning of the COVID-19 pandemic, corti-
costeroid therapy has become a standard treatment for critically ill 
patients. The aim of this study was to identity COVID-19 clusters and 
investigate therapeutic response among clusters.
Patients and methods/Materials and methods: We performed a 
multicenter observational retrospective study between March 2020 
and December 2021. A hierarchical clustering on principal compo-
nents (HCPC) was used to establish COVID-19 profiles based on stand-
ard laboratory tests. Demographic data, ICU management, mortality 
and therapeutic response were compared between clusters.
Results: During the period, 329 patients were included in the analy-
sis. HCPC could identified 2 clusters. Patients of Cluster 2 were older 
(69 [61, 74] vs 64 [55, 71], p = 0.001) and had more comorbidities (3.50 
[2, 5] vs 2 [1, 4], p = < 0.001). These patients had a more severe organ 
failure. Requirement of invasive mechanical ventilation (69.9% (n = 58) 
vs 56.5% (n = 139); p = 0.033) and renal replacement therapy (39.8% 
(n = 33) vs 14,2% (n = 31), p < 0.001) were more frequent. In line with 
this, in-ICU mortality rate was 44.6% (n = 37) while patients of Cluster 1 
died in 27,2% of cases (n = 67) (p = 0,004). Corticosteroid therapy was 
associated with better outcome among patients of Cluster 1 (Relative 
Risk = 0.66, 95% CI [0,45–1,001], p = 0.06 and Log Rank test = 0,035) 
while it was not associated with better survival among patients of 
Cluster 2 (Relative Risk = 1.51, 95% CI [0,94–2,2], p = 0.12 and Log Rank 
test = 0,12)
Conclusion: Based on HCPC, we could identify 2 distinct profiles with 
different severity and different outcome. More importantly, corticos-
teroid therapy was associated with a better outcome only in the less 
severe patients. This approach might help clinician to undertake per-
sonalized ICU management.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Ventilator-associated lower respiratory tract infection (VA-
LRTI) is a common and severe complication in patients admitted to 
the intensive care unit (ICU) for SARS-CoV-2 pneumonia. Corticoster-
oids are widely used to treat these patients although the impact of this 
adjuvant therapy on the incidence of VA-LRTI in this population is still 
unclear. We sought to determine the relationship between corticoster-
oid adjuvant therapy and the incidence of VA-LRTI in a large cohort of 
COVID-19 critically ill patients.
Patients and methods/Materials and methods: This is a planned 
ancillary analysis of the retrospective multicenter coVAPid study. 
Adult patients invasively ventilated for more than 48  h for a SARS-
CoV-2 pneumonia during the first epidemic surge were consecutively 
included. VA-LRTI diagnosis required strict definition with clinical, radi-
ological and microbiological documentation. We assessed the asso-
ciation between VA-LRTI and corticosteroid adjuvant therapy using 
univariate and multivariate cause-specific Cox’s proportional hazard 
models with adjustment on prespecified confounders and with time 
stratification.
Results: 545 patients were included, 191 (35%) received corticoster-
oids. The incidence of VA-LRTI was not significantly different in the 
corticosteroid-treated versus non-treated patients (p = 0.068 for the 
likelihood ratio in adjusted model). We found a significant time varying 
effect of corticosteroid on the incidence of VA-LRTI (p = 0.018), with a 
non-significant increased risk of developing VA-LRTI after the 14th day 
following intubation (adjusted cHR 1.38 (95% CI 0.99 to 1.92)).
Conclusion: We found no significant association between corticos-
teroid adjuvant therapy and the incidence of VA-LRTI in a cohort of 
COVID-19 critically ill patients. We demonstrated a significant time-
varying effect of corticosteroids on the risk of developing VA-LRTI all 
along the 28-day follow-up.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Several epidemic reports indicated a high incidence of 
ventilator-associated pneumonia (VAP) in patients with severe SARS-
CoV2 pneumonia (1). Considering the common use of dexamethasone 
(DXM) since the 2nd wave, we conducted a large retrospective multi-
center study to evaluate the influence of DXM exposure on the inci-
dence of VAP.
Patients and methods/Materials and methods: 2088 patients with 
a diagnosis of COVID-19 admitted to the intensive care unit (ICU) 
between 27/02/20 and 30/05/21 were included. Among them 1080 
(42.2%) had mechanical ventilation (MV) > 48  h, and thus separated 
into 2 groups according to exposure or not to DXM (protocol defined 
in the RECOVERY trial): DXM+ (n = 751) and DXM− (n = 329). The diag-
nosis of VAP was based on clinical and microbiological arguments.
Results: The 2 groups were similar. Majority of patients were on MV 
within the first 24  h after admission; however, with a longer median 
time from admission to intubation in the DXM+ group (1 [0–3] vs 0 
[0–1]; p < 0.001). Patients exposed to DXM had also a longer dura-
tion of intubation: 15  days [8–28] vs 13  days [4–25], p = 0.003. The 
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univariate analysis found a higher proportion of VAP in the DXM+ 
group (58.7%) compared with the DXM− group (51%) (p = 0.023). The 
overall incidence rate of VAP episodes was essentially the same in the 2 
groups: 50.4‰ ventilator days [46.9–54.2] in the DXM+ group vs 49‰ 
[43.4–55.1] in the other group. Considering competing factors such as 
extubation and death, the cumulative incidence of the first episode 
of VAP was higher in the DXM+ group (p = 0.006) with respectively 
at 7  days: 37.1% [33.7–40.6] vs. 26.4% [21.7–31.2]; at 14  days: 52.7% 
[49.2–56.2] vs. 43.5% [38.2–48.7]; and at 28 days: 57.8% [54.3–61.2] vs. 
49.9% [44.6–55.1] (Figure). But in multivariate analysis, DXM was not 
identified as an independent risk factor for VAP: HR = 1.08 [0.89–1.30]; 
p = 0.444. The microbiological distribution was approximately the 
same in both groups, most often with polymicrobial documenta-
tion represented essentially by gram-negative bacteria (GNB) with an 
overrepresentation of enterobacteria (45%) and non-fermenting GNB 
(20%). There was also no difference in terms of mortality.
Discussion: The incidence of VAP in our series is close to that found in 
Rouzé et al. study (2) of 1576 patients with the same diagnostic criteria 
for VAP.
Conclusion: In this large multicenter cohort of patients treated for 
severe SARS-CoV2 infection, there is no association between the inci-
dence of VAP and the use of DXM.
Reference 1: Yang X, Yu Y, Xu J, et al.: Clinical course and outcomes of 
critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a 
single-centered, retrospective, observational study. The Lancet Res-
piratory Medicine 2020; 8:475–481.
Reference 2: Rouzé A, Martin-Loeches I, et  al.: Relationship between 
SARS-CoV-2 infection and the incidence of ventilator-associated lower 
respiratory tract infections: a European multicenter cohort study. 
Intensive Care Medicine 2021; 47:188–198.
Compliance with ethics regulations: Yes in clinical research.

Cumulative incidence curve of the first episode of VAP in patients exposed 
and not exposed to DXM
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Rationale: COVID-19 induces a sustained immunosuppression 
responsible for secondary infections acquisition and late mortality. 
We recently demonstrated that COVID-19 was responsible for T-cells 
dysfunction through arginine depletion. Several studies have found 
that supplementation with citrulline, which is converted in arginine 
through the activity of argininosuccinate synthetase and arginino-
succinate lyase, was more efficient than arginine to increase plasma 
level of arginine. In the present study, we aimed to assess the effect of 

citrulline supplementation in COVID-19-associated Acute Respiratory 
Distress Syndrome (ARDS) patients as an adjuvant therapy with the 
goal to relieve immunosuppression and help virus clearance.
Patients and methods/Materials and methods: We performed a 
prospective randomized controlled trial. Patients with RT-PCR con-
firmed COVID-19 associated ARDS were randomized to receive enteral 
citrulline supplementation 7 g/day for 7 days or placebo. The primary 
endpoint was SOFA score on day 7. Secondary outcomes included 
SOFA score on day 14, Intensive Care Unit (ICU) length of stay (LOS), 
Day-28 mortality and SARS-CoV2 PCR positivity in tracheal aspirates at 
day 14 and plasma arginine concentration at day 7.
Results: A total of 32 patients were included (10 women, median age 
66 years). SOFA score at day 7 were not statistically different between 
the two groups (4 (IQR: 3–6) versus 3.5 (3–4); p = 0.8) nor was the SOFA 
score at day 14 despite a trend towards a diminished SOFA score in the 
citrulline group (3(2.5–6.5) versus 2 (1–5); p = 0.068). Interestingly, a 
lower proportion of SARS-COV2 PCR positive respiratory samples was 
observed at day 14 in citrulline patients (30.8% versus 75%; p = 0.027). 
ICU LOS did not differ between the two groups (18.5 (13–28) versus 
15.5 (10.5–25.5); p = 0.32. Arginine concentrations in patients treated 
by citrulline were higher at day 7 (51.9 (44.5–70.4) versus 77.7 (56.1–
102.6), p = 0.026). Finally, Day-28, mortality was 0/16 in the citrulline 
group and 2/16 in the placebo group, log-rank test p = 0.2.
Conclusion: In this proof-of-concept study, citrulline supplementation 
among COVID-19 ARDS patients did not improve day-7 SOFA score. 
The higher viral clearance promoted by such treatment deserves fur-
ther investigations.
Compliance with ethics regulations: Yes in clinical research.

CO‑30 
Decontamination regimen in COVID‑19 ICU patients
MASSART  Nicolas1, REIZINE  Florian2, FILLATRE  Pierre1, SEGUIN  Philippe2, 
LACOMBE Béatrice4, FREROU Aurélien5, EGRETEAU Pierre-Yves6, 
HOURMANT  Baptiste7, KERGOAT  Pierre8, LORBER  Julien9, SOUCHARD 
 Jerome2, CANET  Emmanuel10, RIEUL  Guillaume3, FEDUN  Yannick3, 
DELBOVE  Agathe3, CAMUS  Christophe2

1CH Saint-Brieuc, Saint-Brieuc, France; 2CHU de Rennes, Rennes, France; 
3CH de Vannes, Vannes, France; 4CH Bretagne SUD, Lorient, France; 5Cen-
tre Hospitalier de Saint-Malo, Saint-Malo, France; 6Centre Hospitalier de 
Morlaix, Morlaix, France; 7CHU de Brest, Brest, France; 8CH de QUIMPER, 
Quimper, France; 9CH de Saint-Nazaire, Saint-Nazaire, France; 10CHU de 
Nantes, Nantes, France 
Correspondence: Nicola MASSART (nicolasmassart@hotmail.fr)
Annals of Intensive Care 2022, 12(1):CO-30

Rationale: Critically ill patients admitted with SARS-COV 2 infectious 
disease (COVID-19) are at high risk of ventilator-associated infection 
(VAP) and ICU acquired bloodstream infection (BSI) with implications 
for outcomes. Among strategies that aimed to prevent both such 
acquired infections (AI), selective decontamination regimen has been 
poorly studied in COVID-19 setting.
Patients and methods/Materials and methods: We performed an 
ancillary analysis of the COCOREVAP study which is a multicenter ret-
rospective observational study in 15 ICUs in western France. All adults 
admitted with COVID-19 from February 1st, 2020 until December 31th 
2021 who required mechanical ventilation were eligible. In addition to 
standard care, 3 ICUs used a multiple-site decontamination regimen 
(MSD), a variant of selective digestive decontamination, which consists 
of the administration of topical antibiotics including an aminoglyco-
side (tobramycin or gentamicin), polymyxin and amphotericin B, four 
times daily in the oropharynx and the gastric tube, chlorhexidine body 
washing and a 5-day nasal mupirocin course in patients who had an 
expected intubation duration of 24 h or more. AI and death risk factors 
were estimated using logistic regression.
Results: During study period, 614 of 1158 COVID-19 patients admit-
ted in our ICUs were intubated for at least 48 h. Due to missing data 
regarding AIs in 153 patients, 461 patients were finally included. Base-
line characteristics in both groups were similar at the exception of 
a lower age (62  years [55–71] vs 68 [61–73] p = 0.002), a lower body 
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mass index (27.46 [24.39–31.40] vs 28.76 [25.38–32.16] p = 0.026) 
and a lower proportion of patients admitted during fall 2020 (31.5% 
vs 48.1% p < 0.001) in the MSD group. Compared with the standard-
care group, AI were less frequent in the MSD group with incidence 
rates of 30.6 per 1000 patients-days and 16.1 per 1000 patients-days 
(Incidence Rate Ratio = 0.53 95% CI [0.37–0.75] p < 0.001) respectively. 
In multivariate analysis, MSD administration was associated with a 
lower risk of AI (OR = 0.36, 95% CI [0.21–0.63]; p < 0.001). Regarding AI 
site, MSD remained independently associated with a significant lower 
risk of VAP (OR = 0.35, 95% CI [0.20–0.60]; p < 0.001) but not of BSI 
(OR = 0.54, 95% CI [0.57–1.31], p = 0.17). Hospital mortality was lower 
among patients receiving MSD (30.1% vs 16.9% p = 0.017) (Figure), 
with an independent protective effect (OR = 0.49, 95% CI [0.24–0.99]; 
p = 0.049).
Conclusion: MSD was associated with a lower incidence of AI 
among ventilated COVID-19 patients. These promising results 
deserve confirmation by randomized controlled trials.
Compliance with ethics regulations: Yes in clinical research.

Figure. Survival curves
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Rationale: Last consensus of ERC-ESICM on temperature manage-
ment indicates there was insufficient evidence to recommend for or 
against temperature control at 32–36 °C or early cooling after cardiac 
arrest. Post-resuscitation shock defined as need for vasopressors after 
return of spontaneous circulation is associated with high mortality 
and brain damage. A post-hoc analysis of TTM2 trial indicated a safety 
signal about higher mortality when 33  °C was chosen as target dur-
ing TTM. We perform a post-hoc analysis of HYPERION trial to explore 
interaction between post-resuscitation shock status and temperature 
targeted after cardiac arrest.
Patients and methods/Materials and methods: Post-analysis of 
HYPERION trial which include patients with ROSC after cardiac arrest 
in non-shockable rhythm. Patients were divided according to presence 

or absence of post-resuscitation shock after cardiac arrest. Impact of 
induced hypothermia (33  °C) or controlled normothermia (37  °C) on 
favorable functional outcome (defined as Cerebral Performance Cat-
egory (CPC) 1 or 2 at day 90) was evaluated.
Results: We included, 581 patients: 339 with post-resuscitation 
shock and 242 without. Of patient with post-resuscitation shock, 159 
received induced hypothermia and 180 controlled normothermia. 
On day 90, 14 of the 159 patients in the hypothermia group had a 
CPC score of 1 or 2, as compared with 10 of the 180 patients in the 
normothermia group, with no significant difference (8.81% vs 5.56%, 
p = 0.24) (Table 3). Patients in the hypothermia group and the normo-
thermia groups did not differ in terms of mortality on day 90 (83% vs 
86%, p = 0.43, Table 4, HR 0.92, 95% CI 0.73-1.16, p = 0.46, Fig. 2).
Conclusion: Presence of a post-resuscitation shock at ICU admission 
after cardiac arrest in non-shockable rhythm is a major determinant 
of day-90 functional outcome. There is no interaction between post-
resuscitation shock presence and benefits of induced hypothermia 
provided for patients with cardiac arrest in non-shockable rhythm as 
compared to controlled normothermia.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Organ shortage is a major public health issue, and patients 
who die after out-of-hospital cardiac arrest (OHCA) could be a valuable 
source of organs. Our objective was to identify factors associated with 
organ donation after brain death complicating OHCA, in unselected 
patients entered into a comprehensive real-life registry covering a 
well-defined geographic area.
Patients and methods/Materials and methods: We prospectively 
analyzed consecutive adults with OHCA who were successfully resusci-
tated but died in intensive care units in the Paris region in 2011–2018. 
The primary outcome was organ donation after brain death. Inde-
pendent risk factors were identified using logistic regression analysis. 
A donation-likelihood score was established. One-year outcomes of 
transplants and transplant recipients were assessed using Cox and log-
rank tests.
Results: Of the 3061 included patients, 136 (4.4%) became organ 
donors after brain death, i.e. 28% of the patients with brain death. 
Patients characteristics are described in the Table. An interaction 
between admission pH and post-resuscitation shock was identified. By 
multivariate analysis, in patients with post-resuscitation shock, predic-
tors of organ donation were neurological cause of OHCA (odds ratio 
[OR], 14.5 [7.6–27.4], P < 0.001), higher pH (OR/0.1 increase, 1.3 [1.1–
1.6], P < 0.001); older age predicted absence of donation (OR/10-year 
increase, 0.7 [0.6–0.8], P < 0.001). In patients without post-resuscitation 
shock, the only predictor was neurological cause of OHCA (OR, 6.9 
[3.0–15.9], P < 0.001); higher pH (OR/0.1 increase, 0.8 [0.7–1.0], P = 0.04) 
and OHCA at home (OR, 0.4 [0.2–0.7], P = 0.006) predicted absence of 
donation. Organ donation occurred in 3% of patients with a prediction 
score < 0 and 34% of those with a score > 0. One-year outcomes of kid-
ney transplants and their recipients did not differ according to Utstein 
characteristics of the donor.
Conclusion: Organ donation should be considered in every patient 
with OHCA due to a neurological cause, independently from presence 
of post-resuscitation shock and from Utstein characteristics.
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Table: Utstein characteristics of patients with out-of-hospital cardiac 
arrest
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Rationale: Out-of-hospital cardiac arrest (OHCA) is a common cause 
of death, with a very low survival rate. Early circulatory failure is the 
most common reason for death within the first 48  h after resuscita-
tion. This study including intensive care unit (ICU) patients with OHCA 
was designed to identify and characterize clusters based on clinical 
and laboratory features and to determine the frequency of death from 
refractory post-resuscitation shock (RPRS) in each cluster.
Patients and methods/Materials and methods: We retrospectively 
identified adults who were admitted alive to ICUs after OHCA in 2011–
2018 and recorded in a prospectively established registry for the Paris 
area (France). We identified patient clusters by performing an unsuper-
vised hierarchical cluster analysis (without mode of death among the 
variables) based on Utstein clinical and laboratory variables. For each 
cluster, we used the Fine-and-Gray approach to estimate the hazard 
ratio (HRs) for RPRS (defined as post-resuscitation shock refractory to 
aggressive critical care). Inclusion was at ICU admission. The time-to-
event analysis was censored on the date of death in the ICU or date of 
ICU discharge alive.
Results: Of the 4445 included patients, 1468 (33%) were discharged 
alive from the ICU and 2977 (67%) died in the ICU. We identified four 
clusters: initial shockable rhythm with short low-flow time (cluster 1), 
initial non-shockable rhythm with usual absence of ST-segment eleva-
tion (cluster 2), initial non-shockable rhythm with long no-flow time 
(cluster 3), and long low-flow time with high epinephrine dose (clus-
ter 4). RPRS was significantly associated with this last cluster (HR, 5.51; 
95% confidence interval, 4.51–6.74).
Conclusion: We identified patient clusters based on Utstein criteria, 
and one cluster was strongly associated with RPRS. This result may 
help to make decisions about using specific treatments after OHCA.

Compliance with ethics regulations: Yes in clinical research.
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Rationale: The optimal approach to the use of venoarterial extracor-
poreal membrane oxygenation (VA-ECMO) during cardiogenic shock is 
uncertain.
Patients and methods/Materials and methods: To determine 
whether early use of moderate hypothermia (33–34 °C) compared to 
strict normothermia (36–37  °C) improves mortality in patients with 
cardiogenic shock receiving VA-ECMO. Multicenter, unblinded, paral-
lel-group, randomized clinical trial in the intensive care units (ICU) of 
20 French Cardiac Shock Care Centers Patients were eligible if they 
were endotracheally intubated and had been receiving VA-ECMO for 
cardiogenic shock for < 6  h. Of 786 eligible patients, 374 were rand-
omized. The primary outcome was mortality at 30 days. There were 21 
secondary outcomes including mortality at days 7, 60, and 180; a com-
posite outcome of death, cardiac transplant, stroke or escalation to left 
ventricular assist device (LVAD) at days 30, 60 and 180, ventilatory- and 
kidney replacement therapy-free days between inclusion and days 30, 
60 and 180. Adverse events included rates of severe bleeding, sepsis 
and number of packed red blood cells transfused during VA-ECMO.
Results: 334 patients completed the trial (mean age, 57 [SD 12] years. 
At 30 days, 71 of the 168 patients (42%) in the moderate hypothermia 
group and 84 of the 166 patients (51%) in the normothermia group 
had died (adjusted odds-ratio = 0.71; 95% confidence interval 0.45–
1.13, p = 0.15; risk difference -8.3% (− 16.3 to − 0.3%)). The odds-ratio 
of the composite outcome of death, cardiac transplant, escalation to 
LVAD and stroke in the hypothermia group, as compared with the 
control group, was 0.61 (95% CI 0.39–0.96, p = 0.03) at day 30 (risk 
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difference − 11.5% (− 23.2 to 0.2%)). Of the 27 secondary outcomes, 
26 were inconclusive. The incidence of severe or moderate bleeding 
was 34% in the hypothermia group and 36% in the normothermia 
group. The incidence of infections was 52% in both groups.
Conclusion: In patients with refractory cardiogenic shock treated with 
VA-ECMO, early application of moderate hypothermia for 24 h did not 
significantly increase survival compared with normothermia. However, 
because the confidence interval was wide and included a potentially 
clinical important effect size, these findings should be considered 
inconclusive.
Reference 1: Levy B et  al. JAMA. 2022 Feb 1;327(5):442-453. https:// 
doi. org/ 10. 1001/ jama. 2021. 24776.
Compliance with ethics regulations: Yes in clinical research.

Kaplan Meier survival estimates during the first 30 days of VA-ECMO 
patients treated with moderate hypothermia or normothermia. Median 
(IQR) of observation time was 8 (28, 30) days.
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Rationale: In patients with septic shock, the impact of mean arterial 
pressure (MAP) target on the course of mottling remains uncertain. 
We investigated whether a low-MAP (between 65 and 70 mm Hg) or a 
high-MAP target (between 80 and 85 mm Hg) would affect the course 
of mottling and arterial lactate in patients with septic shock.
Patients and methods/Materials and methods: For this post hoc 
analysis of the SESPSISPAM trial (1), we included patients with at least 
one available data regarding mottling. Data that concerned mottling 
were considered until the discontinuation of catecholamine or for a 
maximum of 5  days under vasopressors. The presence or absence of 
mottling was recorded every 2  h from 2  h after inclusion to the cat-
echolamine weaning. We compared time course of mottling and 
arterial lactate between the two MAP target groups. We then evalu-
ated the patient’s outcome according to the presence or absence of 
mottling.
Results: We included 747 patients in this analysis: 374 were assigned 
to the low-MAP target group and 373 to the high-MAP target group. 
After adjustment for MAP target and confounding factors, the pres-
ence of mottling ≥ 6  h during the first 24  h was significantly associ-
ated with a higher risk of death at day 90 [Hazard Ratio (HR) 2.28 
(1.74–3.00), p < 0.0001]. As compared with low MAP target, a high MAP 
target did not alter mottling course (Fig. 1) and arterial lactate normali-
zation. Our results were similar when considering only patients who 
reached the criteria of the SEPSIS-3 definition of septic shock. In addi-
tion, when compared to arterial lactate at inclusion, mottling dura-
tion appeared to be a better microcirculatory marker of mortality risk. 
Indeed, patients without mottling or mottling during less than 6 h and 
with arterial lactate ≥ 2  mmol/l has a lower mortality [HR 1.56 (1.10–
2.20)] than patients with mottling during more than 6 h and with arte-
rial lactate < 2 mmol/L [HR of 2.77 (1.80–4.30) (p = 0.005)].
Conclusion: In this large-scale study, we showed that a MAP target 
between 80 and 85  mm Hg, achieved through increased vasopres-
sor doses, did not alter the course of mottling nor arterial lactate 
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normalization. In patients with septic shock, the presence of mot-
tling ≥ 6 h was associated with higher mortality at day 28 and day 90. 
In addition, compared to arterial lactate at inclusion, mottling duration 
appears to be a stronger marker of mortality risk.
Reference 1: Asfar P, Meziani F, Hamel J-F et al. High versus low blood-
pressure target in patients with septic shock. N Engl J Med. 24 avr 
2014;370(17):1583–93.
Compliance with ethics regulations: Yes in clinical research.

Course of mottling in patients with septic shock according to the mean 
arterial pressure target. Horizontal line represents a patient follow-up. 
Solid line corresponds to a period with mottling; hatched line corresponds 
to period without mottling
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Rationale: The incidence and prognostic value of new-onset right 
ventricular failure (RVF) in patients hospitalized in intensive care unit 
(ICU) for moderate-to-severe acute respiratory distress syndrome 
(ARDS) related to COVID-19 has been scarcely studied. Accordingly, the 
objective was to evaluate the association between the development 
of RVF during ICU stay and 90-day mortality in patients admitted for 
COVID-19 ARDS. Secondary objective was to evaluate the association 
between the new-onset RVF and variations of respiratory parameters.
Patients and methods/Materials and methods: In this single-
center prospective observational study, ICU patients with COVID-19 
moderate-to-severe ARDS were serially assessed using echocardiog-
raphy. RVF was defined as the association of dilated RV (RV/left ven-
tricular end-diastolic area > 0.6) and elevated central venous pressure 
(≥ 8  mmHg). Multivariate Cox model analysis accounting for new-
onset RVF as time-dependent variable was used to identify param-
eters associated with mortality. In the subset of patients without RVF 
at baseline who subsequently developed RVF during the ICU stay, we 
compared respiratory parameters between the day of the RVF diag-
nosis and the day of the preceding CCE assessment using a Wilcoxon 
signed-rank test.
Results: Overall, 401 echocardiographic assessments were performed 
in 140 patients, 43 of whom died at day 90 (31%). RVF was identi-
fied within 72  h of ICU admission in 35 patients and secondarily in 
40 patients. RVF was independently associated with 90-day mortal-
ity (adjusted hazard ratio: 8.17; 95% confidence intervals: 3.15–21.2; 
p < 0.001). Other independent risk factors were age (HR per 10 years: 

1.84; 95% CI: 1.20–2.81; p = 0.005) and ischemic cardiomyopathy (HR: 
2.26; 95% CI: 1.19–4.31; p = 0.013). Worsening of  PaO2/FiO2 (median 
[quartiles]: 70  mmHg [57–126] vs. 96  mmHg [69–159]: p = 0.005), 
 PaCO2 (60 mmHg [46–65] vs. 51 mmHg [35–61] p = 0.036), ventilatory 
ratio (2.73 [2.29–3.57] vs. 2.25 [1.51–2.92]: p = 0.004), and driving pres-
sure (14 cm  H2O [13–19] vs. 13 cm  H2O [10–14]: p = 0.005) were associ-
ated with new-onset RVF.
Conclusion: The development of RVF during ICU stay was indepen-
dently associated with a markedly higher risk of 90-days mortality and 
appeared associated with a worsening of respiratory parameters.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Sedation in pediatric intensive care units (PICU) is balanc-
ing between endangerment patient and the risk of tachyphylaxis, 
withdrawal syndrome and delirium (1). The main objective was to 
describe sedation-analgesia procedures in France. The secondary 
objectives was to specify the use of drugs without marketing authori-
zation, and to observe the drugs associations.
Patients and methods/Materials and methods: We conducted a 
multicentric, descriptive and prospective study in France, between 
May and July 2021. PICU were joined by the PICURE network or by the 
chief of department. The referring doctors answered a first online sur-
vey describing their unit. They answered a second online survey about 
each sedated patient on the days of the study. The included patients 
were hospitalized in PICU; aged between 38  weeks of amenorrhea 
(WA) and 18 years old; received drugs for sedation or withdrawal syn-
drome. Excluded patients received painkillers against pure nociceptive 
pain, or palliative or terminal sedation.
Results: Thirty PICU were included, between 8 and 34 beds. Four-
teen centers (47%) used protocols. Nurses were autonomous to set 
dose of sedation according to protocol in 13 centers. Four hundred 
and two questionnaires were filed. Twelve were excluded: 5 because 
of age < 38 WA, 7 because they received pure analgesia. Patients ages 
were: neonates 19%, infant 39%, 2-6  years old 17%, 6–10  years old 
5%, 10–14 years old 8%, and 14–17 years old 11%. Forty eight percent 
patients were in postoperative care, including 30% post cardiotomy; 
74% had invasive ventilation, 4% extra corporeal membrane oxygena-
tion, 5% hemodialysis. Sedation was scored in 291 (74%) patients 
mainly by Comfort Behavior Scale (55%). Pain was scored in 314 
(80%) patients, mainly using the Comfort Behavior Scale (50%). With-
drawal was scored in 214 patients (55%), mainly using the Withdrawal 
Assessment Tool 1. Sixteen per cent patients received no opioids; 42% 
received Morphine, and 36% Sufentanil. Non-opioid antalgics were: 
Acetaminophen (78%), NSAIDs, Nefopam, Nalbuphine. While 22% 
patients didn’t received hypnotic, 57% received Midazolam, 34% alpha 
agonist, 18% Ketamine, 8,5% Propofol. Use of Pentothal, Levomeprom-
azine and Sevoflurane was uncommon. Only 9% of patients received 
neuromuscular blocking agents, mainly Cisatracurium and Atracurium. 
Non-drug treatment was used in 77% cases: mainly parental presence, 
circadian rhythm observance, music therapy and cocooning.
Conclusion: The most frequent sedation includes an association 
between an opioid and a benzodiazepine. Non-drug cares are widely 
used. Though recommended, scores are not often used.
Reference 1: Harris et al. Clinical recommendations for pain, sedation, 
withdrawal and delirium assessment in critically ill infants and chil-
dren: an ESPNIC position statement for healthcare professionals, Inten-
sive Care Med 2016 Jun;42(6):972–86.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: In ICU, sedation-analgesia is a major therapeutic element 
to provide adequate comfort to the patient and to permit a good 
synchronization with the respirator. Currently, it is common to asso-
ciate benzodiazepine with opioid. However, after prolonged seda-
tion, effects of the sedative become exhausted, requiring an increase 
in doses, leading to an increased incidence of withdrawal syndrome, 
and delaying extubation. Since the beginning of the XXI century, there 
has been a growing interest in the use of halogenated gases in ICU, 
because of their hypnotic effects. Furthermore, there is little data on 
their use during prolonged sedation. Therefore, their efficacy and tol-
erance should be assessed. They could reduce the dosage of benzo-
diazepines and opioids, thereby reducing the incidence of withdrawal 
syndrome.
Patients and methods/Materials and methods: This is a retrospec-
tive, multicentric cohort study. 50 children (median age 2.2  years, 
[0.8–7.2]) admitted to PICU between January 2018 and December 
2020 were included. All of them received multimodal prolonged seda-
tion (> 72 h) for mechanical ventilation. They all benefited from vola-
tile sedation (Isoflurane of Sevoflurane) for 24 h at least. The primary 
endpoint was a decrease superior to 20% in benzodiazepine dosages 
during the first 24 h after halogenated introduction. A 20% decrease in 
other hypnotics, NMBA, and opioids were also explored. The propor-
tion of adverse events and withdrawal syndrome were collected.
Results: A statistically significant reduction in benzodiazepines dos-
ages (μg/kg/h) was reported (118 [62.5; 200] vs 80.0 [32.5; 120], 
p < 0,01). The same results were found for other hypnotics (Ketamine: 
2.00 [1.00; 2.00] vs 1.50 [1.00; 2.00], p = 0.036, mg/kg/h; Clonidine: 0.55 
[0.35; 1.27] vs 0.20 [0.12; 0.43], p = 0.036, μg/kg/h). For opioids (μg/
kg/h), only Sufentanil (0.80 [0.50; 1.00] VS 0.70 [0.35; 1.00]; p = 0.022) 
and Fentanyl (6.00 [4.00; 8.00] VS 5.75 [3.25; 6.00], p = 0.012) decreased 
significantly. No major adverse effects were reported. 26% of patients 
developed withdrawal syndrome.
Conclusion: Halogenated gases seem to be an interesting therapeu-
tic to reduce dosages of different hypnotics and opioids used during 
multimodal prolonged sedations. Inhalation of halogenated gas via 
the ACD seems to be sure and easy to use. That appears to be a simple 
method for maintaining long-term sedation in PICU. Our results sug-
gested IA sedation using the ACD to be an effective and safe alterna-
tive to the usual intravenous Propofol- or Midazolam-based regimen. 
Sevoflurane provided sedation quality comparable to Propofol and 
Midazolam, but with decreased wake-up and extubation times.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Computer vision has promising potential for the diagno-
sis of vital distress in critically ill patients including neurological, res-
piratory and hemodynamic distress. For instance, measurement of 
respiratory rate using 3D videos in spontaneous breathing patients 

and correlation between low cardiac output and thermal distribution 
using infrared (IR) images were reported in several studies. The aim of 
our research was to setup a multi-modal video infrastructure to create 
a clinical video research database and pave the way to real-time vital 
distress video monitoring within a pediatric intensive care unit (PICU).
Patients and methods/Materials and methods: The specifications 
of the infrastructure were developed by an interdisciplinary team 
including clinicians, computer scientists, and hospital information 
technology personnel. These specifications took into account the 
requirements of the research ethics board: (1) a multimodal video sys-
tem (MMVS) that is able to capture color (RGB) videos for neurological 
distress analysis, 3D videos for respiratory distress analysis and thermal 
videos for hemodynamic analysis; (2) a MMVS in each room on the ceil-
ing above the patient’s bed; (3) security systems to only register videos 
of patients who have consented to the study; (4) automatic data stor-
age on the hospital private servers; (5) synchronization of the videos 
with clinical data collected simultaneously; (6) data classification in a 
research database.
Results: The MMVS developed included a hardware and a software 
component (Fig.  1). The hardware component consisted of a NVIDIA 
Jetson Xavier NX mini-computer that has a built-in GPU (NVIDIA Corp, 
USA) connected to a Kinect Azure RGB-3D camera (Microsoft, USA) and 
a FLIR Lepton 3.5 thermal sensor (Teledyne FLIR, USA). Both cameras 
are pointed towards the patient and are placed in a 3D printed sup-
port. The software component included a web user interface for per-
forming the acquisitions in the hospital intranet in a secure manner. 
The video research database currently includes more than 200 acquisi-
tions and is being used in various studies to assess vital distress signs 
including facial expressions to estimate sedation level and conscious-
ness using RGB videos, the refinement of tidal volume and respiratory 
rate measurements in patients using 3D videos, and estimation of the 
thermal gradient across various parts of the body using IR.
Conclusion: A multi-modal RGB 3D and thermography video infra-
structure was successfully set up and a video research database of 
critically ill children was constructed and enabled algorithm develop-
ment to assess various vital distress. This setup could be replicated in 
other PICUs.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: New et al1 completed a national cohort study in the 
United Kingdom (UK); all hospitals were invited to participate. Hos-
pitalized children—not only those in pediatric intensive care units 
(PICU)—< 18  years old who received an RBC transfusion during a 
3-month period in 2009 were eligible for inclusion. The median vol-
ume was 15.0 (IQR: 11.8–19.2) mL/kg per transfusion, with peaks of 
prescription volume at 10, 15 and 20 mL/kg. Almost no specific atten-
tion has been paid to the volume of RBC transfusion administered in 
PICU. We determined the volume/kg/transfusion of the first RBC trans-
fusion given to participants in the Age of Blood in Children in PICU 
(ABC-PICU) trial.2 The hypothesis was that we would find the same var-
iability in the volume/kg administered to PICU patients than reported 
by New in hospitalized children.
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Patients and methods/Materials and methods: Patients enrolled 
in ABC-PICU were allocated to receive either fresh (stored <7  days) 
or standard-issue RBC (delivery of oldest compatible unit available in 
the blood bank). The volume of RBC unit per transfusion was not con-
trolled in ABC-PICU. Cardiac patients were randomized before surgery; 
other patients were randomized in PICU. In the former, data on RBC 
transfusion were collected in the operating room and PICU while data 
in the latter were collected only in PICU.
Results: 1538 patients across 50 centers (US, Canada, France, Italy, 
Israel) were randomized between February 2014 and August 2018; 
1474, including 1263 non-cardiac patients, received at least one 
RBC transfusion. Figure  1 reports the number of participants to 
ABC-PICU per range of volume of the first RBC transfusion adminis-
tered after randomization. Among the 1474 participants, 105 (7.1%) 
received > 30  mL/kg/transfusion; most (82/105 = 78.1%) were cardiac 
patients who were first transfused while priming a cardio-pulmonary 
bypass. Among 1263 non-cardiac participants, 736 (58.3%) received 
between 9 and 16.99  mL/kg/transfusion; a significant proportion 
received < 9 or > 17  mL/kg/transfusion (286 or 22.6% and 241 or 
19.1%, respectively).
Conclusion: There is an important variability in the volume/kg/trans-
fusion given to participants in ABC-PICU. Data on bleeding status and 
on-site policy limiting volume per transfusion (e.g., not more than one 
unit per transfusion) were not collected in ABC-PICU, which limits the 
interpretation of the results reported in this abstract. Future studies 
taking into account patients’ bleeding status and site-specific policy 
on volume per transfusion must investigate what are the causes and 
the clinical impact of the variability that we observed in ABC-PICU 
participants.
Reference 1: New HV, Grant-Casey J, Lowe D, Kelleher A, Hennem S, 
Stanworth SJ. Red blood cell transfusion practice in children: current 
status and areas for improvement? A study of the use of red blood cell 
transfusions in children and infants. Transfusion 2014;54.
Reference 2: Spinella PC, Tucci M, Fergusson DA, Lacroix J, Hébert PC, 
Leteurtre S, et al. The age of transfused blood in critically ill children. 
JAMA 2019;322:2179–90.
Compliance with ethics regulations: Yes in clinical research.

Volume of first red cell transfusion given after randomization to 1263 non-
cardiac and 211 cardiac participants to the ABC-PICU trial.
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Rationale: Family presence during invasive procedures or cardiopul-
monary resuscitation (CPR) is a part of the family-centered approach 
in pediatric intensive care units (PICUs). We established a simulation 
program aiming at providing communication tools to healthcare pro-
fessionals. The goal of this study was to evaluate the impact of this 
program on the stress of PICU professionals and its acceptance.
Patients and methods/Materials and methods: An observational 
study of a simulation program, with questionnaire, was used to meas-
ure pre- and post-simulation stress and the degree of satisfaction of 
the participants. Setting: PICU of Geneva Children’s Hospital, Switzer-
land. Forty simulations with four different simulation scenarios and 
various types of parental behavior, as imitated by professional actors, 
were completed during a 1-year period. Primary outcomes were the 
difference in perceived stress level before and after the simulation 
and the degree of satisfaction of healthcare professionals (nursing 
assistants, nurses, physicians). The impact of previous experience with 
family members during critical situations or CPR was evaluated by var-
iation in perceived stress level.
Results: Overall, 201 questionnaires were analyzed. Perceived stress 
associated with parental presence decreased from a pre-simulation 
value of 6 (IQR, 4–7) to 4 (IQR, 2–5) post-simulation on a scale of 1–10. 
However, in 25.7% of cases, the individually perceived post-simulation 
stress level was higher than the pre-simulation one. Satisfaction of the 
participants was high with a median of 10 (IQR, 9–10) out of 10 (Fig. 1).
Discussion: Our study describes an in  situ pediatric simulation pro-
gram of critical situations in the presence of family members played 
by professional actors. The simulation program was explicitly aiming 
at the development of communication skills. The “in situ” setting and 
the possibility to debrief in the presence of a psychologist represent 
two innovative features of our study. The simulation generally, but 
not always, showed a reduction in healthcare professionals perceived 
stress caused by family presence during a critical situation in the PICU. 
To meet the demand of participants experiencing a high level of stress 
after the simulation, a pre-simulation video on potential benefits and 
pitfalls of family presence during critical situations as well as on ad-hoc 
communication tools is now available to all future participants.
Conclusion: A simulation program helps reduce PICU team emotional 
stress associated with the presence of family members during critical 
situations or CPR, and is welcomed by PICU team members.
Compliance with ethics regulations: Yes in clinical research.

Figure 1. Box plot showing overall pediatric intensive care team stress 
related to family member presence during cardiopulmonary resuscitation 
or other major interventions in the pediatric intensive care unit, before 
and after the simulation.
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Rationale: To assess the pharmacokinetic (PK) efficacy and clinical tox-
icity for three beta-lactams: cefotaxime, piperacillin/tazobactam and 
meropenem, depending on two administration modalities: continu-
ous or intermittent infusions in critically ill children.
Patients and methods/Materials and methods: This single center 
observational prospective study was conducted in a pediatric inten-
sive care unit. All hospitalized children who had one measured plasma 
concentration of the investigated antibiotics were included. Plasma 
antibiotic concentrations were interpreted by a pharmacologist, using 
a Bayesian approach based on previously published population phar-
macokinetic models. Exposure was considered optimal, low, or high 
according to the PK target 100% fT > 4 × MIC and a trough concentra-
tion below the toxic concentration (50 mg.L−1 for cefotaxime, 150 mg.
L−1 for piperacillin and 44 mg.L−1 for meropenem).
Results: Between May 2019 and January 2020, 80 patients were 
included and received 106 antibiotic courses: 74 (70%) were admin-
istered in intermittent infusion (II) and 32 (30%) in continuous infu-
sion (CI). Compared to II, CI provided more optimal PK exposure (OR 
1.2, 95% CI 1.01–1.5, p = 0.04), less underexposure (OR 0.7, 95% CI 
0.6–0.84, p < 0.001) and more overexposure (OR 1.2, 95% CI 1.03–1.3, 
p = 0.01) (Fig.  1). Five adverse events have been reported during the 
study period, although none have been attributed to beta-lactam 
treatment.
Conclusion: Continuous infusion provided a higher probability to 
attain an optimal PK target compared to intermittent infusion, but also 
a higher risk for overexposure. Regular therapeutic drug monitoring is 
recommended in critically ill children receiving beta-lactams, regard-
less of the administration modality.
Compliance with ethics regulations: Yes in clinical research.

Description of the antibiotic exposure (underexposure, optimal exposure 
or overexposure) depending on the drug (A) or for the whole cohort (B), 
with respect to the administration route, intermittent infusion (II) or con-
tinuous infusion (CI).
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Rationale: Weaning-induced pulmonary edema (WiPO) is one of the 
main reasons for weaning failure. Nevertheless, the reported incidence 
of WiPO is variable mainly in monocentric studies with small sample 
size. We thus aimed to evaluate the incidence and risk factors of WiPO 
in a large mixed population of critically ill patients.
Patients and methods/Materials and methods: Adult critically ill 
patients receiving invasive ventilation were included once the attend-
ing physicians decided to perform a spontaneous breathing trial (SBT). 
Patients with tracheostomy were excluded. The duration and modali-
ties of the SBT (T-tube/pressure support or others) were decided by 
attending physicians. The consensual diagnosis of WiPO was made a 
posteriori by five experts based on the patient characteristics, hemo-
dynamic and echocardiographic variables, and biochemical results.
Results: From July 2019 to February 2021, 634 SBT performed in 
500 patients (65 (55–74) y.o., 64% male) from twelve intensive care 
units, were prospectively included. The main indication for intu-
bation was acute respiratory failure in 202 (40%) patients, neuro-
logical failure in 100 (20%) patients, interventional procedure in 
74 (15%) patients, shock in 55 (11%) patients, resuscitated cardiac 
arrest in 10 (2%) patients, a mixture of previous reasons in 53 (11%) 
patients and miscellaneous reasons in 6 (1%) patients. SBT failed at 
217 (34%) occurrences observed in 157 (31%) patients. WiPO was 
identified in 79 (36%) failed SBTs in 58 (37%) patients. We assessed 
WiPO according to the main indication for intubation, the preva-
lence of WiPO was 73% in patients intubated for acute respiratory 
failure/shock/sepsis, 13% in patients intubated for neurological fail-
ure, 9% in patients intubated after resuscitated cardiac arrest, and 
5% in those intubated for an interventional procedure. Among 217 
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failed SBTs, WiPO occurred in 54 (25%) of SBTs performed with a T 
tube, 16 (7%) with pressure support ventilation, and 9 (4%) with 
other modalities. Compared to patients without WiPO (n = 98), 
patients with at least one WiPO (n = 58) had a higher prevalence 
of chronic obstructive pulmonary disease (COPD) (27% vs. 7%, 
respectively; p = 0.001), and previous cardiopathy (dilated and/or 
hypertrophic and/or valvular disease, 49% vs. 23%, respectively; 
p = 0.002). A logistic regression analysis found that, COPD (odds 
ratio (OR): 5.1, [95% confidence interval: 1.9–14.0]), and previous 
cardiopathy (OR: 2.9 [1.4–6.2]) were independent risk factors for 
developing WiPO.
Conclusion: In a large mixed population of critically ill patients, WiPO 
accounts for 36% of SBT failure. COPD and a previous cardiopathy 
were independent risk factors for developing WiPO.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Rapidly progressive interstitial lung disease (RP-ILD) is a 
frequent manifestation of anti-MDA5 dermatomyositis (DM) and is 
associated with a high mortality rate. The appropriate treatment regi-
men of anti-MDA5 RP-ILD is uncertain. A potential pathogenic role of 
MDA5 antibodies motivated plasma exchange (PLEX) but whether 
the effectiveness of this procedure is unknown. The aim of the study 
was  to evaluate the outcome of patients undergoing PLEX for anti-
MDA5 RP-ILD.
Patients and methods/Materials and methods: This French mul-
ticenter retrospective study was  conducted from 2012 to 2021 in 18 
hospitals and included all patients with anti-MDA5 RP-ILD. The primary 
endpoint was one-year mortality.
Results: 51 patients with anti-MDA5 RP-ILD (female 67%; mean age 
at disease onset: 51 ± 11.6 years) were included. 32 patients (62.7%) 
required mechanical ventilation. 25 patients (49%) received PLEX. 
Baseline characteristics were not different between PLEX+ and 
PLEX− patients. PLEX+ patients received more immunosuppres-
sants and required more often mechanical ventilation (19 PLEX+ 
vs 13 PLEX−, p 0.05). One-year morality rate for PLEX+ and PLEX− 
patients was 64% and 42.6%, respectively. The Kaplan–Meier esti-
mated probabilities of one-year survival were similar for PLEX+ vs. 
PLEX− patients (Fig. 1).
Conclusion: Anti-MDA5 RP-ILD is associated with a high 1-year mor-
tality rate. The use of PLEX was not associated with a favorable out-
come. Further studies are needed to evaluate their efficacy.
Compliance with ethics regulations: Yes in clinical research.

Kaplan–Meier Curves for the 1-year mortality status according to plasma 
exchange status.
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Rationale: Spontaneous pneumomediastinum (SP), defined by the 
presence of air within the mediastinum without traumatic lesion, has 
been described during ARDS, even in the era of protective ventila-
tion. It has been also described in case series of COVID-19 with severe 
pneumonia in the absence of use of invasive mechanical ventilation. 
We aimed at describing the prevalence of spontaneous pneumomedi-
astinum during severe COVID-19 pneumonia, and at investigating its 
prognostic impact
Patients and methods/Materials and methods: We conducted a 
retrospective multicenter observational study in 4 French intensive 
care units (ICUs) between August 2020 and April 2021. All patients 
with laboratory-confirmed COVID-19 with severe pneumonia were 
included. Spontaneous pneumomediastinum was diagnosed either on 
chest X-ray or chest CT-scan. The primary endpoint was to estimate the 
prevalence of SP during COVID-19 with severe pneumonia. Second-
ary endpoints were to investigate the prognostic impact of SP, using a 
composite criterion named “complicated course” including mechanical 
ventilation or death at day-28.
Results: During the study period, 672 patients with COVID-19 with 
severe pneumonia were included. Thirty-two patients (5%) devel-
oped a SP after 9  days [4–-13] of COVID-19 onset. A pneumothorax 
was associated in 10 patients (31%). Two-third of patients (n = 21; 
66%) developed a SP after 6 days [4–12] of ICU admission, while they 
did not receive invasive mechanical ventilation (IMV). Finally, half of 
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these patients (n = 11/21) required IMV after 1  day [0–3] of SP diag-
nosis. Although the proportion of patients requiring IMV was similar, 
the time to tracheal intubation was longer in the patients with SP 
(6 days vs. 2 days; p < 0.01), with a significantly higher first-line use of 
high-flow nasal oxygen therapy or non-invasive ventilation, and more 
awake prone positioning sessions. Although there was no difference 
in “complicated course”, the length of stay in the ICU was significantly 
higher in the SP group (18 vs 9 days, p = 0.01).
Conclusion: Prevalence of SP was not uncommon, affecting nearly 5% 
of all patients admitted to the ICU. Nearly two third of SP occur before 
or in the absence of IMV. This suggests that, barotrauma secondary to 
invasive mechanical ventilation, does not appear to be preponderant 
in the occurrence of pneumomediastinum in COVID-19. Mechanism is 
potentially carried-out by patient self-inflected lung injury and hyper-
inflation secondary to a prolonged respiratory failure, as underlined 
by a longer delay before invasive mechanical ventilation. Presence of 
a pneumomediastinum should alert the clinician in a spontaneously 
breathing patient to its tolerance and the need to use a more protec-
tive ventilation.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Patients with a SARS-CoV-2 infection are at higher risk of 
Ventilator-Associated Pneumonia (VAP) and may have an increased 
Attributable Mortality (AM) and Population Attributable Fraction (PAF) 
of mortality related to VAP.
Patients and methods/Materials and methods: Using the REA-
REZO surveillance network, 3 groups of adult medical ICU patients 
were computed: control group (patients admitted between 2016 and 
2019), pandemic COVID-19 group (PandeCOV+), and pandemic non-
COVID-19 group (PandeCOV−) admitted during 2020. The primary 
outcome was the estimation of AM and PAF related to VAP in these 
patients. Using multi-state modeling with causal inference, the out-
comes related to VAP were also evaluated.
Results: A total of 64816 patients were included in the control group, 
7442 in the PandeCOV−, and 1687 in the PandeCOV+ . The incidence 
of VAP was 14.2 (95% CI [13.9;14.6]), 18.3 (95% CI [17.3;19.4]), and 
31.9 (95% CI [29.8;34.2]) VAP per 1000 ventilation-day, in each group, 
respectively. AM at 90 days was 3.15% (95% CI [2.04;3.43]), 2.91% (95% 
CI [− 0.21;5.02]), and 8.13% (95% CI [3.54–12.24]), and PAF of mortal-
ity at 90 days was 1.22% (95% CI [0.83;1.63]), 1.42% (95% CI [− 0.11–
2.61]), and 9.17% (95% CI [3.54;12.24]) for the control, PandeCOV−, 
and PandeCOV+ .groups, respectively. Except for the higher risk of 
developing a VAP, the PandeCOV− group shared similar VAP character-
istics with the control group. PandeCOV+ patients were at lower risk 
of death without VAP (HR 0.62, 95% CI [0.52;0.74]) and tended to have 
a higher risk of death after acquiring VAP (HR 1.07, 95% CI [0.86;1.33]) 
compared to the control group.
Conclusion: Patients admitted in ICUs during the pandemic, even 
without a diagnosis of COVID-19, were at higher risk of VAP. VAP attrib-
utable mortality was higher for COVID-19 patients, with more than 9% 
of the overall mortality related to VAP.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Vascular leakage is a major feature of SARS-CoV-2 induced 
acute respiratory distress syndrome (ARDS). Its levels are associated 
with mortality, which remains as high as 50%. FX06, a drug under 
development containing fibrin-derived peptide beta15–42, stabilizes 
cell-cell interactions, thereby reducing vascular leak and mortality in 
several animal models of ARDS. It was successfully used as a rescue 
therapy in a patient exhibiting a severe ARDS following EBOLA virus 
infection. The aim of this study was to evaluate the efficacy of FX06 in 
reducing vascular leakage during SARS-CoV-2 induced ARDS.
Patients and methods/Materials and methods: We conducted a 
double-blinded placebo-controlled multicenter trial. Patients receiv-
ing invasive mechanical ventilation for less than 5  days for a SARS-
CoV-2 induced ARDS were randomized to receive intravenous FX06, 
400 mg per day during 5 days, or its placebo, on the top of usual care. 
The primary endpoint was the reduction of pulmonary vascular leak-
age from day 1 to day 7, evaluated by transpulmonary thermodilution-
derived extra-vascular lung water index (EVLWi). All analyses were 
conducted on an intent-to-treat basis.
Results: After one consent withdrawal, 49 patients were enrolled 
and randomized, 25 in the FX06 group and 24 in the placebo group. 
Patients were very severe, with a median SAPS-II score of 57 [IQR 39; 
66], a median  PaO2:FiO2 ratio of 104 [69; 165], and a median static 
pulmonary compliance of 28  ml/cm of water [19; 35]. One third of 
them were equipped with veno-venous ECMO. Although EVLWi 
was elevated at baseline (15.6  ml/kg [13.5; 18.5]), the primary end-
point of its reduction from day 1 to day 7 was comparable between 
groups (− 1.9 ml/kg [− 3.3; − 0.5] in the FX06 group vs. − 0.8 ml/kg 
[− 5.5; − 1.1] in the placebo group, estimated effect − 0.8 [− 3.1; 2.4], 
p = 0.51). Cardiac index, pulmonary vascular permeability index, and 
fluid balance were also comparable between groups.  PaO2:FiO2 ratio 
remained low and comparable between groups. Duration of mechani-
cal ventilation and survival were also not affected by FX06 infusion, 
with 21 (84%) patients surviving at day 30 in the FX06 group and 17 
(71%) in the placebo group (p = 0.27). Adverse events rates were 
comparable between groups, although patients receiving the drug 
experienced more ventilator-associated pneumonia (16/25 vs. 6/24, 
p = 0.009).
Conclusion: In this trial FX06 failed to reduce the level of SARS-CoV-2 
induced pulmonary vascular leakage. Further studies are needed to 
evaluate its efficacy at earlier time points of the disease or using other 
dosing regimens.
Compliance with ethics regulations: Yes in clinical research.

CO‑48 
Quality of life and long‑term assessment of survivors 
after extracorporeal membrane oxygenation for severe acute 
respiratory distress syndrome due to COVID 19
CHOMMELOUX  Juliette1, VALENTIN  Simon2, ADDA Mélanie3, PINETON DE 
CHAMBRUN  Marc1, MOYON  Quentin1, MATHIAN  Alexis1, CAPELLIER  Gilles4, 
GUERVILLY  Christophe3, LEVY  Bruno2, JACQUET  Pierre5, SONNEVILLE 
 Romain5, VOIRIOT  Guillaume6, DEMOULE  Alexandre1, BOUSSOUAR 
 Samia1, BRECHOT  Nicolas1, LEBRETON  Guillaume1, BARHOUM Pétra1, 
LEFÈVRE  Lucie1, HEKIMIAN  Guillaume1, LUYT Charles-Edouard1, COMBES 
 Alain1, WINISZEWSKI  Hadrien4, SCHMIDT  Matthieu1

1Hôpital de la Pitié Salpêtrière, Paris, France; 2Centre Hospitalier Régional 
Universitaire de Nancy, Nancy, France; 3Hôpital Nord, Marseille, France; 
4Centre Hospitalier Régional Universitaire de Besançon, Besançon, France; 
5Hôpital Bichat, Paris, France; 6Hôpital Tenon, Paris, France 



Page 26 of 167Annals of Intensive Care  2022, 12(Suppl 1):54

Correspondence: Juliette CHOMMELOUX (juliette.chommeloux@gmail.
com)
Annals of Intensive Care 2022, 12(1):CO-48

Rationale: Mortality of COVID- related acute respiratory distress syn-
drome (ARDS) treated with ECMO did not differ from other ARDS in 
the first wave of the pandemic. However, ECMO duration and hospi-
tal length of stay were much longer. We aimed to assess the long-term 
quality of life (QoL) and mortality of patients COVID 19 who received 
ECMO.
Patients and methods/Materials and methods: Survivors after 
ECMO-treated ARDS from March to June 2020 in 7 French Intensive 
Care Unit (ICU) were followed up at 6 and 12 months after ECMO onset. 
Pulmonary (CT scan, pulmonary function test, St George score), physi-
cal (MRC and examination), and psychological were assessed. QoL was 
compared to the age-matched French population and patients with 
non-COVID ARDS treated with ECMO.
Results: Eighty out of 132 patients with ECMO were discharged alive 
during that period. Eighteen patients were lost to follow-up and were 
not included in our study. The 62 studied survivors were predomi-
nantly male, median age 47 [40–55] years, and have very few comor-
bidities except obesity (BMI 32 [28–36] kg/m2). ECMO and mechanical 
ventilation duration were 18 [11–25] and 36 [27–62] days, respectively. 
Besides, their ICU and hospital length of stay were 43 [33–62] and 85 
[29–112] days. At 1 year, only one patient was still in the hospital. Pul-
monary function tests were good at 6 months except for a persistent 
impairment of the DLCO. However, 75% of patients had fibrotic-like 
patterns on the CT scan at that time. QoL, assessed by the SF-36, was 
impaired compared with the French age-matched population, but also 
with non-COVID ARDS treated with ECMO. Noticeably, QoL did not 
improve at 1 year of follow-up. At 1 year, 44% and 42% of the patients 
had signs of anxiety and depression, respectively, whereas 42% of 
survivors had symptoms of post-traumatic stress disorder. Lastly, only 
38% of these patients returned to their initial work at 1 year.
Conclusion: Contrary to non-COVID ARDS, the long-term QoL of 
COVID patients treated with ECMO was still severely impaired at one 
year. Besides, a very large proportion of survivors still complained 
about anxiety, depression, and post-traumatic stress symptoms. These 
results emphasize the importance to integrate these young patients 
into customized, patient-centered, rehabilitation programs after ICU 
discharge.
Compliance with ethics regulations: Yes in clinical research.

Compared quality of life (SF-36) 6 and 12 months after ECMO for severe 
ARDS due to COVID 19 with non-COVID ARDS on ECMO and French-age 
matched population
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Rationale: Invasive mechanical ventilation (IMV) beyond 10 days is a 
relative contraindication to venovenous extracorporeal membrane 
oxygenation (VV-ECMO). Few studies have evaluated the prognosis of 
late VV-ECMO support in patients with acute respiratory distress syn-
drome (ARDS) due to SARS-CoV-2. The aim of our study was to evalu-
ate the characteristics and prognosis of patients supported with late 
VV-ECMO for refractory ARDS due to SARS-CoV-2.
Patients and methods/Materials and methods: It was a multicenter, 
retrospective, observational study that evaluated all patients assisted 
with VV-ECMO between July 2020 and December 2021 for refrac-
tory ARDS related to SARS-CoV-2. We compared the characteristics of 
patients supported with late VV-ECMO (beyond 10 days of IMV) with 
those supported with early VV-ECMO (< 10 days).
Results: Over the study period, 467 patients were hospitalized in 4 
intensive care units (ICU) for SARS-CoV-2 pneumonia. Among them 
54 patients with a median age of 51 (42;57) years had required 
VV-ECMO support (12%). Of the 54 patients, 11 had late VV-ECMO 
(20%) with a median implantation time of 11 [11–14] days after the 
beginning of IMV (Table 1). Late implanted patients were less obese 
(p = 0.02), they tended to have less diabetes mellitus (p = 0.09) and 
to have a lower simplified acute physiology score (SAPS) II (p = 0.12). 
At the time of VV-ECMO implantation, significant differences were 
observed with higher lactatemia in the early implanted group 
(1.8 mmol/L vs. 1.2 mmol/L, p = 0.02) and higher capnia in the late 
VV-ECMO patients (67  mmHg vs. 53  mmHg, p < 0.01). Vasopres-
sor support by norepinephrine was comparable between the two 
groups (p = 0.19). The in-ICU mortality was 56% without significant 
difference between the two groups (p = 1), even after adjustment 
for Respiratory Extracorporeal Membrane Oxygenation Survival Pre-
diction (RESP) score (p = 0.64) or SAPS II (p = 0.99).
Conclusion: Late VV-ECMO implantation in patients with refractory 
ARDS related to SARS-CoV-2 does not appear to be associated with an 
excess risk of mortality, provided that patients were selected on their 
clinical characteristics at ICU admission (past medical history, SAPS II) 
and their severity at the time of implantation (associated organ fail-
ures). These results are consistent with other studies concerning SARS-
CoV-2 associated ARDS [1,2]. The delay of IMV beyond 10 days should 
not be a contraindication to the implantation of VV-ECMO in patients 
with SARS-CoV-2 associated ARDS.
Reference 1: Olivier et al. Crit Care (2021) Prolonged time from intu-
bation to cannulation in VV-ECMO for COVID-19: does it really matter? 
25:385 https:// doi. org/ 10. 1186/ s13054- 021- 03800-5.
Reference 2: Hermann et al. Annals of Intensive Care (2022) Duration 
of invasive mechanical ventilation prior to extracorporeal membrane 
oxygenation… 12:6 https:// doi. org/ 10. 1186/ s13613- 022- 00980-3.
Compliance with ethics regulations: Yes in clinical research.
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Table 1: Selected characteristics at implantation of the whole population 
and univariate analyses between early (< 10 days of mechanical ven-
tilation) and late (beyond 10 days) VV-ECMO. Results are expressed as 
median ([Q25; 75] or number (%).
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Rationale: ECMO is currently part of care in severe acute respiratory 
distress syndrome (ARDS). Its use is frequently associated with pro-
longed deep sedation and neuromuscular blockades, that may lead to 
diaphragm dysfunction. This latter is associated with delayed mechan-
ical ventilation weaning and poor outcomes. Our study aims to assess 
the prevalence of diaphragmatic dysfunction in a large population of 
severe ARDS on veno-venous ECMO. We hypothesize that diaphrag-
matic dysfunction is frequent, severe, and associated with prolonged 
mechanical ventilation and poor outcomes in that severe population.
Patients and methods/Materials and methods: We conducted a 
prospective, observational study in two medical intensive care units. 
All patients with SARS-CoV-2 related ARDS requiring veno-venous 
ECMO were included from February 1 to September 31, 2021. Dia-
phragmatic function was daily assessed by measuring diaphragm 
pressure generation in response to phrenic nerve stimulation (Ptr,stim) 
from ECMO initiation until ECMO weaning.
Results: Sixty-three patients were included with a median age of 53 
(42–59) years old and after a median of 4  days (2–6) of mechanical 
ventilation. Diaphragmatic dysfunction upon inclusion (at day 1 of 
ECMO) was present in 38 patients (60%). Patients with diaphragmatic 
dysfunction at day 1 were older (55 years [43–60] vs. 48 years [40–55], 
p = 0.042) and had a higher LUS (Lung Ultrasound score as a surrogate 
of lung aeration loss) (26 vs. 24, p = 0.037). Diaphragmatic function did 
not significantly change over the study period (Fig. 1). 24 patients had 
a successful ECMO weaning, sixteen patients (67%) had diaphragmatic 
dysfunction the day of ECMO weaning. Besides, these patients had 
longer mechanical ventilation duration when compared to those with-
out diaphragmatic dysfunction (62.9 vs 41.7 days).
Conclusion: Diaphragmatic dysfunction is frequent in ARDS patients 
undergoing ECMO for SARS-CoV-2 infection. When present at ECMO 

day-1, diaphragmatic dysfunction did not seem to evolve over time. 
However, it was associated with a longer duration of mechanical venti-
lation in patients successfully weaned from ECMO.
Compliance with ethics regulations: Yes in clinical research.

Figure 1: Time course of diaphragmatic function from D1 to ECMO wean-
ing. Values are presented as medians with their standard deviations. The 
red line corresponds to the threshold of 11 cmH2O below which diaphrag-
matic dysfunction is defined.
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Rationale: Adjusting drug therapy under Veno-Venous Extra-Cor-
poreal-Membrane-Oxygenation (VV-ECMO) is challenging. Albeit 
impaired pharmacokinetics (PK) under VV-ECMO have been reported 
for sedative drugs and antibiotics, data about amiodarone are lack-
ing. We assessed the PK of amiodarone under VV-ECMO in  vitro and 
in vivo using a porcine model of cardiac arrest ongoing CPR previously 
injured with ARDS rescued by VV-ECMO.
Patients and methods/Materials and methods: In vitro: closed loop 
ECMO were used for studying amiodarone adsorption over a 120 min 
period versus a recipient control. Amiodarone bolus (100 and 300 mg) 
were studied. In vivo: ARDS was induced in 10 pigs. Animals were ran-
domly assigned to control or VV-ECMO groups. Amiodarone 300  mg 
was injected once CPR started and twelve blood samples were drawn 
over a 12  min period. Pharmacokinetic analysis was performed with 
non-linear mixed effects modelling.
Results: In  vitro study revealed a significant decrease in amiodar-
one concentrations after 10 min and a loss of 99.6% of amiodarone 
concentrations after 120  min. In  vivo pharmacokinetics revealed a 
significant decrease of Cmax, with 123.5  mg/L (109.5–150.0) ver-
sus 61.7 mg/L (55.3–80.3) in the control vs ECMO groups (p = 0.02), 
respectively without delaying time to peak concentration with 90  s 
(60–90) versus 90  s (75–90), respectively (p = 1). VV-ECMO signifi-
cantly modified central distribution volume and amiodarone clear-
ance. Monte-Carlo simulations predicted that amiodarone 600  mg 
bolus under VV-ECMO could achieve the AUC observed in the control 
group.
Conclusion: This is the first study reporting pharmacokinetics of ami-
odarone under VV-ECMO in an animal model. We found significant 
alterations of drug delivery. Higher amiodarone doses might be con-
sidered for efficient pharmacokinetics under VV-ECMO.
Compliance with ethics regulations: Yes in animal testing.
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Panel A: experimental protocol. Panel B: Visual Predictive Check for ami-
odarone model. Left panel: control group. right panel: ECMO group. Panel 
C: Monte Carlo simulations to reach amiodarone AUC Q1–Q3 in the con-
trol group.
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Rationale: Patients with severe heart failure may benefit from veno-
arterial extracorporeal membrane oxygenation vaECMO, which pre-
serves systemic blood flow. In addition, the vaECMO oxygenation 
membrane ensures blood oxygenation and  CO2 removal. In clinical 
practice, vaECMO patients may exhibit dyspnea despite adequate 
blood flow and the absence of blood gas abnormalities. Our objec-
tive was to evaluate, in vaECMO patients exhibiting significant dysp-
nea, the impact of an increase in sweep gas flow through the vaECMO 
membrane on dyspnea.
Patients and methods/Materials and methods: Patients with (1) 
vaECMO for cardiogenic shock and (2) a dyspnea ≥ 40  mm on a vis-
ual analog dyspnea scale (Dyspnea-VAS) from zero to 100  mm were 
included. Four conditions were studied: on inclusion and after three 
sweep gas flow increments of two liters per minute each. Dyspnea was 
assessed with the Dyspnea-VAS, the A1 score of the Multidimensional 
Dyspnea Profile and the Intensive Care Respiratory Distress Operating 
Scale (IC-RDOS). The respiratory drive was concomitantly assessed by 
the measure of the electromyographic activity of the Alea Nasi and 
parasternal muscles.
Results: We included 21 non-mechanically ventilated patients. Median 
(interquartile range) age was 40 years (30–55), 62% male and duration 
of ECMO was 3  days (2–4). Dyspnea-VAS was 50 (45–60) mm. Wein-
berg radiological pulmonary oedema score was 3 (0–5). Gas flow at 
inclusion was 1 L/min (0.5–2). Table  1 shows respiratory rate,  PaCO2, 
Dyspnea-VAS, A1 score and IC-RDOS across the four conditions.  PaCO2 
decreased in response to the 2-L-per-minute increase in sweep, but it 
ceased to decrease after 6  L. Dyspnea did not decrease immediately 

but was significantly lower after 6 L of increased sweep regardless of 
the assessment score. The electromyographic activity of Alea nasi and 
parasternal muscles decreased significantly after sweep gas flow incre-
ment. There was a significant inverse correlation between the Dysp-
nea-VAS and the sweep gas flow (Rho = − 0.68, p < 0.0001) but not 
between Dyspnea-VAS and  PaCO2 (Rho = 0.136, p = 0.236).
Conclusion: In critically ill patients with vaECMO, incrementation 
of sweep gas flow through the oxygenation membrane decreases 
dyspnea. It might be mediated by a decrease in respiratory drive, as 
suggests the concomitant decrease in respiratory rate and electromy-
ographic activity of respiratory muscles.
Compliance with ethics regulations: Yes in clinical research.

p < 0.05 compared to the Baseline condition, $ p < 0.05 compared to the 
+ 2 condition, £ p < 0.05 compared to the + 4 condition
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Rationale: Amniotic fluid embolism (AFE) is a rare but often cata-
strophic complication of pregnancy. The cardiopulmonary dysfunc-
tion associated with AFE being typically self-limited, venoarterial 
extracorporeal membrane oxygenation (VA-ECMO) support has been 
reported in the most severe forms. Data available on AFE rescued by 
VA-ECMO were mainly described in single-case reports and concern 
can be raised about the bleeding risks with ECMO in that context. 
The objectives of this retrospective study were to report outcomes 
of ECMO-treated AFE; to describe their critical care management and 
in-ICU complications; and to report long-term maternal health-related 
quality of life (HRQOL).
Patients and methods/Materials and methods: This study included 
patients with AFE, according to Clark diagnostic criteria (1), rescued by 
VA-ECMO and hospitalized in two ECMO centers between August 2008 
and February 2021. Clinical characteristics, peri-delivery resuscitative 
procedures and critical care management are detailed. Main outcome 
variables included survival to ICU discharge, days under ECMO ther-
apy, ECMO-associated complications, time on mechanical ventilation, 
ICU length of stay. ICU survivors were assessed for long term HRQOL 
during a phone interview in May 2021 by completing the Short-Form 
36 questionnaire and the Impact of Event Scale screening for Post-
Traumatic Stress Disorder (PTSD)-related symptoms.
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Results: During that 13-year study period, 10 patients with AFE were 
treated with VA-ECMO. Seven patients had a cardiac arrest before 
ECMO and two were cannulated under cardiopulmonary resuscita-
tion. Pre-ECMO hemodynamic was severely impaired with an inotrope 
score at 370 (55–1530) μg/kg/min, a severe left ventricular ejection 
fraction at 14 (0–40) %, lactate at 12 (2–30) mmol/L, SAPS II at 69 
(56–81) and massive blood transfusion requirement. 70% of these 
patients were alive at hospital discharge, 50% reported ECMO-related 
complications. Median durations of ECMO and mechanical ventila-
tion support were respectively 4 (1–6) and 5 (1–13) days. The median 
ICU length of stay was 12 (1–25) days. All infants survived. HRQOL 
was lower than age-matched controls and still profoundly impaired 
in the role-physical, bodily pain, and general health components after 
a median of 44 months follow-up (Fig. 1). Four out of seven patients 
returned to their initial work.
Conclusion: In this rare per-delivery complication, our results sup-
port the use of VA-ECMO despite extreme initial severity, intense dis-
seminated intravascular coagulation and ongoing bleeding. However, 
long-term physical and mental status were still impaired after long-
term evaluation. Future studies should therefore focus on customized, 
patient-centered, rehabilitation programs to improve HRQOL.
Reference 1: Clark SL, Romero R, Dildy GA, Callaghan WM, Smiley RM, 
Bracey AW, et  al. Proposed diagnostic criteria for the case definition 
of amniotic fluid embolism in research studies. Am J Obstet Gynecol. 
2016;215:408–12.
Compliance with ethics regulations: Yes in clinical research.

Comparison of SF-36 scores of AFE survivors treated by ECMO after a 
median follow-up of 40 months after ICU discharge and their age- and 
sex-matched control subjects, 84 venovenous ECMO-treated ARDS survi-
vors, and 32 septic shock rescued by VA-ECMO
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Rationale: Anti-melanoma differentiation-associated gene 5 antibody 
(anti-MDA5) dermatomyositis (DM) is a rare subtype of idiopathic 
inflammatory myopathy, associated with severe interstitial lung dis-
ease (ILD). A subset of anti-MDA5 DM patients with rapidly progressive 
ILD (RP-ILD) have a very poor prognosis with reported mortality rates 
reaching 80–84%. The use of extracorporeal life support (ECLS) is ques-
tionable, as reported in several studies that emphasize the futility of 
a bridge-to-recovery strategy. In this respect, emergency lung trans-
plantation of previously unlisted patients on ECLS is under debate.
Patients and methods/Materials and methods: This French, multi-
center, retrospective study, conducted from 2013 to 2021 included all 
patients with anti-MDA5 DM RP-ILD requiring ECLS.
Results: Fifteen patients requiring ECLS were included in the study: 
venovenous -ECMO n = 13, ECCO2R n = 1 and venoarterial-ECMO 
n = 1. The female-to-male ratio was 4 and the age at ICU admission 
was a mean of 50 [32–67] years. Two patients received ECLS sup-
port (1 ECMO VA, 1 ECMO VV) as a bridge-to-transplantation strat-
egy and both underwent ECLS before mechanical ventilation. Five 
patients underwent lung transplantation after a median of 8 [4-20] 
days on ECMO, none previously listed for a lung transplantation. After 
a median follow-up of 25 [3–93] months, all transplanted patients 
were alive at the conclusion of the study (four discharged home, one 
still hospitalized) and no relapse of DM or ILD was noted. All other 
patients, not listed for lung transplantation, died after a median of 30 
[4–52] days on ECMO (Fig. 1).
Discussion: The prognosis of anti-MDA5 RP-ILD seems inevitably 
poor despite aggressive immunosuppression and the use of ECLS. The 
results presented here provide crucial information for the manage-
ment of anti-MDA5 RP-ILD. First, we highlight the refractory nature of 
the anti-MDA5 RP-ILD requiring ECLS. No anti-MDA5 RP-ILD patient, 
irrespective of the treatment regimen they receive, including the 
most recent biologics such as JAK inhibitors, should be weaned from 
the ECLS. Second, every patient that could be bridge-to-transplan-
tation was discharged alive from ICU. None was previously listed for 
lung transplantation. Emergency lung transplantation was possible in 
patients treated with vasopressors, mechanical ventilation and ECLS.
Conclusion: The bridge-to-recovery strategy in anti-MDA5 RP-ILD 
patients requiring ECLS despite specific prior treatment leads to unde-
sirable results, pointing to the drawbacks of this approach. In contrast, 
a bridge-to-emergency lung transplantation is not only feasible, but 
also associated with a favorable outcome and appears therefore as the 
sole hope of survival for patients requiring ECLS.
Reference 1: Vuillard C, Pineton de Chambrun M, de Prost N, Guérin C, 
Schmidt M, Dargent A, et al. Clinical features and outcome of patients 
with acute respiratory failure revealing anti-synthetase or anti-MDA-5 
dermato-pulmonary syndrome: a French multicenter retrosp.
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Reference 2: Rubin J, Black KE, Hallowell RW, Witkin AS, Lydston M, 
Shelton K, et al. Veno-Venous Extracorporeal Membrane Oxygenation 
(ECMO) for Myositis-Associated Rapidly Progressive Interstitial Lung 
Disease (RP-ILD). CHEST [Internet]. 2021 Jul 16 [cited 2021 Jul 1].
Compliance with ethics regulations: Yes in clinical research.

Kaplan–Meier 120-days Survival Estimates according to lung transplanta-
tion status
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Rationale: Data concerning the association between time-period of 
ICU hospitalization and prognosis of patients admitted for coronavirus 
disease 2019 (COVID-19) are scarce. We aimed to describe the charac-
teristics and the outcomes over time of critically ill patients cared in 
ICU for COVID-19.
Patients and methods/Materials and methods: We conducted a 
retrospective cohort study using the French administrative health 
care database (Système National des Données de Santé, SNDS). All 
adult patient hospitalized in French ICUs from March 1, 2020, to June 
30, 2021 with at least one ICD-10 diagnosis code of COVID-19 was 
included. Three time-period corresponding to surge of COVID-19 ICU 
admission were defined: the first one between March 1, and June 30, 
2020; the second between July 1, and December 31, 2020; and the 
third from January 1, to June 30, 2021. Risk factors of mortality and 
invasive mechanical ventilation (iMV) were identified by multivariate 
logistic regression models.
Results: 105979 COVID-19 patients were admitted in ICU during the 
study period with respectively 25150, 32689, and 48140 patients dur-
ing the first, second, and third surge. First surge was remarkable with 
the highest proportion of iMV (42%, 32% and 31% for respectively 
surge 1, 2 and 3; p < 0.001), of renal replacement therapy (RRT) (9%, 7% 
and 5% for respectively surge 1, 2 and 3; p < 0.001) and use of vasopres-
sors (36%, 26% and 24% for respectively surge 1, 2 and 3; p < 0.001). 
Second wave was composed with older patients (respectively 50% of 
more than 70 years vs 41% for wave 1 and 3) and higher IGS-2 score 
at ICU admission (33 [26–42]). Multivariate model identified age, male 

gender, Charlson score, IGS 2 score and ICU admission after the first 
wave as risk factors of in-hospital death. After stratification on age, 
the odds ratios of in-hospital death were higher only in patients older 
than 70 years for the third wave (aOR = 1.30; 95% CI = 1.23–1.37) and 
the second wave (aOR = 1.15; 95%CI = 1.08–1.22), compared to those 
younger than 69 years old. During the third wave, 4971 (9%) patients 
had been vaccinated at ICU admission. Vaccination was associated 
with a lower likelihood of invasive mechanical ventilation (OR = 0.50, 
95% CI = 0.40–0.63) and death (OR = 0.74, 95% CI = 0.60–0.90).
Conclusion: Between March 2020 and July 2021, we reported a 
decline in iMV, vasopressors and RRT use for ICU patients admitted 
for COVID-19. Second and third wave were associated with in-hospital 
mortality for patients with 70 years and more. Finally, vaccination was 
associated with a lower likelihood of iMV and death.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The clinical outcomes of the Beta (B.1.351) variant of con-
cern (VOC) of the SARS-CoV-2 virus remain poorly understood. In early 
2021, northeastern France experienced an outbreak of Beta that was 
not observed elsewhere. This outbreak slightly preceded and then 
overlapped with a second outbreak of the better understood VOC 
Alpha (B.1.1.7) in the region. This situation allowed us to contempora-
neously compare Alpha and Beta in terms of the characteristics, man-
agement, and outcomes of critically ill patients.
Patients and methods/Materials and methods: A multicenter cohort 
study was conducted on all consecutive adult patients who had labo-
ratory confirmed SARS CoV-2 infection, underwent variant screening, 
and were admitted to one of four intensive care units for acute respira-
tory failure between January 9th and May 15th 2021. Primary outcome 
was 60-day mortality. Differences between Alpha and Beta in terms 
of other outcomes, patient variables, management, and vaccination 
characteristics were also explored by univariate analysis. The factors 
that associated with 60-day death in Alpha- and Beta-infected patients 
were examined with logistic regression analysis.
Results: In total, 333 patients (median age, 63 years) were enrolled. Of 
these, 174 and 159 had Alpha and Beta, respectively. The two groups 
did not differ significantly in terms of 60-day mortality (19% vs. 23%), 
need for mechanical ventilation (60% vs. 61%), mechanical ventilation 
duration (14 vs. 15 days), other management variables, patient demo-
graphic variables, comorbidities, or clinical variables on ICU admission. 
The vast majority of patients were unvaccinated (94%). The remaining 
18 patients had received a partial vaccine course and 2 were fully vac-
cinated. The vaccinated patients were equally likely to have Alpha and 
Beta.
Discussion: To date, this is one of the largest studies to compare 
the characteristics and outcomes of critically ill patients who were 
infected with either of two simultaneously circulating VOCs and 
who underwent similar treatment regimens in the same settings. A 
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recent meta-analysis suggests an increased mortality of Beta variant 
compared to wild type strain. Plus, the Beta and Delta variants were 
described as risker than the Alpha and Gamma variants (1). Never-
theless, none of the studies cited in the meta-analysis was specific to 
critically ill patient or compare variants with each other. Plus, the Beta 
variant proportion was quite low compared to other variants in these 
studies (Alpha particularly).
Conclusion: Beta did not differ from Alpha in terms of patient char-
acteristics, management, or outcomes in critically ill patients. Better 
understanding of these variants including ongoing and future ones is 
essential.
Reference 1: Lin L, Liu Y, Tang X, He D. The Disease Severity and Clini-
cal Outcomes of the SARS-CoV-2 Variants of Concern. Frontiers in Pub-
lic Health (2021) 9: https:// www. front iersin. org/ artic le/ 10. 3389/ fpubh. 
2021. 775224 [Accessed January 26, 2022].
Compliance with ethics regulations: Yes in clinical research.

Kaplan–Meier survival curves of the patients who were admitted to an ICU 
for an infection with Alpha or Beta (n = 333).
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Rationale: Vaccination reduces risk of infection, hospitalization and 
death due to SARS-Cov2. Vaccinated patients may experience severe 
SARS-Cov2 disease.
Patients and methods/Materials and methods: Multicenter cohort 
study of patients with severe SARS-Cov2 disease admitted in 15 inten-
sive care units in France between January and September 2021. Vacci-
nated patients were compared to a large European cohort of wave 2/3 
critically ill SARS-Cov2 patients.
Results: One hundred patients (68 (68%) men, median age 64 [57–
71]) were included. Immunosuppression was reported in 38 (38%) 
patients. Among available serology at intensive care unit (ICU) admis-
sion, 64% exhibited an optimal antibody level. Median SOFA score 
at ICU admission was 4 [4–6.25] and median  PaO2/FiO2 ratio was 84 
[69–128] mmHg. High flow nasal oxygen and non-invasive mechani-
cal ventilation were implemented in 79 (79%) and 18 (18%) patients, 
respectively. Mechanical ventilation was initiated in 48 (48%) with 
a median duration of 11 [5–19] days. During a median ICU length-
of-stay of 8 [4–20] days, 31 (31%) patients died. Age (OR 1.07 CI95% 
[1.00–1.13] per year, p = 0.035), and SOFA at ICU admission (OR 1.40 
CI95% [1.14–1.72] per point, p = 0.002) were independently associated 
with mortality. Vaccinated patients exhibited less frequently diabetes 
(16 [16%] vs. 351 [27%], p = 0.029) but more frequently immunosup-
pression (20 [20%] vs. 109 (8.3%), p < 0.0001), chronic kidney disease 
(24 [24%] vs. 89 (6.8%), p < 0.0001), chronic heart failure (16 [16%] vs. 
58 [4.4%], p < 0.0001), and chronic liver disease (3 [3%] vs. 8 [0.6%], 
p = 0.04) compared to unvaccinated patients. Despite similar sever-
ity, vaccinated patients required less frequently invasive mechanical 
ventilation at ICU-day 1 and during ICU stay (23 [23%] vs. 785 [59.7%], 
p < 0.0001, and 48 [48%] vs. 930 [70.7%], p < 0.0001, respectively). 
There was no difference concerning ICU mortality (31 [31%] vs. 379 
[28.8%], p = 0.76).
Conclusion: Severe SARS-Cov2 infection occurs post-vaccination 
essentially in patients with immunosuppression, chronic kidney, heart 
or liver failure. Age and disease severity are independently associated 
with mortality. Vaccination might inflect the disease course, even in 
critically-ill patients.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: SARS-CoV-2 infection leads to a broad spectrum of symp-
toms with a large inter-individual variability. Impaired interferon (IFN) 
type I response seems to be involved in patients with severe SARS-
CoV-2 infection. Auto-antibodies (auto-Abs) neutralizing type I IFN-
α2 and IFN-ω were found in 10% of severe COVID-19 cases compared 
with 0% in mildly or asymptomatic cases. Dertermining whether auto-
Abs neutralizing type I IFNs are associated with outcomes in critically 
ill patients with COVID-19 could lead to individualized therapeutic 
interventions.
Patients and methods/Materials and methods: We conducted a 
prospective multicentre study including 11 intensive care units (ICU). 
Patients hospitalized in ICU with proven SARS-CoV-2 infection and 
acute respiratory failure requiring oxygen or mechanical ventilation 
support were included. Our objectives were to compare the mortal-
ity of patients with versus without auto-Abs neutralizing type I IFNs, 
to assess the rate of positivity of auto-Abs and the factors associated 
with their positivity.
Results: 925 critically ill COVID-19 patients were included in the study 
between March 2020 and May 2021. Auto-Abs neutralizing type I IFN 
were found in 96 patients (10.3%): 78.3% had auto-Abs against IFN-α2, 
74% against IFN-ω and 12.5% against IFN-β. Baseline characteristics 
did not differ between patients with and without auto-Abs (Table 1). 
At ICU admission, positive patients required a higher  FiO2 (100% (70–
100) vs 90% (60–100), p = 0.01), and more frequently met the diagno-
sis criteria for the acute respiratory distress syndrome (92.7% vs 77.6%, 
p = 0.0005). Mortality at day 28 was not different between groups 
(18.7% vs 23.7%, p = 0.279). In multivariable analysis, age (adjusted 
odds ratio (aOR) = 1.06 [1.04–1.08], p < 0.001), SOFA score (aOR = 1.18 
[1.12–1.23], p < 0.001) and immunosuppression (aOR = 1.82 [1.1–3.0], 
p = 0.02) were associated with 28-days mortality, but auto-Abs posi-
tivity was not (aOR = 0.69 [0.38–1.26], p = 0.23). There was a non-
significant trend towards a higher proportion of men among positive 
patients (78 vs 70%) contrasting with the previous finding that auto-
Abs were almost uniquely detected in men (94%)1. Compared to 
women without auto-Abs, positive women were significantly younger 
(45 (24–62) vs 60 years (45.5–67.5)) and more frequently displayed an 
auto-immune background with more frequent positive anti-nuclear 
antibody (28% vs 4%, p = 0.003). They required more frequent invasive 
mechanical ventilation (71% vs 47%, p = 0.04) at ICU admission but 
28-days mortality was not different.
Conclusion: In ICU patients, auto-Abs against type I IFNs are present 
in 10% of patients but are not associated with higher 28 days mortal-
ity. Positive women seem to have an auto-immune background and 
more frequently required mechanical ventilation.
Reference 1: Bastard, P. et  al. Autoantibodies against type I IFNs 
in patients with life-threatening COVID-19. Science 370, eabd4585 
(2020).
Compliance with ethics regulations: Yes in clinical research.

Demographics and characteristics of patients with severe SARS-CoV-2 
infection (n = 925) at intensive care unit admission and ICU management 
and outcomes according to the presence of antibodies against type I IFNs
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Rationale: Assessing the prognosis of patients with SARS-Cov-2 
related pneumonia is fundamental in Emergency Department (ED) to 
manage the flow of patients. Previous cohort of patients highlighted 
that 1/3 of patients worsened after their admission. Standard scores 
and biomarkers used in ED are strongly associated with immediate 
severity but their prognostic performance to predict clinical course 
of patients is limited. COVID-19 leads to immunological impairment 
with lymphopenia, low expression of HLA-DR on monocytes and high 
neutrophil count. We evaluated the prognostic performance of immu-
nological parameters (circulating lymphocyte subsets, neutrophils and 
immature granulocytes, MO1 immature to M3 inflammatory stage 
based on CD16 and CD14 expression, and mHLA-DR) to anticipate the 
clinical evolution of undifferentiated COVID-19 patients in ED.
Patients and methods/Materials and methods: We conducted 
a prospective multicenter study during 5  months in two ED: one for 
exploratory cohort and one for consolidation. In addition to clinical, 
biological and radiological parameters, circulating lymphocyte sub-
sets, mature and immature granulocytes and mHLA-DR were analyzed 
using routine flow cytometry on the first blood sample. The primary 
endpoint was the non-deterioration determined by 3 clinicians who 
were blinded from cytometry results and defined from a composite 
criterion: (i) need for high flow oxygen, (ii) ICU admission, (iii) in-hos-
pital mortality related to SARS-COV-2, (iiii) readmission within 5 days. 
Sample size of 245 patients (estimated deterioration = 20%).
Results: 284 patients were analyzed (men = 56%; mean 
age = 63 ± 17 yrs; onset of symptoms 7 ± 4 days,  SpO2 = 95 ± 4%, res-
piratory rate = 23 ± 7  breaths/min) including 72 patients (25%) who 
were assigned to the deterioration group (high flow oxygen 86%, ICU 
admission 35%, in-hospital mortality 40%, readmission 8%). On the 
first series of 180 patients, among the 27 clinical and biological param-
eters tested, the 3 independent variables were P/F ratio (adjusted 
OR = 2.8, LCI = 1.2, UCI = 6.4, p = 0.014), lymphocyte count (adjusted 
OR = 4.2, LCI = 1.7, UCI = 10.2, p = 0.0019) and mHLA-DR (adjusted 
OR = 4.5, LCI = 2, UCI = 10.3, p = 0.0003). On the consolidating series of 
104 patients, the independent variables were also P/F ratio (adjusted 
OR = 9.2, LCI = 3, UCI = 19, p = 0.0001), lymphocyte count (adjusted 
OR = 4, LCI = 1, UCI = 16, p = 0.049) and mHLA-DR (adjusted OR = 4.1, 
LCI = 1.2, UCI = 13.7, p = 0.02). A score that included P/F ratio > 300, 
lymphocyte count > 1.1 G/L and HLA DR intensity > 15 000 reached 
100% of PPV for non-deterioration.
Conclusion: With the P/F ratio and the lymphocyte count, absence of 
DR loss on monocytes was strongly independently and robustly asso-
ciated with clinical non-deterioration. A simple predictive score ratio 
seems interesting to allow safe rule-out, over-triage reduction and 
better allocation of hospital resources.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Recent studies identified coronavirus disease 2019 (COVID-
19) as a risk factor for invasive pulmonary aspergillosis (IPA), with conflict-
ing data on prevalence and impact on patients’ outcomes. We aimed to 
determine the incidence and outcome of COVID-19 associated pulmo-
nary aspergillosis (CAPA) in mechanically ventilated COVID-19 patients.
Patients and methods/Materials and methods: We conducted a mul-
ticenter observational study. All Covid-19 patients admitted to 15 ICUs 
from Pays-de-la-Loire and Bretagne regions between February 1st 2020 
and December 31th 2020 and treated with mechanical ventilation were 
included. The main objective was to assess the incidence and mortality 
of CAPA in COVID-19 patients with acute respiratory distress syndrome 
(ARDS). Each case of CAPA reported by local investigators was reviewed 
by an adjudication committee of 3 independent experts. CAPA were 
diagnosed and graded according to the 2020 ECMM/ISHAM consensus 
criteria [1].
Results: Among the 15 participating centers, 2 (13%) had a screening 
strategy for Aspergillus in mechanically ventilated patients, while in the 
other 13 (87%) centers CAPA was investigated in case of respiratory dete-
rioration. During the study period, 644 mechanically ventilated patients 
were included (mean age 65 (SD 11) years-old; 523 (74%) men). Mean 
duration of mechanical ventilation was 21 (19) days and 90-day mortal-
ity rate was 34%. According to the EORTC criteria, 114 (16%) patients 
had underlying immunosuppression. Overall, 348 (49%) patients were 
treated with corticosteroids and no patients received Tocilizumab. Over-
all, 35 (5%) patients had proven/probable/possible CAPA. Among them, 
18 (3%) patients fulfilled the criteria for probable CAPA and 17 (3%) 
patients met the criteria for possible CAPA (3%). No case of histologi-
cally proven CAPA was reported. Patients with probable CAPA were 70 
(7) years-old and 4 (22%) were immunocompromised. Patients with pos-
sible CAPA were 68.64 (8.62) years-old and 3 (17.6%) were immunocom-
promised. Probable CAPA were diagnosed after 8 [4.25–21.75] days of 
mechanical ventilation and possible CAPA after 6 [1–10] days. At day-90, 
16 (46%) of the 35 patients with CAPA were dead. Among the 18 patients 
with probable CAPA, the mortality at day-90 was 55% (n = 10) and the 
duration of mechanical ventilation was 27 [18–33.5] days. Patients with 
possible CAPA had a mortality rate at day-90 of 35% (n = 6) and a dura-
tion of mechanical ventilation of 16 [13–23] days.
Conclusion: In our study, the incidence of IPA in ARDS-Covid-19 patients 
treated with mechanical ventilation was low, and only probable CAPA 
was associated with a higher mortality at day-90.
Reference 1: Koehler, Philipp, Matteo Bassetti, Arunaloke Chakrabarti, 
Sharon C A Chen, Arnaldo Lopes Colombo, Martin Hoenigl, Nikolay 
Klimko, et al. « Defining and managing COVID-19-associated pulmonary 
aspergillosis: the 2020 ECMM/ISHAM consensus criteria for research and 
clinical guidance. Lancet Infect Dis 2021; 21: e149–e162.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: While Intensive Care Units (ICU) have widely opened their 
doors to relatives, the presence of visiting children and adolescents 
in ICU remains a sensitive issue. In a desire to protect the child from a 
potentially traumatic environment, some units refuse or restrict visits 
to children (Laurent et  al., 2019). The aim of this study is to measure 
the psychotraumatic impact of a child’s visit to adult ICU and to iden-
tify the influence of the accompanying parent on the child’s visit.
Patients and methods/Materials and methods: This study was con-
ducted in six ICU with 22 children, 15 accompanying parents. The psy-
chotraumatic impact of the visit on the child was measured at 7 and 
30  days of the visit using the CRIES-8 (Children’s revised impact of 
event scale, CRIES-8). We also measured the anxiety-depression of the 
accompanying parent during the visit using the HADS (REF). We com-
plemented the quantitative approach with semi-structured interviews 
to capture the experience of the visit at 7 days.
Results: Of the 22 children included, 15 children were able to com-
plete questionnaires at 7 days of the visit and 21 at 30 days. At 7 days 
of the visit, 9 out of 15 children showed acute stress. One month after, 
9 out of 21 children suffered from a potential post-traumatic stress 
disorder. The thematic analysis shows that the visit is indeed disturb-
ing for most of children. However, children expressed that this visit 
was reassuring to them. Certain dimensions are identified as a source 
of distress and can explain the CRIES-8 scores: the absence of the hos-
pitalized parent, the distress of the accompanying parent, and the 
disruption of daily life. In the same sense, our study shows a positive 
trend correlation between the HADS scores of the accompanying par-
ents and the CRIES-8 score of the children (r2 = .24, p = .062) at 7 days. 
Thus, the higher the anxiety-depressive symptomatology of the par-
ents, the higher the acute stress symptomatology of the children 
tended to be.
Conclusion: More than the visit itself, these initial results show the 
importance of considering the visiting parent’s experience during the 
child’s visit.
Reference 1: Laurent A., Leclerc P., Nguyen S., Capellier G. (2019) The 
effect visiting relatives in the adult ICU has on children. Intensive Care 
Medicine. https:// doi. org/ 10. 1007/ s00134- 019- 05690-2.
Reference 2: Laurent A., Nguyen S., Leclerc P., Capellier G. (2020) 
L’enfant visiteur en réanimation adulte: vécu psychologique de la visite 
et dispositifs d’accompagnement. Pratiques psychologiques (2020).
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The perception of inappropriate care in end-of-life situa-
tions can be a source of conflict and burnout among caregivers. The 
purpose of this study is to describe caregivers’ perceptions of end-
of-life care in the surgical intensive care unit and intermediate care 
unit of our hospital before and after the implementation of thera-
peutic perspective meetings (TPMs).
Patients and methods/Materials and methods: Caregivers in the 
ICU were invited to participate in this survey before (August to Octo-
ber 2018) and after (August to October 2019) the implementation of 
TPMs. The “ethical decision-making climate” self-questionnaire was 
used. It explores 3 dimensions: working conditions, managerial skills 
and end-of-life decision making. Descriptive and analytical analyses 
were performed. This study was approved by the SFAR ethics com-
mission (opinion n° IRB 00010254-2017-133).
Results: The implementation of TPMs improved caregivers’ percep-
tion of the existence of regular meetings to discuss projects (2 vs 3, 
p < 0.0001) and the quality of care delivered (2 vs 3, p < 0.0026). TPMs 

improved caregivers’ perception of expressing disagreement with 
opinions or values (3 vs. 3, p = 0.02), nurses’ presence during end-of-
life interviews (3 vs. 3.5; p = 0.003) and nurses’ involvement in these 
decisions (2 vs. 3, p < 0.0001). The TPMs did not change caregivers’ 
perception on the medical team management, on the realization of 
formalized debriefings after a difficult care or end-of-life situation, 
on the temporality of end-of-life decisions or on the admissions of 
patients with minimal chances of recovery.
Conclusion: The implementation of TPMs has improved the percep-
tion of caregivers regarding communication between caregivers on 
patient management, particularly for end-of-life situations, and has 
encouraged the involvement of nurses in these decisions as well 
as their presence during interviews with the families. There was no 
impact on perceptions of the temporality of end-of-life decision-
making or on admissions of patients with minimal chance of recov-
ery. Further studies are needed to assess the impact of TPMs on the 
prevalence of conflict, risk of burnout, and quality of care delivered.
Reference 1: Piers et coll., JAMA, 2011.
Reference 2: Bo Van den Bulcke et coll. BMJ, 2018.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Intensive care professional societies have issued policy 
recommendations regarding Wh&Wd decisions that consistently 
classify them as ethically equivalent and ethically neutral insofar 
as they correspond to “passive” actions. However, on the ground 
some are perceived as more “active” than others most notably Wd as 
opposed to Wh decisions. Recent studies also show that there is a 
personal “variability” in the way such decisions are made, and that 
further investigation is needed. Therefore it seemed necessary to 
explore intensivists’ differential ethical perceptions about Wh&Wd 
decisions and the ethical reasons underlying their spontaneous 
judgments.
Patients and methods/Materials and methods: A qualitative retro-
spective and multicentered study was initiated in 7 AP-HP intensive 
care units. In-depth interviews were conducted with 39 intensivists 
of different age groups and levels of professional experience, and 
with 5 department heads. We used an inductive (“grounded theory” 
inspired), multidisciplinary clinical ethics approach, aimed at eliciting 
and retrieving practitioners’ ethical intuitions about different Wh&Wd 
decisions. Interview transcripts were analyzed using a “thematic analy-
sis” approach.

https://doi.org/10.1007/s00134-019-05690-2
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Results: Practitioners’ perceptions of Wh&Wd decisions vary along 
two continuous dimensions: “active”/passive and ethically prob-
lematic/unproblematic. Three groups have been identified and 
described: those who tend to consider Wh&Wd decisions (1) as pas-
sive and unproblematic, (2) as active and problematic, and (3) as 
active and unproblematic. More interestingly, these groups are differ-
ently correlated with three other ethically relevant variables: the role 
of consensus during the collegial procedure, the difference between 
withholding and withdrawing decisions, and the definition of one’s 
own overarching goal as professional.
Discussion: The study results confirm what is now called practitioners’ 
“variability” and the moral complexity of Wh&Wd decisions. Moreover, 
it shows that, contrary to the “moral neutrality” doctrine, practition-
ers consider different Wh&Wd decisions as more or less morally prob-
lematic along a continuum from passive to “very active”, although 
Wd&Wh practices are mostly described as different from euthanasia. It 
also shows that practitioners’ “variability” does not simply correspond 
to sociological variables which could be easily erased, but has deep-
seated ethical roots.
Conclusion: Practitioners’ perception and ethical reasons about 
Wh&Wd decisions have never been analyzed in depth. Our results 
allow for the recognition of intensivists’ moral distress about Wh&Wd 
decisions, and open up new perspectives to deal with their deep-
rooted variability, most notably by working on the rationale and for-
mat of the collegial procedure.
Reference 1: Nadig, N. R., & Ford, D. W. (2019). A Consensus: Everyone 
Agrees Collectively but No One Believes Individually. Critical care med-
icine, 47(10), 1470–1472.
Reference 2: Wilkinson, D. J., & Truog, R. D. (2013). The luck of the 
draw: physician-related variability in end-of-life decision-making in 
intensive care. Intensive care medicine, 39(6), 1128–1132.
Compliance with ethics regulations: N/A.
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Rationale: In the Intensive Care Unit (ICU), patient-to-nurse ratio is 
associated with patient outcomes but little is known about the habit 
among staff members of working together. The goal of present study 
is to investigate the role of nursing team composition on patient ICU 
mortality.
Patients and methods/Materials and methods: Retrospective mul-
ticentre observational study in eight adult ICUs from the Greater Lyon 

area in France, analysing all patients present between January 1st 
2011 and December 31st 2016. The team composition was evaluated 
using the familiarity among the ICU caregivers, which was measured 
by shift (from 7:00 am to 6:59 pm and from 7:00 pm to 6:59 am) as the 
mean number of previous collaborations between each nursing team 
member during previous shifts within the given ICU. Suboptimal col-
laboration was defined as less than 50. The patient-to-nurse ratio and 
patient-to-auxiliary nurse ratio were also considered (suboptimal ratio 
defined as higher than 0.5 and 0.25, respectively), as well as individual 
length of experience in ICU for every caregiver (suboptimal defined as 
less than 400 previous shifts with collaboration). The primary outcome 
was inpatient death at the time of ICU discharge, excluding patients 
for whom a decision to forego life-sustaining therapy was made. Inpa-
tient death during the shift at admission was secondarily considered. 
A multiple Poisson regression was computed to identify the deter-
minants of ICU mortality per shift, taking into account the ICU site, 
patients’ characteristics, and caregivers’ workload.
Results: A total of 43,479 patients were admitted to the ICUs of whom 
3,311 (7.6%) died, corresponding to 8.8% shifts (3,101/35,072) with 
at least one death. The adjusted model showed an increased risk of 
patient mortality during shifts exposed to suboptimal team familiar-
ity lower than 50 previous collaborations (Relative Risk 1.06, 95% Con-
fidence Intervals [1.04–1.09]) and simultaneously with suboptimal 
patient-to-staffing ratio (RR 1.13, IC95% [1.07–1.19]). Suboptimal team 
composition reflected a total of 172 [116–241] shifts with potentially 
avoidable death, corresponding to 7.5% of all ICU shifts with occur-
rence of inpatient death. The risk of death at admission was also higher 
in case of suboptimal team composition (RR 1.27, IC95% [1.13–1.43]).
Conclusion: In conclusion, the familiarity between ICU nursing staff 
is significantly associated with inpatient death additionally to patient-
to-caregiver ratio. Improving team composition should be a manage-
ment goal in ICU.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Physicians play an important role in controlling health 
care spending, by prescribing more or less expensive treatments. 
The aim of this study was to evaluate the knowledge of health care 
workers of the cost of the treatments they daily use in ICU.
Patients and methods/Materials and methods: We conducted 
a prospective, multicenter, volunteer-based study. A survey was 
delivered and completed anonymously by healthcare workers 
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(HCWs) of four French ICUs, three university affiliated and one non-
university affiliated. The survey proposed to estimate the price of 37 
treatments frequently used in critical care. Cost estimations were 
expressed as percentage of the real cost; an estimation was consid-
ered correct if it was ± 50% of the true prices
Results: 158 HCWs answered to the survey, including 75 nurses 
and 82 physicians. Medical staff was composed of 36 seniors and 
45 juniors. Median age of the respondents was 29 [25–36] years. 
They provided 5798 answers. Only 18% of estimations were within 
50% of the real cost. In univariate analysis, Medical staff was more 
likely to respond correctly than nurses, with 20% vs. 16,8% of cor-
rect cost estimations (p = 0,001). Unsurprisingly, among the medi-
cal staff, seniors were better at evaluating the prices than juniors, 
with 22,58% of good answers vs. 18,3% p = 0,0051. There was no 
difference between university affiliated and non-university affiliated 
hospital’s HCWs. Antibiotics were the most often well estimated 
treatments, with 25% of correct estimations, followed by fluids 
(24%), vasopressors (19%), sedative drugs (14%), chemotherapy 
and immunosuppressive treatments (13%). Interestingly, the most 
expensive treatments prices were under evaluated whereas the 
cheapest ones were overvalued. For example, median estimation of 
the cost of eculizumab was only 9 [2.5–29]% of its real price.
Conclusion: ICU health care workers have a poor knowledge of the 
price of treatments frequently used in the ICU.
Compliance with ethics regulations: N/A.
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Rationale: In order to improve antibiotic’s use, strategies, such as 
stewardship programs, have been developed. However, their efficacy 
remains flawed and antibiotics remain overused. One of the reasons 
lies in subjective determinants of the prescription. The aim of our 
study is to explore personal, social, cultural and contextual factors that 
can influence antibiotic prescribing behaviour in the ICU.
Patients and methods/Materials and methods: For this nation-wide 
study, we designed a questionnaire to explore 4 domains that may 
influence antibiotic prescription: demographic characteristics, knowl-
edge and medical practice, social interactions, and psychological fac-
tors. The questionnaire was distributed to all ICUs in France through a 
personal email sent to the head of each ICU, asking them to send the 
questionnaire to doctors and residents of their team. Two reminders 
were sent, at 2 and 4 months.
Results: We received 803 responses (55% senior physicians, 15% fel-
lows, 5% academic physicians and 25% residents). Primaries specialties 
was anesthesiology (47%), medical specialty (38%), emergency medi-
cine (8%) and intensive care (DESMIR, 7%). Fifty-two percent worked 
in university hospitals, 41% had a combined activity. The population 
is comparable to the global demography in French ICUs (1). A large 
majority (84%) of the respondents felt concerned by antibiotic resist-
ance, but 45% didn’t believe that a restrictive use could decrease it. 
Only 54% of the responders shared the statement “we must always 
seek the narrowest spectrum”. The decision to not initiate an antibiotic 
treatment was perceived as more difficult that initiating, adapting of 
interrupting it (p < 0.0001). For 85% of the responders, antibiotic pre-
scription is a team decision. However, 30% declare that they don’t 
ask any advice and 22% report a large variability within their team. 
Twenty-two percent of the responders don’t hesitate to modify a pre-
scription of their college and 13% of their boss if considered inappro-
priate. Seventy-eight percent of the responders consider themselves 

as “restrictive prescribers”. More academic physicians, senior physicians 
and physician having validated the subspecialisation in intensive care 
(DESC) declared themselves as “restrictive prescribers”, whereas more 
residents declared themselves “liberal prescribers”. Analysis of these 
“liberal prescribers” reveals that they are significantly more inexperi-
enced, anxious and insecure, with a limited ability to take a step back.
Conclusion: This work confirms that subjective determinants hinder 
reasoned antibiotic prescribing. Factors such as prescriber anxiety 
and lack of self-confidence, linked in particular to a lack of knowl-
edge, stand out. The fear of missing a septic etiology pushes the 
physician to prevail the short-term benefit taking over the long-term 
consequences.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The gold standard method proposed to detect and meas-
ure airway opening pressure (AOP) in patients with acute respiratory 
distress syndrome (ARDS) requires a low-flow insufflation (i.e., 5  L/
min). This ensures that the resistive pressure is negligible but might 
potentially be poorly tolerated. Theoretically, during usual constant 
flow insufflation (i.e., 30 to 60  L/min), the delta pressure comprised 
between the PEEP and the first inflection point of the airway pres-
sure waveforme, subsequently called “conductive pressure”, comprises 
resistive pressure and potential AOP (Fig. 1). We assessed the accuracy 
and tolerance of calculating AOP as the conductive pressure minus 
resistive pressure during usual constant flow insufflation. We also 
assessed an automated computer-based detection of AOP.
Patients and methods/Materials and methods: AOP was measured 
in ARDS patients using three different methods: 1: gold standard: low-
flow insufflation (5  L/min); 2: visual waveform analysis during stand-
ard ventilation with a constant flow rate of 30 and 60 L/min: AOP was 
identified as the conductive pressure minus the resistive pressure; 3: 
automated computer-based detection of the rupture of the airway 
pressure slope. We compared methods 2 and 3 to the gold standard 
and collected the lowest  SpO2 during each measurement to assess the 
tolerance.
Results: 25 ARDS patients were included so far, of whom 13 (52%) 
had an AOP > 5  cmH2O with a median value of 7  cmH2O [6–8]. AOP 
obtained by visual waveform analysis during ventilation with usual 
flow rate showed a very strong correlation with reference value 
(r = 0.8 at flow 30  L/min and r = 0.93 at flow 60  L/min, p < 0.001, 
Fig. 1). Bland–Altman plot for visual waveform analysis at 60 L/min 
showed a bias of 0.08 with agreement limits between −  1.87 and 
2.03   cmH2O. AOP obtained by computer-based detection showed 
a strong correlation with reference value (r = 0.66 at 30  L/min and 
r = 0.70  L/min, p < 0.001) but with a trend toward overestimation 
of AOP. Visual or computer-based waveform analysis during venti-
lation with usual flow rate was better tolerated than gold standard 
method (decrease in  SpO2: −  0.5% [−  2–0] and 0% [−  2–0] at 30 
and 60  L/min respectively versus −  2% [−  4.8 to −  1] at 5  L/min, 
p < 0.001).
Conclusion: These preliminary data suggest that measuring AOP is 
feasible at standard insufflation flow rate with a simple, quick and safe 
method based on visual inspection of airway pressure waveform.
Compliance with ethics regulations: Yes in clinical research.
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Figure 1: Spearman correlation between AOP obtained by visual wave-
form analysis during standard ventilation at 60 L/min and gold standard 
at low-flow insufflation (full line: linear regression line).
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Rationale: ARDS is a heterogeneous syndrome involving differ-
ent phenotypes with distinct clinical and outcome characteristics. 
Low flow pressure volume (PV) curve reflects the global behavior of 
the lungs and can be misleading in ARDS. With Electrical Impedance 
Tomography (EIT) it is possible to measure the distribution of ventila-
tion in each lung in order to describe asymmetrical lung injury. Moreo-
ver, each lung respiratory mechanic and PV curve can be assessed with 
an EIT derived method. In the present study, we hypothesized that 
some patients may have asymmetrical ARDS where EIT would provide 
different information from those obtained from global P-V curves.
Patients and methods/Materials and methods: Prospective study 
(NCT04386720). We recorded the low flow PV curve without PEEP of 
the ventilator in order to assess airway closure and the recruited vol-
ume.1 AT the same time with EIT we analyzed the derived PV curves 
of each lung.2 A difference of tidal ventilation of at least 20% between 
the 2 lungs was considered as asymmetrical ARDS. We compared res-
piratory mechanic between the 2 lungs in patients with asymmetrical 
ARDS.
Results: We analyzed 26 patients, 18 patients had asymmetrical lung 
injury, the most injured lung received 28.5 ± 8.0% of the tidal ven-
tilation, its compliance was significantly lower than the less injured 
lung: 11.9 ± 7.8 vs 28.8 ± 14.3  ml   cmH2O-1p < 0.0001 respectively. 
Thirteen patients had airway closure with an airway opening pres-
sure > 4   cmH2O; Global PV curve AOP was 6.6 ± 3.4   cmH2O, similar to 
the less injured lung with 6.6 ± 3.3   cmH2O, whereas the most injured 
lung had a significantly higher AOP of 10 ± 3.9, p = 0.003. The PEEP 
recruited volume  VREC was significantly lower in the most injured 
lung: 67 [43–123] vs 120 [57–225] ml, p = 0.015. The compliance of 
the recruited lung (Crec) in the more injured lung was not different 
from the less injured 22.0 [5.6–32.3] vs 24.0 [11.8–41.0] ml.cmH2O−1 
respectively, p = 0.460.
Conclusion: EIT can show asymmetrical ARDS and assess respiratory 
mechanic of each lung. Personalizing ventilator management in asym-
metrical lung injury entails assessing each lung-specific risk of VILI with 
repeated opening and collapse of the most injured lung and overdis-
tension in the less injured lung. A specific compromise between PEEP 

and VT in asymmetrical ARDS could attenuate these opposite risk of 
VILI.
Reference 1: AJRCCM 2018 197:132–136.
Reference 2: AJRCCM 2021;203:511–515.
Compliance with ethics regulations: Yes in clinical research.

Airway Opening Pressure measured with EIT in each lung
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Rationale: Lung potential for recruitment of COVID-19 ARDS is a mat-
ter of debate, and may be patient-dependent, favoring individualiza-
tion of PEEP setting. PEEP selection in severe COVID-19 patients under 
ECMO may be more challenging as no study has assessed recruitment 
potential in this setting. The aim of the study was to compare poten-
tial for recruitment and the impact of PEEP on lung aeration with com-
puted tomography (CT) in moderate, severe without ECMO and severe 
under ECMO ARDS patients.
Patients and methods/Materials and methods: We conducted a 
two-center prospective observational study in adult COVID-19 related 
ARDS patients who had an indication for CT. Main exclusion criteria 
were ARDS onset > 72 h in non-ECMO patients or ECMO onset > 72 h. 
Four low-dose CT acquisitions were performed at both end-expiration 
and end-inspiration at PEEP selected by attending physician, and at 
end-expiration at both PEEP 5 and 15  cmH2O.
Results: 99 patients (76% male, age 62 [54–71] year) were included, 
of whom 24 had severe ARDS under ECMO, 59 severe ARDS with-
out ECMO and 16 moderate ARDS. ECMO patients were ventilated 
with significantly lower tidal volume (1.0 [1.0–1.0] vs 6.0 [5.9–6.0] ml/
kg predicted body weight (PBW) and higher PEEP (15 [13–15] vs. 10 
[5–10]  cmH2O. The median amount of recruitable lung between PEEP 5 
and 15  cmH2O was 6.2 [4.0–9.9]% of lung weight, and tidal hyperinfla-
tion amounted to 0.3 [0.1–1.0] ml/kg PBW. Tidal hyperinflation > 1 ml/
kg PBW was observed in 19 (25%) non-ECMO patients and 0 (0%) 
ECMO patients. Non-inflated lung at PEEP 5 was significantly greater 
in ECMO than in non-ECMO patients (Fig.  1). End-expiratory aerated 
lung volume (EELV) at PEEP 5 was significantly lower in ECMO patients. 
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Recruitment induced by PEEP increase from 5 to 15   cmH2O was not 
significantly different between groups, while PEEP-induced hyperinfla-
tion was significantly lower in the ECMO group and virtually inexistent. 
Tidal hyperinflation was significantly lower in ECMO patients. Compli-
ance of the aerated lung between 5 and 15  cmH2O corrected for lung 
recruitability (CompliancePEEP5-15) was significantly lower in ECMO 
patients and was independently related to lung aeration at PEEP5 in 
multivariate analysis.
Conclusion: Lung recruitability of COVID-19 pneumonia is not signifi-
cantly different among class of ARDS severity. ECMO patients exhibits 
lower hyperinflation levels of already aerated lung with PEEP increase 
from 5 to 15   cmH2O, as a consequence of compliance decrease of 
the baby lung at low end-expiratory lung volume. This suggests that 
PEEP higher than 15 could be safely applied in COVID-19 severe ARDS 
ECMO patients.
Compliance with ethics regulations: Yes in clinical research.

Figure 1

CO‑70 
Physiological effects of positive end‑expiratory pressure titration 
strategies based on electrical impedance tomography in patients 
with COVID‑19 associated acute respiratory distress syndrome
COURTAIS  Antonin1, CHEAN  Dara1, PAVLOVSKY  Bertrand1, LESIMPLE 
 Arnaud1, RICHARD Jean  Christophe1, MERCAT  Alain1, BELONCLE François1

1CHU Angers, Angers, France 
Correspondence: Antonin COURTAIS (courtais.antonin@gmail.com)
Annals of Intensive Care 2022, 12(1):CO-70

Rationale: Electrical Impedance Tomography (EIT) allows to provide 
an imaging of the gas distribution in the lung during ventilation. Vari-
ous EIT-based strategies have been proposed to titrate positive end-
expiratory pressure (PEEP) in patients with acute respiratory distress 
syndrome (ARDS). This study aimed to compare the physiological 
effects of two distinct EIT-based and one respiratory system mechan-
ics-based PEEP titration strategies.
Patients and methods/Materials and methods: It was a randomized 
cross-over monocentric study. Patients with moderate to severe 
COVID-19 associated ARDS were enrolled within 72  h after intuba-
tion. Patients were ventilated in volume-controlled ventilation (tidal 
volume = 6  mL/kg predicted body weight). A decremental PEEP trial 
(PEEP from 20 to 5  cmH2O by steps of 3  cmH2O every 3 min) was per-
formed in order to determine the PEEP levels associated with i the low-
est Global Inhomogeneity index with a plateau pressure lower than 
30   cmH2O (GI strategy) ii a percentage of collapsed lung tissue lower 
than 15% and the lowest hyperdistension percentage (OD-CL strat-
egy) and iii with a plateau pressure between 28 and 30  cmH20 (Express 
strategy). The PEEP level determined according to the three tested 
strategies was then applied in a randomized order (three periods of 
45  min). Gas exchange, respiratory mechanics including airway and 

esophageal pressure measurements, hemodynamic and gas distribu-
tion using EIT were assessed at the end of each period.
Results: Twenty patients have been included in the analysis. PEEP 
levels determined by the OD-CL strategy were lower than those deter-
mined by GI and Express strategies (median [interquartile range], 11 
[8–14]   cmH2O, 20 [17–20]   cmH2O, 17 [15–18]   cmH2O, respectively, 
p < 0.001).  PaO2/FiO2 ratio was higher with GI and Express strate-
gies compared to OD-CL strategy (173 [133–224]  mmHg, 158 [135–
203] mmHg, 137 [113–172] respectively, p < 0.001). Respiratory system 
compliance and cardiac output (CO) did not differ between the three 
PEEP titration strategies. The expiratory transpulmonary pressure was 
≤ 2  cmH2O in seven patients (35%) with OD-CL strategy and three with 
Express and GI strategies (p = 0.2). The inspiratory transpulmonary 
pressure calculated according to the elastance ratio was > 22 cmH2O 
in four patients with OD-CL strategy and five patients (25%) with 
Express and GI strategies (p = 0.9).
Conclusion: OD-CL strategy lead to lower PEEP levels than the Express 
and GI strategies. OD-CL strategy is associated with decreased oxygen-
ation but similar respiratory mechanics and hemodynamic parameters.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The Acute Respiratory Distress Syndrome (ARDS) is char-
acterized by an important Ventilation-Perfusion (V/Q) mismatch. By 
recruiting the collapsed lung areas, Positive End Expiratory Pressure 
(PEEP) may enhance V/Q coupling, by decreasing shunt and allowing 
a redistribution of ventilation through perfused regions. We hypoth-
esized that higher PEEP may improve V/Q mismatch in ARDS patients 
with highly recruitable lungs.
Patients and methods/Materials and methods: We enrolled fif-
teen patients with moderate or severe ARDS in this study, within 2 
[2–5] days from intubation. Two PEEP levels (5 and 15   cmH2O) were 
applied in a random order. Gas exchange and respiratory mechanics 
were assessed at each step. V/Q mismatch was evaluated by the Elec-
trical Impedance Tomography (EIT) 5% NaCl bolus method at each 
PEEP level. Respective fractions of ventilation and perfusion across all 
V/Q ratios were built, leading to precise assessment of their distribu-
tion throughout different V/Q mismatch compartments. The amount 
of wasted ventilation and perfusion were computed according to 
this model as follows: sum of (log(V/Q)  * V or Q), for all pixels in the 
functional EIT image within each ROI, including only units with V/Q 
ratio < 1 and > 1, respectively for wasted ventilation and wasted perfu-
sion. Recruitment between the two PEEP levels was measured by the 
recruitment-to-inflation ratio (R/I) method.
Results: Median age was 60 [48–68]  years, and body mass index 
27.3 [25.7–35.4]  kg.m−2. Between PEEP 5 and 15  cmH2O,  PaO2/FiO2 
increased from 125 [69–194] to 162 [90–198]  mmHg (p = 0.011), 
while  PaCO2 decreased, albeit non significantly (49.8 [42.0–61.0] vs. 
48.0 [42.0–52.1]  mmHg, p = 0.403). Respiratory system compliance 
remained stable (36 [25–50] vs. 32 [24–42]  mL.cmH2O−1, p = 0.164). 
Patients were characterized by an elevated lung recruitability (R/I ratio 
1.29 [1.01–1.53]). In the global population V/Q mismatch improved, as 
shown by the mean distributions of ventilation and perfusion fractions 
(Figure, panel A). Both wasted ventilation (17 [14–20] vs. 14 [10–18] %, 
p = 0.109) and wasted perfusion (16 [13–22] vs. 14 [9–17] %, p = 0.005) 
decreased at higher PEEP levels. There was a correlation between the 
R/I ratio and the amount of decrease in both variables from PEEP 5 to 
15  cmH2O (Figure, Panel B and C).
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Conclusion: In patients with highly recruitable lungs, V/Q mismatch 
is improved by higher PEEP levels. This effect is correlated with lung 
recruitability.
Compliance with ethics regulations: Yes in clinical research.

Distribution of the fraction of ventilation (blue) and perfusion (red) across 
all V/Q ratios at PEEP 5 and 15 cmH2O (A). Correlations between R/I ratio 
and the improvement in Wasted Ventilation (B) and Perfusion (C) between 
PEEP 5 and 15 cmH2O.
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Rationale: After a successful spontaneous breathing trial (SBT), recon-
nection to mechanical ventilation for 1  h is associated with lower 
reintubation rates than direct extubation1. However, physiological 
explanations leading to this clinical effect remain unclear. We hypoth-
esized that reconnection to mechanical ventilation for 1  h after a 
successful SBT induces alveolar recruitment. Our primary aim was to 
compare end-expiratory lung volume (EELV) at the end of a successful 
SBT and 1 h after reconnection to mechanical ventilation.
Patients and methods/Materials and methods: This is an ancillary 
study of a multicenter randomized controlled trial comparing T-piece 
versus pressure-support (pressure support of 8   cmH2O without posi-
tive end-expiratory pressure) for SBT before extubation. All patients 
included were at high-risk of extubation failure, i.e. intubated at least 
24  h and older than 65  years or having underlying chronic cardiac 
or lung disease.2 In this physiological single-center study, EELV was 
measured using the nitrogen washin-washout technique before the 
SBT under mechanical ventilation, at the end of the SBT, and then 
10 min, and 1 h after reconnection to mechanical ventilation. Regional 
ventilation using electrical impedance tomography was continuously 
recorded during the study. SBT was performed for around 1  h using 
T-piece or low pressure-support levels according to the randomization.
Results: From the 25 patients analyzed, 11 (44%) had SBTs performed 
using T-piece and 14 (56%) using pressure-support. Median age was 
71 years [interquartile range 67–75] and duration of mechanical ven-
tilation was 8  days [4–13]. All in all, median EELV was 1938  mL [IQR, 

1370–2514] before SBT and decreased by 30% [95 CI, 23–37] at the end 
of the SBT (p < 0.001). The decrease in EELV at the end of the SBT was 
greater using T-piece than using pressure-support (decrease by 43% 
[95% CI, 35–51] vs. 20 [95% CI, 13–26], p < 0.001). EELV significantly 
re-increased from 1305 mL [IQR, 1074–1703] at the end of the SBT to 
1927  mL [IQR, 1377–2470] after 1  h of reconnection to mechanical 
ventilation (mean difference of 587  mL [95% CI, 406–767], p < 0.001). 
After only 10  min of reconnection to mechanical ventilation, 101% 
[95% CI, 64–137] of this increased EELV had already been recovered. 
Regional ventilation was mainly distributed in the non-dependent 
lung regions and did not differ between T-piece and pressure-support.
Conclusion: SBT induced a marked alveolar derecruitment which 
was significantly greater after SBT using T-piece than using pressure-
support. This lung volume loss was almost completely recovered after 
10 min of reconnection to mechanical ventilation regardless the type 
of SBT.
Reference 1: Fernandez MM, González-Castro A, Magret M, Bouza MT, 
Ibañez M, García C, et  al. Reconnection to mechanical ventilation for 
1 h after a successful spontaneous breathing trial reduces reintubation 
in critically ill patients: a multicenter randomized control.
Reference 2: Thille AW, Coudroy R, Gacouin A, Ehrmann S, Contou D, 
Dangers L, et al. T-piece versus pressure-support ventilation for spon-
taneous breathing trials before extubation in patients at high risk of 
reintubation: protocol for a multicentre, randomised control.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Half of patients undergoing mechanical ventilation (MV) in 
the intensive care unit report a dyspnea of moderate to severe inten-
sity, which causes immediate suffering and post-traumatic stress disor-
ders. Dyspnea has two distinct components, a sensory component and 
an emotional component. Our objective was to evaluate and to com-
pare the respective impact of a modulation of the sensory component 
(respiratory afferents) and the emotional component (extra respiratory 
auditory and sensory stimulations) on the intensity of dyspnea in criti-
cally ill patients undergoing MV, either invasive or non-invasive.
Patients and methods/Materials and methods: Patients MV for 
more than 48 h with a dyspnea intensity ≥ 40 mm on a visual analog 
dyspnea scale (Dyspnea-VAS) were included. We studied the follow-
ing interventions: (1) increase of pressure support level by 5 cmH2O 
vs. baseline ventilator settings as a control (sensory component), (2) a 
relaxing standardized music piece vs. a “pink” noise as a control (emo-
tional component), and (3) fresh air directed toward the face vs. the 
thigh as a control (emotional component). A washout period sepa-
rated each condition. Dyspnea was assessed with the Dyspnea-VAS 
and the A1 score of the Multidimensional Dyspnea Profile. The respira-
tory drive was assessed by the P0.1 and electromyographic activity of 
the Alea Nasi and parasternal muscles.
Results: We included 46 patients, 19 tracheostomized, 18 intubated 
and 9 under non-invasive ventilation. Median (interquartile range) 
age was 63 years (54–73) and duration of mechanical ventilation was 
33 days (7–49). Compared to their respective control group the three 
intervention decreased Dyspnea-VAS: 1) pressure support increment 
20 [20–40] mm vs. 70 [60–80], p < 0.0001, 2) auditory stimulation 40 
[20–40] vs. 70 [60–80], p < 0.0001 and 3) sensory stimulation 40 [30–50] 
vs. 60 [50–80], p < 0.0001). Compared to their respective control group 
the three interventions decreased A1: 1) pressure support increment 5 
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[4–6] vs. 7 [6–8], p < 0.0001, 2) auditory stimulation 2 [0–2] vs. 7 [6–8], 
p < 0.0001 and 3) sensory stimulation 3 [2–4] vs. 7 [6–8], p < 0.0001. 
The electromyographic activity of Alea nasi and parasternal muscles 
decreased significantly after pressure support increment (p < 0.0001 
for both) but did not change during auditory and sensory stimulation. 
P0.1 decreased more markedly with pressure support increment (3.7 
[2.7–5.1]  cmH2O vs. 6.5 [6.0–8.1], p < 0.0001) than with auditory (6.0 
[5.7–7.4] vs. 6.3 [6.0–7.7], p = 0.002) and sensory (6.0 [5.3–7.6] vs. 6.5 
[5.7–7.7], p = 0.001) stimulation.
Conclusion: In critically ill MV patients, auditory and sensory extra-
respiratory stimulations decreased dyspnea without decreasing res-
piratory drive, suggesting a mechanism involving a modulation of the 
emotional component.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: An accurate  SpO2 value is critical in order to optimally 
titrate the O2 flow or  FiO2 delivered to patients under oxygen sup-
port and to follow oxygenation guidelines. It has been shown with 
closed-loop oxygen titration that small variations in  SpO2 target 
greatly affect the oxygen flow required, which may have a relevant 
impact on clinical decisions. However, the oximeters’ accuracy 
appears to vary widely from model to model, leading to an underes-
timation or an overestimation of actual  SaO2 values. This variability 
may represent an obstacle to an optimal delivery of oxygen therapy, 
including the implementation of guidelines. The objective of this 
study was to assess the accuracy and bias of the  SpO2 value meas-
ured by several oximeters compared to the reference value, arterial 
oxygen saturation  (SaO2) measured by arterial gases in intubated 
and spontaneously breathing patients in the intensive care unit.
Patients and methods/Materials and methods: (ClinicalTrials.gov ID: 
NCT04772183) The study was approved by the local ethics board with 
a waiver of consent. We included stable patients hospitalized in the 
ICU with an arterial catheter in place. Main exclusion criteria were: res-
piratory instability, poor  SpO2 signal, infectious isolation,  SpO2 > 96%. 
We evaluated six oximeters: Nonin (Plymouth, MN), Massimo (Irvine, 
CA), Philips (Eindhoven, Netherlands), Nellcor (Pleasanton, CA), Fingers 
were randomized at each patient. Arterial blood gases were drawn 
and simultaneously,  SpO2 values for all oximeters were collected.  SpO2 
value were compared to the reference  (SaO2 value) to determine bias 
and accuracy. The ability for oximeters to detect hypoxemia and the 
impact of oximeters on oxygen titration were evaluated.
Results: We included 210 patients (153 men; 57 women, mean age 
66.3 ± 11.2  years). The skin pigmentation evaluated by Fitzpatrick 
showed 96.2% of patients were type 1 or 2. One oximeter overesti-
mated  SaO2 (Philips, + 0.9%) while the three others underestimated 
 SaO2 (Nonin − 3.1%, Nellcor − 0.3%, Masimo − 0.2%). Oxygen satura-
tion was underestimated with Nonin oximeter in 91.3% of the cases 
while it was overestimated in 55.2% of the cases with Philips oxime-
ter. Hypoxemia was detected in 100%, 26%, 37% and 11% of the cases 
with Nonin, Nellcor, Masimo and Philips respectively (Table 1).
Conclusion: We found large systematic and random errors between 
the tested oximeters and the arterial blood gases, in the studied popu-
lation. These discrepancies may have important clinical impact on the 
detection of hypoxemia or management of oxygen.
Compliance with ethics regulations: Yes in clinical research

Table 1. Main features of evaluated oximeters. Mean, standard deviation, 
percentage of over and underestimation of the SaO2 and detection of 
hypoxemia for tested oximeters.
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Rationale: In patients with COVID-19 related de novo acute respira-
tory failure, the application of continuous positive airway pressure 
(CPAP) improves respiratory mechanics, gas exchange and outcome 
[1]. In the context of a pandemic with a massive influx of hypoxemic 
patients, the high oxygen consumption required to achieve optimal 
inspired oxygen  (FiO2) may jeopardize health care organization and 
oxygen delivery hospital capabilities. Within the framework of frugal 
innovation [2], we have designed a new Bag-CPAP device aiming at 
meeting oxygen delivery constraints. The aim of these clinical obser-
vations was to evaluate the performances of the Bag-CPAP in terms 
of  FiO2 actually delivered, oxygen consumption, airway pressure and 
clinical tolerance.
Patients and methods/Materials and methods: The Bag-CPAP 
is intended to deliver a positive end expiratory pressure (PEEP of 
5–10   cmH2O) with two levels of  FiO2: moderate (50%–60%) or high 
(90%–100%) obtained with an oxygen flow rate of 5 and 15  L/min, 
respectively. The system operates with a 30L reservoir for gas accumu-
lation to reduce oxygen consumption and guarantee  FiO2 irrespective 
of respiratory demand.
After ANSM authorization, the clinical observation was conducted 
in two university hospitals in France, on 20 adult patients with de 
novo acute respiratory failure. PEEP level was adjusted at 7.5   cmH2O 
in all patients and  FiO2 (moderate or high) was selected according to 
patients’ needs. Actual  FiO2 and PEEP were regularly measured along 
with respiratory pattern and dyspnea score. Quantitative data are 
expressed as median [interquartile range], a P value < 0.05 was consid-
ered statistically significant.
Results: Median  FiO2 were 53% [52%–53%] for moderate  FiO2 target 
and 94% [93%–96%] for high  FiO2 target with an oxygen flow rate of 
8 [7–9]  L/min and 15 [15–16]  L/min respectively (Fig.  1). 98% of  FiO2 
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values were within the expected target ranges for both moderate 
and high  FiO2. Median PEEP was 7 [5–7]   cmH2O.  SpO2 significantly 
increased and Borg dyspnea Scale significantly decreased since the 
first hour of Bag-CPAP application (93% [90%–97%] vs. 97% [95%–
98%], p = 0.001 and 4 [2–7] vs. 3 [2–4], p = 0.017, respectively). No sig-
nificant effect was observed on respiratory rate.
Conclusion: This pilot clinical experience shows that the Bag-CPAP is 
well tolerated while allowing reaching high  FiO2 with low oxygen con-
sumption: greater than 50% and 90% with an oxygen flow rate of at 
least 5 [5 to 10] L/min and 15 [10 to 20] L/min respectively.
Reference 1: G. D. Perkins et al., « An adaptive randomized controlled 
trial of non-invasive respiratory strategies in acute respiratory failure 
patients with COVID-19», août 2021. https:// doi. org/ 10. 1101/ 2021. 08. 
02. 21261 379.
Reference 2: A. Mekontso Dessap, « Frugal innovation for critical 
care», Intensive Care Med., vol. 45, no 2, p. 252?254, févr. 2019, https:// 
doi. org/ 10. 1007/ s00134- 018- 5391-6.
Compliance with ethics regulations: Yes in clinical research.

FiO2 measurements according to oxygen flow rate during Bag-CPAP treat-
ment and FiO2 target range (moderate: green or high: pink)
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Rationale: The optimal positive end-expiratory pressure (PEEP) 
titration strategy for patients with acute respiratory distress syn-
drome (ARDS) is still a matter of debate. Esophageal pressure moni-
toring allows to estimate pleural and transpulmonary pressures. Two 
distinct strategies based on measured end-expiratory transpulmo-
nary pressure  (PL, exp) or calculated end-inspiratory transpulmonary 
pressure  (PL, insp calc) have been described but their physiological 
effects have never been compared to each other. This study aimed 
at comparing the short-term ventilatory and hemodynamic effects 
of these two strategies in patients with ARDS.
Patients and methods/Materials and methods:  PL, exp was com-
puted as the difference between total PEEP and esophageal pressure 
measured at end-expiration. In  PL, exp-based PEEP titration strategy, 
PEEP was set to maintain  PL, exp between 0 and 6  cmH2O using a  PL, 

exp-FiO2  table1. In  PL, insp calc-based PEEP titration strategy,  PL, insp calc was 
estimated using the lung to respiratory system elastance ratio and 
PEEP was set to achieve a  PL, insp calc between 20 and 22  cmH2O2.  PL, 

exp-based and  PL, insp calc-based strategies were consecutively applied 
in a randomized order in patients with moderate to severe ARDS. 

Gas exchange, respiratory mechanics, hemodynamics and ventilation 
regional distribution assessed with electrical impedance tomography 
were evaluated 45  min after the application of each PEEP titration 
strategy.
Results: Twenty patients were included in this study. Twelve (60%) 
patients had SARS-CoV2 associated pneumonia. The two different 
PEEP titration strategies led to similar median levels of PEEP (median 
[interquartile range], 14 [9–17]  cmH2O with  PL, exp-based strategy vs 16 
[12–18]   cmH2O with  PL, insp calc-based strategy, p = 0.11) but 14 (70%) 
patients presented a difference of at least 3  cmH2O between the two 
determined PEEP levels.  PaO2/FiO2, shunt fraction, dead-space, car-
diac index and oxygen delivery were similar between the two strate-
gies. The 12 (60%) patients for whom  PL, insp calc-based strategy was 
associated with higher PEEP levels than  PL, exp-based strategy were 
characterized by a lower body mass index. Compared to  PL, exp-based 
strategy,  PL, insp calc-based strategy was associated, in these patients, 
with better oxygenation but lower cardiac output, higher transpulmo-
nary driving pressure, lower respiratory system compliance and lower 
non-dependant regional compliance, suggesting lung overdistension.
Conclusion: PEEP levels defined by the two distinct esophageal pres-
sure measurements-based strategies differed of at least 3   cmH2O in 
70% of ARDS patients.  PL, insp calc-based strategy may be associated 
with lung overdistension in some patients.
Reference 1: Talmor, D. et al. Mechanical ventilation guided by esoph-
ageal pressure in acute lung injury. N. Engl. J. Med. 359, 2095–2104 
(2008).
Reference 2: Grasso, S. et  al. ECMO criteria for influenza A (H1N1)-
associated ARDS: role of transpulmonary pressure. Intensive Care Med 
38, 395–403 (2012).
Compliance with ethics regulations: Yes in clinical research.

CO‑77 
Respiratory effects of lung recruitment maneuvers depend 
on the recruitment‑to‑inflation ratio
ZERBIB  Yoann1, LAMBOUR  Alexis1, MAIZEL  Julien1, KONTAR  Loay1, DE 
CAGNY  Bertrand1, SOUPISON  Thierry1, BRADIER  Thomas1, SLAMA  Michel1, 
BRAULT Clément1

1CHU Amiens-Picardie, Amiens, France Correspondence: Clément 
BRAULT (brault.clement@chu-amiens.fr)

Annals of Intensive Care 2022, 12(1):CO-77
Rationale: In the context of acute respiratory distress syndrome 
(ARDS), the response to lung recruitment maneuvers (LRM) varies 
considerably from one patient to another. The LRM can be harmful, 
especially in patients with low recruitability, inducing lung overdis-
tention and cardiac dysfunction. Recently, a single-breath maneuver 
with measurement of the recruitment-to-inflation (R/I) ratio has been 
developed to assess lung recruitability and identify patients who could 
benefit from the application of positive pressure. Here, we determined 
whether or not the R/I ratio could differentiate between patients 
according to the change in lung mechanics during LRM.
Patients and methods/Materials and methods: We included all 
adults patients admitted with a diagnosis of ARDS and an arterial oxy-
gen partial pressure to fractional inspired oxygen  (PaO2/FiO2) ratio 
lower than 150 mmHg. Starting at 20  cmH2O, the PEEP was increased 
in 5  cmH2O steps to 40  cmH2O, with each step lasting 2 min. We evalu-
ated the changes in gas exchange, respiratory mechanics, and hemo-
dynamic parameters induced by a stepwise LRM at a constant driving 
pressure of 15  cmH2O during pressure-controlled ventilation. Patients 
were dichotomized with regard to the median R/I ratio.
Results: We included 30 patients with a median [interquartile range] 
R/I ratio of 0.62 [0.42-0.83]. The PaO2/FiO2 ratio increased significantly 
after LRM in patients with low and high lung recruitability (Table  1). 
However, the mechanisms behind this improvement in oxygena-
tion depend on each patient’s potential for alveolar recruitment, as 
measured by the R/I ratio. In patients with high recruitability (R/I 
ratio ≥ 0.62), the static respiratory system compliance (Crs) increased 
significantly after the LRM (33 [27–42] vs. 42 [35–60]  mL/cmH2O; 
p < 0.001). There was a moderate but significant positive correlation 
between the change in Crs during the LRM and the R/I ratio (r = 0.56; 

https://doi.org/10.1101/2021.08.02.21261379
https://doi.org/10.1101/2021.08.02.21261379
https://doi.org/10.1007/s00134-018-5391-6
https://doi.org/10.1007/s00134-018-5391-6
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p = 0.001). In patients with low recruitability (R/I ratio < 0.62), the 
increase in  PaO2/FiO2 ratio was associated with a significant decrease 
in pulse pressure (70 [55–85] vs. 50 [51–67] mmHg; p = 0.01) but not 
with a significant change in Crs (33 [24–47] vs. 35 [25–47] mL/cmH2O; 
p = 0.74).
Conclusion: During an LRM, the mechanisms related to an increase in 
oxygenation depend on the potential for lung recruitment. Patients 
with high recruitability presented a significant increase in Crs (indi-
cating a gain in ventilated area), while those with low recruitability 
presented a decrease in pulse pressure suggesting a drop in cardiac 
output and therefore in intrapulmonary shunt. The R/I ratio might help 
clinicians to identify patients in whom an LRM will lead to an increase 
in Crs.
Compliance with ethics regulations: Yes in clinical research.

Respiratory and hemodynamic parameters before and after the LRM, as a 
function of the patients’ lung recruitability
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Rationale: Chest Electrical Impedance Tomography (EIT) is a non-inva-
sive technique that produces continuous cross-sectional images of 
regional lung ventilation. This study investigated the use of chest EIT 
and lung ultrasound in patients extubated after a successful spontane-
ous breathing trial. The hypothesis was that patients with extubation 
failure may exhibit early regional lung ventilation disturbances and 
higher lung ultrasound score (LUS) as compared to patients with extu-
bation success.
Patients and methods/Materials and methods: Patients at high risk 
of extubation failure (> 65  years old, chronic cardiac or pulmonary 
disease) were included after a successful spontaneous breathing trail 
and after extubation was planned by the physicians. Lung ultrasound 
(with calculation of LUS score as a surrogate of loss of lung aeration) 
and chest EIT (with calculation of derived indices, such as Global inho-
mogeneity index (GI), front-back Centre of ventilation (CoV), Regional 
ventilation delay (RVD) and Surface available for ventilation) were 
performed before (H0) and two hours and six hours after extubation 
(H2 and H6 respectively). The primary outcome was the proportion of 
patients who presented extubation failure (defined as acute respira-
tory failure requiring re-intubation or not or death within 48  h after 
extubation).
Results: Thirty-four patients were included, of whom 10 (29%) were 
considered with extubation failure. Before extubation, the LUS score 
was higher in the extubation failure group as compared to patients 
who were successfully extubated (20 vs 11, p < 0,01). However, EIT 
derived indices were not different between groups. After extubation, 
GI index, RVD and LUS score were higher in the extubation failure 
group, whereas Surface was lower and the CoV didn’t change (See an 
example in Fig. 1).

Conclusion: Before extubation, a loss of lung aeration was observed 
in patients who developed extubation failure afterwards. After extuba-
tion, this loss persisted with adjunction of heterogeneity in air distri-
bution observed with EIT.
Compliance with ethics regulations: Yes in clinical research.

EIT derived indices in a patient who presented extubation failure 24 h after 
extubation compared to a patient who were successfully extubated GI 
index: Global inhomogeneity index; RVD: Regional ventilation delay; H0: 
just before extubation; H2 and H6:
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Rationale: Pneumonia is the most frequent infectious complication 
among drowning patients requiring ICU admission. However, clinical 
and microbiological data on such pneumonia are scarce.
Patients and methods/Materials and methods: We conducted a ret-
rospective multicenter study (2013–2020) of 270 consecutive patients 
admitted for drowning to 14 ICUs in the west of France. Baseline 
characteristics as well as clinical course of patients were compared 
according to the occurrence of drowning associated pneumonia (DAP) 
(diagnosed within 48 h of ICU admission). Pneumonia microbiological 
features and therapeutic strategies were also analyzed.
Results: Among the 270 patients admitted to the ICUs for drowning, 
101 (37.4%) experienced pneumonia. Suicidal etiology of drown-
ing, psychiatric comorbidities, and need for mechanical ventilation 
appeared to be risk factors for drowning associated pneumonia (DAP). 
DAP occurred less frequently in patients initially treated by antibiot-
ics. Pneumonia occurrence was associated with higher severity scores 
at ICU admission (Median SAPS 2 score 34 [Interquartile range 25–55] 
versus 45 [28–67]; p = 0.006), longer ICU LOS (2  days [1–3] versus 4 
[2–7]; p < 0.001), mechanical ventilation duration (2 days [1–4] versus 
4.5  days [2–8]; p < 0.001), higher SOFA score at day 3 (1 [0-3] versus 
5 [1–10]; p = 0.001) These patients also experienced acute respira-
tory distress syndrome (ARDS) more frequently (28.4% versus 53.5%; 
p < 0.001). Survival at day-28 appeared lower among these patients 
particularly in patients developing microbiologically proven pneu-
monia (14/33 versus 201/237; p < 0.0001). Interestingly, microbio-
logical analysis of respiratory samples showed a high proportion of 
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gram-negative bacilli (39.6%) that did not differ according to water 
salinity. Empirical antimicrobial management seemed frequently 
inappropriate (30.3%) mostly due to high proportions of resistance to 
Amoxicillin–Clavulanate on isolates (39.4%).
Conclusion: Pneumonia occurrence was found to be a common com-
plication in critical drowning patients that worsen patients’ clinical 
courses. Due to a high proportion of resistant gram-negative bacilli 
among isolated pathogens, initial empirical antimicrobial strategy 
with Amoxicillin–Clavulanate should be discouraged.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Respiratory syncytial virus (RSV) is a common agent of 
viral respiratory infections. It causes significant morbidity and mortal-
ity in adults, especially in those with cardiorespiratory comorbidities 
and immunosuppression. Although there is a high burden of RSV res-
piratory infections in frail adults, few data are available in hospitalized 
patients. We set up a retrospective multicenter cohort to obtain large-
scale data aiming at better depicting the clinical profile and prognosis 
of patients hospitalized with RSV infection.
Patients and methods/Materials and methods: Retrospective 
multicenter observational cohort study conducted in all Assistance 
Publique-Hôpitaux de Paris (AP-HP) hospitals, including patients hos-
pitalized between January 1, 2015 and December 31, 2019 for docu-
mented respiratory RSV infection. Data were extracted from the AP-HP 
Health Data Warehouse (EDS). The selection of patients and the proce-
dures performed in intensive care units (ICUs, n = 13) were identified 
using International Classification of Disease (ICD) 10 and CCAM (Classi-
fication Commune des Actes Médicaux) coding. The primary endpoint 
was in-hospital mortality.
Results: 1168 patients were hospitalized for RSV infection, includ-
ing 880 patients admitted to 14 conventional inpatient units and 288 
patients who required ICU admission. The median age of patients was 
75  years, 54% of them were women. Patients frequently had comor-
bidities, most often cardiovascular (hypertension: 46.4%; heart failure: 
34.4%), respiratory (28.6%), or immunodepression (29.5%). In-hospi-
tal mortality was 6.6% (n = 77/1168) in the whole cohort and 12.8% 
(n = 37/288) in ICU patients. By multivariable logistic regression, the 
factors associated with hospital mortality were age (adjusted odds 
ratio (aOR) = 1.03 95% CI [1.01–1.06], p = 0.006), presence of an acute 
respiratory failure at ICU admission (aOR = 2.35 [1.30–4.25], p = 0.04), 
acute respiratory distress syndrome (aOR = 6.49 [2.96-14.21], p < 0,001) 
and neutropenia (aOR = 5.57 [1.54–20.19], p = 0,009). 30% of patients 
admitted to the ICU required invasive mechanical ventilation support. 
Risk factors for intubation were age (aOR = 0.98 [0.96–0.99], p = 0.002), 
a previous chronic respiratory failure (aOR = 2.83 [1.72–4.65], 
p < 0,001), chronic heart disease (aOR = 1.90 [1.15–3.13], p = 0.012), 
obesity (aOR = 1.94 [1.09–3.45], p = 0.025) and the documentation of 
a bacterial co-infection (aOR = 2.51 [1.55–4.07], p < 0.001). A bacte-
rial co-infection was documented in 18.2% of patients. Streptococcus 
pneumoniae and Pseudomonas aeruginosawere the two most fre-
quently isolated bacteria.
Conclusion: In this large multicenter retrospective study of patients 
hospitalized with RSV infection, we found a mortality rate of 6.6%. Risk 
factors associated with mortality were age, the presence of acute res-
piratory distress, ARDS and neutropenia.
Compliance with ethics regulations: N/A.
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Rationale: Until March 2020 and the emergence of coronavirus dis-
ease 2019 (COVID-19), influenza was the leading cause of viral acute 
respiratory failure observed in ICU. While a few studies have compared 
flu patients vs. COVID-19, none of them have focused on the most 
severe forms. The aim of this study is to compare ICU patients admit-
ted for COVID-19 vs. those admitted with influenza.
Patients and methods/Materials and methods: We conducted a ret-
rospective cohort study using the French administrative health data-
base (Système National des Données de Santé, SNDS). We included all 
adult patients hospitalised in French ICUs for whom a complete hos-
pital history was available from 1 March 2020 to 30 June 2021. For the 
comparative group (influenza cohort), all adult patients hospitalised 
in ICUs from 1 January 2014 to 31 December 2019 were included. To 
be included in one of these two groups, the patient had to have an 
ICD-10 diagnosis code of COVID-19 or influenza regardless of its posi-
tion in the hospital stay summary. The Chi-square test, Student’s t test 
or Wilcoxon test were used, as appropriate, to compare characteristics 
between patients with COVID-19 and influenza. To identify risk factors 
for invasive mechanical ventilation (IMV) and in-hospital death, we 
performed multivariate logistic regression models.
Results: Our study cohort included 105.979 COVID-19 patients and 
18.763 influenza patients. Compared to influenza patients, COVID-19 
patients were younger (p < 0.0001), more often male (p < 0.0001), and 
had a lower SAPS II score at ICU admission (p < 0.0001). During the ICU 
stay, patients with influenza more frequently required the use of iMV 
(47% versus 34%, p < 0.001), vasopressors (40% versus 27%, p < 0.001) 
and renal replacement therapy (22% versus 7%, p < 0.001). In-hospital 
mortality was higher in COVID-19 patients (25% vs. 21%, p < 0.001), 
especially in patients with iMV (40% vs. 33%, p < 0.001). After adjust-
ment, while we did not observe an association between virus type 
and iMV use, we found a strong association between COVID-19 and 
in-hospital mortality compared to influenza (aOR = 1.92 [1.83–2.00], 
p < 0.001).
Discussion:
Conclusion: Using a very large cohort study, patients admitted for 
COVID-19 have a high probability of in-hospital death compared to 
patients admitted for influenza. This excess mortality does not appear 
to be related to a higher proportion of organ failure, particularly with 
respect to iMV use.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: We aimed to characterize and compare the temporal 
changes of lung bacterial microbiome whether ICU patients develop 
ventilator-associated pneumonia (VAP) or not. Our main objective 
was to identify early specific bacterial markers in the airway microbi-
ome associated with the risk of ventilator-associated pneumonia (VAP) 
occurrence.
Patients and methods/Materials and methods: We conducted a 
case-control study based on a prospective cohort of mechanically ven-
tilated (MV) patients. Controls were matched to VAP patients accord-
ing to known risk factors of lung microbiota changes. We sequenced 
the specific V4 hypervariable region of 16S rRNA gene in samples col-
lected every 72 h from oropharynx (OPS = oropharyngeal swabs) and 
lungs (ETA = endotracheal aspiration). The co-evolution of lung and 
oropharyngeal microbiota were described using non-linear mixed 
effects models.
Results: Nineteen VAP patients and 19 matched controls were 
included. We identified 281 taxa or operational taxonomic unit in 293 
samples distributed in four predominant phyla. The dynamic evolu-
tion of the lung microbiota highlighted a constant increase in relative 
abundance of Bacteroidetes whereas these of Firmicutes decreased 
under mechanical ventilation (MV) (Fig. 1). On ICU admission, the Bac-
teroidetes phylum (p = 0.017) and the Bacteroidia class (p = 0.018) were 
more represented in patients who eventually developed a VAP. For 
all patients, the dynamic study highlighted a highly significant posi-
tive correlation between changes in lung and oropharyngeal micro-
biota for diversity (r = 0.87 (0.42;1), p < 0.001), for relative abundance 
of Bacilli (r = 0.91 (0.77;1), p < 0.001) and for relative abundance of Bac-
teroidia (r = 0.99 (0.94;1), p < 0.001). There was a significant decrease 
of the alpha diversity in both OPS (p < 0.001) and ETA during MV 
(p = 0,006), and a significant decrease of relative abundance of Bacilli 
in ETA (p < 0.001). On average, the relative abundance of Bacteroidia in 
the lungs was increased by an additional 14% per day of MV in VAP 
patients compared to controls (p = 0.025). The RA of Bacilli in the oro-
pharynx decreased by an additional 9% per day of MV in VAP patients 
compared to controls (p = 0.049).
Conclusion: A lower initial RA of Bacteroidia, a faster decrease of 
Bacilli within the oropharynx as well as a faster increase of Bacteroidia 
within the lungs were associated with VAP development. This could 
represent a dysbiosis pattern that predisposed ICU patients to VAP. We 
aimed to characterize and compare the temporal changes of lung bac-
terial microbiome whether ICU patients develop ventilator-associated 
pneumonia (VAP) or not.
Compliance with ethics regulations: Yes in clinical research.

Evolution of relative abundance of the four main phyla identified in the 
respiratory microbiota
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Rationale: Ventilator-associated pneumonia accounts for a leading 
cause of death in patients with septic shock. Altered lung immunity 
in post-septic hosts has been consistently ascribed to both quanti-
tative and functional defects in most hematopoietic immune cells. 
In contrast, the role of airway epithelium has not been investigated 
in this setting despite its key role in first-line lung defense through 
various functions of physical barrier, tissue repair, pathogen sensing 
and crosstalk with immune cells. We raised the hypothesis that sep-
sis-induced alterations in airway epithelium contribute to defective 
lung defense towards secondary bacterial pneumonia. Our main 
goal was to assess the morphological and functional alterations of 
airway epithelium following non-pulmonary polymicrobial sepsis.
Patients and methods/Materials and methods: C57BL/6J female 
mice were used for the experiments. Mice were subjected to dou-
ble-hit infectious insults through polymicrobial peritonitis induced 
by cecal ligation and puncture (CLP) or control sham surgery, fol-
lowed eight days after by intratracheal instillation of Pseudomonas 
aeruginosa. The morphology and functions of lung epithelium were 
studied by immunohistochemistry and flow cytometry on days 3 
and 7 after surgery, prior to any secondary bacterial challenge.
Results: As compared to sham-operated controls, post-CLP mice 
exhibited increased mortality towards secondary P. aeruginosa 
pneumonia, associated with increased systemic spread of the 
pathogen. Lung sections from post-CLP and sham-operated mice 
were subjected to histological analyses. Post-CLP mice exhibited 
reduced thickness of bronchial epithelium on day 3, associated with 
decreased proliferative capacity (as assessed by Ki67 immunostain-
ing). However, bronchial epithelium became hypertrophied in post-
CLP mice at delayed time point (day 7), thereby suggesting altered 
tissue repair. Tissue barrier functions were also altered as suggested 
by reduced epithelial expression of tight and adherens junctions (as 
assessed by Zonula occludens 1 and E-cadherin immunostainings). 
Increased expression of immune checkpoint inhibitors (day 3 post-
sepsis) and Toll-like receptors 2 and 5 (day 7) were also observed in 
bronchial and alveolar epithelial cells from post-septic mice.
Conclusion: Our results suggest that non-pulmonary sepsis may 
modulate the main functions of airway epithelial cells and may 
thereby impact on lung compartmentalization. How this may affect 
mucosal immunity, possibly in relation with local dysbiosis, should 
now be investigated.
Compliance with ethics regulations: Yes in animal testing.
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Rationale: High incidence of ventilator associated pneumonia (VAP) 
has been reported among critically ill patients with COVID-19. Among 
these patients, we aimed to specifically assess the frequency, risk fac-
tors and outcomes of recurrences of VAP.
Patients and methods/Materials and methods: We conducted 
an observational retrospective study in 3 French intensive care units 
(ICUs). Patients admitted for a documented COVID-19 from March 
2020 to May 2021 and requiring mechanical ventilation (MV) for 
≥ 48  h were included. The study main outcome was the rate of VAP 
recurrence. Secondary outcomes were the risk factors for recurrence, 
the Day-28 and Day-60 ventilator-free days (VFD), the ICU and hospital 
length of stay and the Day-90 mortality.
Results: From 26th February 2020 to 21th May 2021, 398 patients 
were included in the analysis. Among them, 236 (59%) presented at 
least one VAP and 109 (27%) presented more than one VAP during the 
ICU stay (VAP recurrence). The overall ICU mortality rate was 27.9%, 
and day-90 mortality was 28.6%. After 90  days follow-up, the day-90 
mortality rate of patients without VAP was significatively lower than 
mortality of patients with one VAP or more (p = 0.021). In contrast, 
there was no day-90 mortality difference between patients with one 
VAP or more than one (recurrence) (36.2% vs 31.2%). Patients with VAP 
recurence had a longer duration of mechanical ventilation, less VFD at 
day-28 and day-60, a longer ICU and hospital length of stay. In mul-
tivariate analysis, a bacterial co-infection at ICU admsision, the use of 
dexamethasone, the association of 2 immunosuppressive therapies or 
more during the ICU stay, the duration of antibiotic therapy, the type 
of bacteria responsible for the 1st occurence of VAP were not signifi-
cantly associated with VAP recurrence.
Conclusion: VAP recurrences are frequent among COVID-19 ICU 
patients and are associated with a longer MV duration, ICU and hospi-
tal length of stay but not a higher mortality as compared with patients 
that had only one VAP. Bacterial co-infection at ICU admsision, the use 
of dexamethasone, the association of 2 immunosuppressive therapies 
or more during the ICU stay, the duration of antibiotic therapy or the 
type of bacteria responsible for the 1st occurence of VAP were not 
identified as independant risk factors of VAP recurrence in our cohort.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Severe acute kidney injury (AKI) is frequent among critically-
ill patients with SARS-COV2 infection and associated with high mortal-
ity[1]. The epidemiological changes in the rate of severe AKI according 
to the epidemic waves remain unclear. We evaluated the differences in 
incidence, risk factors and outcome of severe AKI in patients with SARS-
CoV-2 infection between the first and third wave of COVID-19.
Patients and methods/Materials and methods: We performed a Euro-
pean multicenter, retrospective observational study in five hospitals in 
France and Spain from March 1 to March 31, 2020 (first wave) and from 
March 1 to March 31, 2021 (third wave). We included consecutive adult 
patients with acute respiratory distress syndrome (ARDS) and testing 
positive for SARS-CoV-2 in respiratory fluids. Patients with end-stage 
renal disease or who had sustained cardiac arrest before ICU admission 
were not included. We reviewed clinical electronic medical records, nurs-
ing records, laboratory findings, demographic data, comorbidities, ICU 
usual parameters, occurrence of severe AKI (defined by KDIGO stage 3) 

in the first 7 days after ICU admission and survival outcome 28 days after 
ICU admission.
Results: A total of 445 patients with severe SARS COV2 pneumonia 
met the inclusion criteria of whom 293 (66%) were admitted during the 
first wave and 152 (34%) during the third wave. Patients admitted dur-
ing the third wave had respectively more chronic kidney disease (CKD) 
at baseline (16.6% VS 7.2% p = 0.020), received more iodinated contrast 
media (56.6% VS 3.1%), more aminoglycosides (3.9% VS 0.3% p = 0.007) 
but were less severely ill (SOFA 5 VS 7 p = 0.006). One hundred two (23%) 
patients experienced severe AKI in the first 7 days of ICU admission. Its 
cumulative incidence was higher during the first wave than the third 
(26.8% VS 16.8% p = 0.029) (Fig. 1). In a multivariate Fine and Gray analy-
sis, BMI ≥ 30 was a risk factor of severe AKI during the first (SHR [95CI%] 
1.29 [0.81–2.04] p = 0.28) and third wave (SHR [95CI%] 3.35 [1.16–9.64] 
p = 0.025) whereas CKD was a risk factor only during the first wave (SHR 
[95CI%] 2.56 [1.23–5.31] p = 0.012). Steroid’s administration was not asso-
ciated with the occurrence of severe AKI.
Conclusion: In this multicenter retrospective study including COVID-
19 patients with ARDS, severe AKI was more frequent during the first 
epidemic wave compared to the third one. This may be explained by 
improvement in critical care delivery and a greater attention to renal 
impairment.
Reference 1:. Chaibi K, Dao M, Pham T, Gumucio-Sanguino VD, Di Paolo 
FA, Pavot A, et al. Severe Acute Kidney Injury in Patients with COVID-19 
and Acute Respiratory Distress Syndrome. Am J Respir Crit Care Med. 
2020;202:1299–301.
Compliance with ethics regulations: Yes in clinical research.

Cumulative incidence of severe AKI in the first days after ICU admission 
according to the first and third wave
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Rationale: Since the first wave of COVID-19, the management of 
patients with severe SARS-CoV-2 infection in intensive care unit (ICU) 
has changed with the use of dexamethasone (DXM)1. Acute kid-
ney injury (AKI) in ICU patients with severe COVID-19 was frequent 
(> 50%). Specific inflammatory process was previously suggested in 
AKI pathogenesis and could be improved by DXM. A previous study 
(n = 100 patients) reported a potential protective effect of DXM in AKI 
 incidence2. The aim of this study was to investigate in a prospective 
multicentric study, the impact of DXM in severe COVID-19-induced 
AKI.
Patients and methods/Materials and methods: We carried out a 
prospective multicentric study in two French ICU from March 1st, 2020 
to August 21st, 2021. All patients admitted for a severe COVID-19 in 
ICU were included. DXM was exclusively used from the second wave. 
AKI was defined according to the KDIGO classification. Acute kidney 
disease (AKD) was the persistence of the KDIGO criteria for AKI for 
≥ 7 days.
Results: 1014 patients were included. 284/1014 patients (28%) 
were hospitalized in ICU1 and 730/1014 (72%) in ICU2. Mean age 
was 62.9 ± 12.2  years, 520/1014 (51%) patients had hypertension, 
75/1014 (7%) suffered from previous chronic kidney disease (CKD) 
and 385/1014 (38%) required invasive mechanical ventilation (MV) 
in the first 24  h. Mean SAPSII was 38.9 ± 15.8 and non-renal SOFA 
was 4.2 ± 2.4. ICU mortality was 264/1014 (26%). AKI was present in 
741/1014 (73%) patients: 266/741 (36%), 173/741 (23%) and 302/741 
(41%) had respectively AKI KDIGO 1, 2 and 3 and 88/741 (12%) patients 
required renal replacement therapy. AKD was observed in 397/741 
(54%) of AKI patients. In univariate analysis, DXM exposure decreased 
AKI incidence: 411/635 (65%) patients vs. 330/379 (87%) patients; 
OR = 0.27 [0.19–0.38]. In multivariate analysis, DXM use was inde-
pendently associated with AKI: OR = 0.24 [0.11-0.53] (Table  1). After 
excluding patients who developed AKI before DXM exposure (n = 186 
patients), DXM use remained independently associated with AKI in a 
similar multivariate model; OR = 0.26 [0.17–0.41]. In univariate analysis, 
DXM exposure decreased AKD incidence: 207/411 (50%) vs.190/330 
(58%) patients; OR = 0.74 [0.55–0.99] but this effect did not persist in a 
similar multivariate analysis; OR = 1.17 [0.83–1.66].
Conclusion: In our study, DXM exposure decrease AKI incidence in 
severe COVID-19 patients. These results support the hypothesis that 
DXM can reduce “inflammatory” AKI incidence (specific of COVID-19 
infection) but has no impact on “maladaptive repair” lesions secondary 
to AKI that can lead to an AKD.
Reference 1: The RECOVERY Collaborative Group. Dexamethasone 
in Hospitalized Patients with Covid-19. N. Engl. J. Med. 384, 693–704 
(2021).
Reference 2: Orieux, A., Khan, P., Prevel, R. et al. Impact of dexameth-
asone use to prevent from severe COVID-19-induced acute kidney 
injury. Crit Care 25, 249 (2021).
Compliance with ethics regulations: Yes in clinical research.

Table 1. Multivariate analysis for AKI development
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Rationale: Acute kidney injury (AKI) is frequently observed in acute 
respiratory distress syndrome (ARDS). Risk factors for AKI include 
positive end expiratory pressure (PEEP), severity of ARDS and fluid 
overload, possibly linked to renal congestion. There is no data on the 
evolution of renal function in patients presenting severe ARDS and 
requiring extra-corporeal membrane oxygenation (ECMO) implanta-
tion. Veino-veinous ECMO (VV-ECMO) could prevent AKI by alleviat-
ing this renal congestion with the aspiration of the femoral canula. 
We aim to study how a VV-ECMO modified the renal function in this 
population.
Patients and methods/Materials and methods: We performed a 
multicentre retrospective study, between 2011 and 2021, in six inten-
sive care units in France and Switzerland. Inclusion criteria were: adult 
patients presenting a severe ARDS requiring VV-ECMO, with available 
data regarding daily urine output and blood tests 2  days before and 
three days after implantation. Patients receiving renal replacement 
therapy (RRT) before day three or veino-arterial ECMO or those who 
did not agree to participate were excluded. The primary outcome was 
the evolution of the serum creatinine level after VV-ECMO implanta-
tion. Daily urine output and evolution of biochemical parameters in 
urine samples after implantation were the secondary outcomes.
Results: Ninety-nine patients were included, with a median age of 
53  years, of which 30% were women. ECMO implantation occurred 
after a median duration of mechanical ventilation of 6  days. COVID-
19 was the main cause in 72% of ARDS. The evolution of the serum 
creatinine level did not significantly differ before and after implanta-
tion (p = 0.2). In contrast, ECMO implantation was associated with a 
significant increase in daily urine output (+ 6.3 mL/kg/day, p < 0.001), 
even after adjustment for potential confounding factors (including 
PEEP, duration of mechanical ventilation, fluid balance, cause of ARDS, 
and diuretics). Fractional excretion of urea and natriuresis were also 
significantly increased after ECMO implantation (respectively + 10%, 
p < 0.001 et + 20 mmol/L, p < 0.001). Finally, the increase in urine out-
put under ECMO was negatively associated with the risk to receive RRT 
after day three (p = 0.047).
Conclusion: VV-ECMO implantation for severe ARDS is associated with 
an increase in daily urine output and natriuresis. This diuretic like effect 
does not modify the glomerular filtration following implantation. Pro-
spective studies are necessary to better define renal hemodynamic 
and tubular modifications occurring under VV-ECMO, and the poten-
tial improvement in the management of fluid overload in this context.
Compliance with ethics regulations: Yes in clinical research.
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Evolution of serum creatinine level, daily urine output, Fractional excre-
tion or urea, mesured creatinine clearance with UV/P formula and natriu-
resis, between 2 days before and 3 days after implantation of VV-ECMO.
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Rationale: Recent trials confirmed that an early renal replacement 
therapy (RRT) initiation does not confer any survival benefice com-
pared with a delayed one during severe acute kidney injury (AKI) when 
no severe complications are present. Tools to enable personalized 
management are still needed and evidence for biomarkers guided RRT 
initiation are lacking[1]. In a cohort of critically ill patients with AKI, an 
elevation in urinary CCL14 could predict the persistence/progression 
of AKI [2]. We aimed to assess the utility of urinary CCL14 for the pre-
diction of RRT initiation in a conservative approach in Intensive Care 
Unit (ICU).
Patients and methods/Materials and methods: In an ancillary study 
of AKIKI2 (Comparison of two delayed strategies for renal replacement 
therapy initiation for severe acute kidney injury), we included ICU 
patients with severe AKI (stage 3 KDIGO) and available urinary sample 
at the first day of severe AKI. We did not include patients with chronic 
kidney disease. CCL14 was measured by enzyme-linked immuno-
sorbent assay (ELISA) in urinary samples at D0. The primary endpoint 
was the occurrence of a criteria for RRT (according to a conservative 
approach of RRT initiation) within the 72  h after severe AKI. Those 
criteria were: life threatening complication of AKI, or oliguria/anuria 
(urine output < 0·3 mL/kg per h or < 500 mL/day) for more than 72 h, 
or serum urea concentration of 40 mmol/L or more.
Results: A total of 230 patients were enrolled. Ninety patients (39.1%) 
met the primary endpoint. Urinary CCL14 was not associated with 
serum creatinine concentration at D0 (Pearson correlation r2 = 0.024). 
Median urinary CCL14 was 15.03 (IQR 24.88) mg/ml in patients reach-
ing the primary endpoint and 5.8 (IQR 12.18) mg/ml in patients who 
did not (p < 0.001). In multivariate analysis, urinary CCL14 (OR = 1.02, 
[1.01;1.04], p = 0.0021) was associated with higher rate of occurrence 
of a criteria of RRT initiation. The area under the ROC curve was 0.701 
(95% CI: [0.633;0.770]) for urinary CCL14 to predict the occurrence of a 
criteria of RRT initiation within 72 h after severe AKI (Fig. 1).
Conclusion: Although interesting, urinary CCL14 alone might not be 
precise enough to discriminate patients with RRT initiation criteria in 
a conservative approach. However, it might be useful when used in 
combination with other clinical or biological variables.
Reference 1: Ostermann M, Lumlertgul N. Wait and see for acute dialy-
sis: but for how long? The Lancet. 2021;397:1241–3.
Reference 2: Hoste E, Bihorac A, Al-Khafaji A, Ortega LM, Ostermann 
M, Haase M, et  al. Identification and validation of biomarkers of 

persistent acute kidney injury: the RUBY study. Intensive Care Med. 
2020;46:943–53.
Compliance with ethics regulations: Yes in clinical research.

Receiver operating characteristic (ROC) curve for prediction of RRT initia-
tion criteria with urinary CCL14
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Rationale: Renin-angiotensin system is activated during sepsis and 
septic shock. Its main effector, angiotensin II, is responsible for pro-
inflammatory effects and endothelial dysfunction. Angiotensin (1–7) 
(Ang (1–7)), an active peptide produced by angiotensin-converting 
enzyme type 2 (ACE2), has opposite effects and has been reported 
to prevent organ damage during sepsis in mice. Our study aimed to 
assess the effect of concurrent treatment with ang (1–7) on sepsis 
outcome.
Patients and methods/Materials and methods: Sepsis was induced 
by fecal peritonitis in sixteen mechanically ventilated, hemody-
namically monitored female sheep. Animals were randomized to two 
groups: control or concurrent treatment group (n = 8 each) after sur-
gical preparation and stabilization. Angiotensin (1–7) at 10 mcg/kg/h 
was started at sepsis inducement in the concurrent treatment group. 
Four hours after feces injection, fluid resuscitation (pulse pressure 
variation ≤ 13%), antibiotherapy, and peritoneal lavage were adminis-
trated, and norepinephrine was given to maintain mean arterial blood 
pressure ≥ 65 mmHg if necessary. The experiment lasted for 24 h.
Results: No difference was found among groups regarding baseline 
demography. During the first 4  h, MAP was dropped significantly in 
the control group. All the animals in the control group developed a 
septic shock. A significantly lower dose of norepinephrine was utilized 
in the concurrent treatment group. Creatinine, platelet count,  PaO2/
FiO2, pH, and lactate levels were significantly lower in the concurrent 
treatment group. Two animals died in the control group before the 
end of the experiment.
Discussion: In this mechanical ventilated, hemodynamically moni-
tored sepsis model; concurrent treatment with ang (1–7) significantly 
reduced norepinephrine requirements and attenuated organ dys-
function. Ang (1–7) can reduce inflammation by the activation of the 
Mas receptor, and reduce cytokine storm. However, the risk of the 
effects on the immune system is not well described in the literature 
and could expose to secondary infections. This is the first use of Ang 
(1–7) in a large clinically relevant animal model characterized by fluid 
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resuscitation based on dynamic parameters, broad-spectrum anti-
biotherapy, peritoneal lavage, and vasopressors. Polymicrobial sepsis, 
induced by feces injection, was able to develop a severe septic shock 
with organ dysfunction. The protocol followed the recent guidelines 
on septic shock resuscitation and guidelines for Minimum Quality 
Threshold in Pre-Clinical Sepsis Studies (MQTiPSS).
Conclusion: Concurrent treatment with Ang (1–7) reduced sever-
ity of septic shock. Further studies are needed to assess the timing of 
administration, dose and duration of Ang (1–7) in sepsis.
Compliance with ethics regulations: Yes in animal testing.

Results
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Rationale: Thrombotic thrombocytopenic purpura (TTP) is a throm-
botic microangiopathy caused by a severe ADAMTS13 activity defi-
ciency. Mortality in TTP sharply decreased with the introduction of 
emergency therapeutic plasma exchanges (TPE) and immunomodu-
lation; however, elderly patients remain at high risk of mortality 
and severe organ involvements, including acute renal failure. More 
recently, the adjunction of Caplacizumab has improved time to recov-
ery in TTP patients. The association of caplacizumab administration 
with improved renal function in elderly patients with TTP is unknown.
Patients and methods/Materials and methods: In this retrospective 
study, we described the characteristics and outcome of TTP patients 
aged over 60  years. They were enrolled from 2000 to 2021 in the 
French national reference center for thrombotic microangiopathy reg-
istry according to treatment with standard of care (SOC, consisting of 
TPE, steroids and for most rituximab) with or without Caplacizumab 
(C+ and C− groups). Results are presented as number (%) or median 
(interquartile range). Comparisons were made using  Chi2 or Mann–
Whitney tests as appropriate.
Results: Sixty-three patients met inclusion criteria, including 35 
females (55%) aged 70 yo (65–75). Thirty-four (54%) patients received 
C− and 28 C+. Patients’ medical history and baseline characteristics 
were similar between both groups, including frequency of chronic 
kidney disease (14%), neurological involvement (79%), platelet rate 
(16G/L(9-24)), hemoglobin level (8.9  g/dL(8–10)), elevated troponin 
(68%) and Glomerular Filtration Rate (GFR, 51 ml/min/1.73  m2(35–77)). 
All C+ patients received Rituximab versus 65% of C− (p < 0.05). Capla-
cizumab was administered 2 (1.5–7.5) days after admission, for 30 (21–
37) days, with frequent adverse effects (53%). Time to platelet count 
normalization was shorter with C+ (4 days vs 8, p < 0.05). C+ patients 

needed less TPE (5(4-8) sessions vs 11(6–16), p < 0.05) and experienced 
no case of refractory TTP. All patients requiring renal replacement 
therapy (RRT) belonged to the C− group (18% vs 0%, p = 0.056). For 
others, GFR was similar at discharge (C+ 78(59–94)  mL/min/1.73   m2 
vs C− 62(42–86)  mL/min/1.73   m2, p = 0.11). Hospital mortality was 
higher in the C− group than in the C+ group (38% vs 3.5%, p < 0.05). 
After a follow up of 165 (24–630) days, 1/3 of patients requiring RRT 
during initial hospitalization were RRT-free. For others, GFR was simi-
lar (C+ 78(64–90) mL/min/1.73   m2 vs C− 62(42–80) mL/min/1.73   m2, 
p = 0.24).
Conclusion: Our results should be influenced by the fact that C− 
patients were managed during the earlier period of the study and 
received different SOC, including a lower frequency of rituximab use. 
In this study, Caplacizumab seemed to improve outcome in elderly 
TTP patients with no clear effect on renal dysfunction.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: This retrospective work of the last 3 years (January 2018–
March 2021) analyzes the epidemiological characteristics of 1156 
cases of burnt children aged 0–17 years admitted to the National Burn 
Center emergency room so that these data serve as a basis for the 
development of a program of prevention, adequate, fast and effective 
treatment of burnt children. The age group from 1 month to 2 years 
was the most affected with 587 cases or 50.77% of patients.
Patients and methods/Materials and methods: Male involvement is 
found in 54% of cases, i.e. 624 patients. Burns occur at home in 99.48% 
of cases, i.e. 1,150 patients, and accidentally in 99.39% of cases, i.e. 
1,149 patients.
Results: Thermal burns accounted for 98.78% of cases or 1,142 
patients, dominated by liquids in 77.94% of cases or 901 patients. The 
burnt skin surface was ≥ 10% in 44% of cases, i.e. 509 patients. The 
burn mainly concerns upper limbs 57% of cases or 659 patients. The 
mortality rate was 7.61% or 39 patients.
Conclusion: This work also includes a retrospective comparison of 
the COVID period (March 2020–March 2021) to the pre-COVID period 
(March 2019–February 2020) during which the number of emergen-
cies had increased by 24 additional patients (370 versus 346) with hos-
pitalization an increase of 3.14% (171 versus 149) and during which 1 
child had tested positive for COVID 19. During this comparative period 
the mortality rate was down by 1.77% (5 versus 7).
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Acute bronchiolitis represents 8 to 13% of respiratory dis-
tress hospitalised in Pediatric Intensive Care Units (PICUs). The main 
challenge of care is the early management of respiratory failure and 
digestive intolerance. In the PICU, our practice has been to use the 
High Flow Nasal Cannula (HFNC) almost exclusively, due to its ease of 
use and good tolerance, despite the fact that the latest trials do not 
demonstrate its non-inferiority compared to CPAP. With this study, we 
would like to highlight an improvement in the quality of care and well-
being of our patients with moderate to severe bronchiolitis.
Patients and methods/Materials and methods: This is a retrospec-
tive descriptive study conducted over two periods P1 (2010–2013) 
and P2 (2017–2020) in the PICU on infants with moderate to severe 
acute bronchiolitis. The main objective of our study is to evaluate the 
improvement of the quality of care over time through a composite cri-
terion: the use of antibiotic therapy and the time to complete enteral 
feeding, by comparing them over the two distinct periods. The sec-
ondary endpoints were comparisons of clinical and therapeutic data.
Results: Our analysis involved 106 patients, 45 in the first period P1 
and 61 in the second period P2, matched for severity and age. Anti-
biotic use decreased over the decade (66.7% vs. 37.7%, p < 0.05) and 
completion of full enteral feeding tended to be shorter (3.1 (± 1.5) 
days vs. 2.6 (1.2) days respectively; p = 0.08). The use of HFNC as first-
line treatment increased significantly over the decade (33.3% vs 96.7%; 
p < 0.05) at the expense of CPAP, which is no longer used on P2. More 
aggressive care tended to decrease with lower rates of intubation 
(1.6% vs 8.9%; p = 0.16) and less intravenous glucose solution infusion 
(60.7% vs 91.1%; p < 0.05). Complication rates were low and similar in 
both periods. However, the total duration of ventilation was shorter on 
P1 with 4.5 (± 3.0) days compared to 5.5 (± 2.7) days on P2; p = 0.07.
Conclusion: The quality of care in our unit has improved over the last 
decade with greater adherence to international guidelines regard-
ing decreased antibiotic use and preference for enteral intake over 
infusion.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Spinal muscular atrophy is a neuromuscular disease of 
genetic origin. It is the leading genetic cause of infant mortality. 
Worldwide, the prevalence of this disease is estimated at 1 in 10,000 
births. The genes involved are the SMN1 and SMN2 genes, located 
on chromosome 5, whose deletion leads to the destruction of motor 
neurons, which results in an impairment of respiratory function. Nusin-
ersen is the first curative drug developed for the treatment of spinal 
muscular atrophy. It is an antisense oligonucleotide that binds to the 
pre-messenger RNA of the SMN2 gene, allowing the production of the 
SMN protein, and thus leading to improved motor control. The aim 
of this study was to evaluate the impact of Nusinersen on the admis-
sion to the pediatric intensive care unit in our hospital, for respiratory 
decompensation in children with spinal muscular atrophy.
Patients and methods/Materials and methods: Retrospective com-
parative study of the reasons for admission to a pediatric intensive 

care unit in children with spinal muscular atrophy, treated or not by 
Nusinersen, over the period 2015–2021.
Results: 69 patients with spinal muscular atrophy were hospitalised 
in our Intensive Care Unit between 2015–2021; 108 passages were 
related to respiratory decompensation, representing 41 patients. 
There has been a significant decrease in hospital admissions for res-
piratory decompensation in SMA over the last 4 years, which we were 
able to statistically correlate with the implementation of Nusinersen 
treatment (results under analysis).
Conclusion: We observed a significant decrease in hospitalisations for 
respiratory decompensation in the intensive care of unit of patients 
with AMSI and this correlated with the administration of Nusinersen.
Compliance with ethics regulations: N/A.
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Rationale: Continuous positive airway pressure (CPAP) has been 
shown to reduce the work of breathing (WOB) during severe acute 
bronchiolitis. Noninvasive Positive Pressure Ventilation (NIPPV) is also 
used in this condition but no study has compared NIPPV to CPAP. We 
aimed to compare WOB during CPAP and NIPPV in infants with acute 
bronchiolitis.
Patients and methods/Materials and methods: Infants < 6  months 
of age with bronchiolitis were included if they needed noninva-
sive respiratory support (NRS) within the first 24  h. Exclusion criteria 
included contra-indication for nasogastric tube, imminent intubation, 
neuromuscular disease, parental refusal. NRS was initiated by the 
attending physician according to local practice: CPAP + 7   cmH2O was 
the first-line setting, with NIPPV, set on clinical parameters and child’s 
comfort, being reserved for CPAP failure. Oesophageal  (PES) and gas-
tric pressures were measured using a nasogastric catheter (Gaeltec™). 
The study started with a first period with the baseline NRS (CPAP or 
NIPPV), followed by a 5-min washout (spontaneous breathing). After-
ward, a second period was performed with the other NRS. Within each 
period, a first recording was performed with the clinical settings (Clin) 
and a second with a physiological setting (Phys) aiming at normalizing 
WOB. For CPAPPhys, the CPAP level was increased from 6 to 10  cmH2O. 
For NIPPVPhys, initial inspiratory pressure was set at + 4  cmH2O above 
CPAP, and progressively increased, with inspiratory and expiratory trig-
gers set to optimize synchronization. The “optimal” NRS was the one 
associated with an optimal reduction in clinical symptoms,  PTCCO2 
(Sentec™), and estimated WOB  (PTPES/min = AUC of  PES during inspira-
tion × Respiratory Rate) over 10 stable breaths.
Results: 20 children were included, with a median [IQR] age of 1.4[0.8; 
2.9] months and a median weight of 4[3.5; 5.2] kilograms. Twelve 
infants had CPAP at baseline: CPAP remained the optimal mode in 7, 
whereas NIPPV was superior in 5. Eight infants had NIPPV at baseline: 
NIPPV remained the optimal mode in 2, whereas CPAP was superior in 
6 (Figure).
Conclusion: CPAP was associated with a decrease in WOB in the 
majority of infants with acute bronchiolitis. NIPPV may be superior 
to CPAP in some infants. Predictive factors associated with a need for 
NIPPV were not identified in the present study.
Compliance with ethics regulations: Yes in clinical research.
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Study flow chart
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Rationale: Neuroprotection is a major concern in children with 
congenital heart diseases. Cerebrovascular autoregulation (CAR) is 
the capacity of cerebral vessels to ensure a constant blood flow in a 
given range of mean arterial pressures (MAP) and may be a modifi-
able perioperative factor influencing outcomes. CAR has been shown 
to be altered before and during cardiopulmonary bypass, but has not 
yet been described in the postoperative period. The cerebral oximetry 
index (COx) estimates CAR by correlating regional cerebral oxygena-
tion and MAP. By plotting COx against MAP, the optimal MAP (opt-
MAP) and the lower and upper limits of MAP corresponding to optimal 
CAR (LLA and ULA) can be determined. Our aim was to evaluate the 
feasibility of continuously determining the opt-MAP, LLA, and ULA in 
children within 48 h of cardiac surgery and to describe CAR parame-
ters according to age and postoperative time frame.
Patients and methods/Materials and methods: Using a high-fre-
quency database, we retrospectively included all children admitted 
in a single pediatric intensive care unit (PICU) after cardiac surgery 
between May 2020 and June 2021. An algorithm for the continu-
ous calculation of the opt-MAP, ULA, and LLA was developed using a 
weighted combination of 40 time windows for the calculation of COx 
and opt-MAP. CAR results were described according to four prede-
fined age groups and postoperative time frames. We calculated the 
percentage of time with MAP outside the range of LLA to ULA. Results 
are reported as median [interquartiles] and comparisons between age 
groups and postoperative time periods were performed using using 
Wilcoxon and Kruskal-Wallis tests.
Results: Fifty-one children were included with a median monitoring 
time of 42 [23–44]  hours. Opt-MAP, LLA, and ULA were determined 
92% [88–95] of the time, with first results available 74.0 [IQR 60.0–
105.0] minutes after PICU admission. Lower opt-MAP were observed 
in neonates < 1 month old (Table). Children spent 25% [18–31] of their 
time with MAP outside the optimal CAR range, with no significant dif-
ference between age groups or periods.
Conclusion: The continuous calculation of Opt-MAP, LLA and ULA is 
feasible in children after cardiac surgery using signals routinely avail-
able in clinical practice. Children spent a significant proportion of time 
outside the optimal range of MAP based on CAR. Further research is 

warranted to explore the potential impacts of this deviation on neuro-
logical outcomes.
Compliance with ethics regulations: Yes in clinical research.

Cerebral autoregulation parameters according to age groups

FC‑006 
Optical thermography infrastructure to assess thermal 
distribution in critically ill children
SHCHERBAKOVA  Monisha1,2, NOUMEIR  Rita2, LEVY  Michael1, BRIDIER 
 Armelle1, LESTRADE  Victor1, JOUVET  Philippe1

1CHU Sainte Justine, Montreal, Canada; 2Ecole de technologie supérieure, 
Montreal, Canada 
Correspondence: Monisha SHCHERBAKOVA (monisha.shcherbakova.
hsj@ssss.gouv.qc.ca)
Annals of Intensive Care 2022, 12(1):FC-006

Rationale: The body temperature distribution at the skin surface 
could be used to monitor changes in cardiac output [1]. The aim of this 
study was to explore infrared thermography (IRT) as a non-invasive 
and reliable method to analyze core body temperature of critically ill 
children and assess the clinical value of temperature evolution across 
different parts of the body.
Patients and methods/Materials and methods: Patients admitted 
to the pediatric intensive care unit (PICU) were included in this study 
after parental consent was obtained (approved by the CHU Ste-Justine 
Research Ethics Board). An infrared sensor (Lepton 3.0 & 3.5 Thermal 
Camera, Teledyne FLIR, Canada) was used to take infrared (IR) images 
in clinical conditions. The infrared core and limb temperatures (θc & θl) 
were extracted. A line was drawn on the IR images starting from the 
center (eyes/internal canthus or thorax) and running along the limbs 
to the extremities. The temperature along this line was extracted 
and plotted on a graph, to study how the temperature modulates 
across the body. The gradient was calculated by taking the difference 
between the core (θc) and limb (θl) temperatures extracted from the 
images. The correlation between values was assessed by Spearman’s 
correlation coefficient.
Results: In total, 36 patients were included. Their median age was 
8 months [1–64.5], 7.4 kg [4.5–24.6]. The median [interquartile range] 
for θc extracted from the images was 33.9  °C [32.7–34.2  °C] and the 
median θl was 30.2  °C [28.9–33.1  °C]. There was a good correlation 
between the θc and the clinical axillary temperature (rho = 0.39 and 
p-value = 0.016). The median thermal gradient was 3.2 °C [1.1-4.6] and 
the maximum gradient was 6.0  °C. The temperature gradient across 
the body was subject to many artefacts (Fig. 1). Due to the low num-
ber of patients with hemodynamic instability, we could not study the 
correlation between thermal gradient and clinical status. Surprisingly, 
we observed a child with a negative thermal gradient (− 1.14 °C) i.e. 
higher temperature on the extremities (fingers) compared to the tho-
rax. This child had a cardiac surgery and was treated with a vasodilator 
(milrinone).
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Conclusion: The study documented that the thermal gradient was 
easily manually calculated. The automatic thermal gradients calcula-
tion needs further work to have an adequate segmentation and to 
identify artefacts. Further work is also needed to document the added 
value of monitoring changes in the thermal gradient over time to 
assist in the management of critically ill children with hemodynamic 
instability.
Reference 1: [1] Ferraris A, Bouisse C, Mottard N, Thiollière F, Anse-
lin S, Piriou V, et  al. Mottling score and skin temperature in sep-
tic shock: Relation and impact on prognosis in ICU. PLoS One. 
2018;13(8):e0202329.
Compliance with ethics regulations: Yes in clinical research.

IR image taken as part of the study, with a line joining the core (eyes) 
down to the extremities of the leg. The adjoining graph depicts the tem-
perature as it changes along this line.

FC‑007 
Trend over three decades of the stated practice pattern 
on the hemoglobin (Hb) threshold that would guide red blood 
cell (RBC) transfusion practice in pediatric intensive care units, 
on behalf of the CCCTG, PCCS, JICRG and GFRUP
GALLAND  Anne1, TUCCI  Marisa1, LETEURTRE Stéphane2, SARFATTI 
 Avishay3, RAY  Samiran4, STANWORTH  Simon5, FONTELA  Patricia6, KAWA 
GUC HI  Atsushi7, DEMARET  Pierre8, DUCRUET  Thierre9, LACROIX  Jacques1, 
DU PONT-THIBODEAU Geneviève1

1Division of Pediatric Critical Care Medicine, Department of Pediatrics, 
CHU Sainte-Justine, Université de Montréal, Montreal, Canada; 2Réanima-
tion et Surveillance Continue Pédiatriques, Hôpital Jeanne de Flandre, 
CHRU Lille, Lille, France; 3Department of Pediatrics, Oxford University Hos-
pitals NHS Foundation Trust, Oxford, Royaume-Uni; 4Department of Pedi-
atrics, Great Ormond Street Hospital, London, Royaume-Uni; 5Transfusion 
Medicine, Department: Haematology, NHS Blood & Transplant/Oxford 
Radcliffe Hospitals, Oxford, Royaume-Uni; 6Pediatric Critical Care, Depart-
ments of Pediatrics and of Epidemiology, Biostatistics, and Occupational 
Health, The Montreal Children’s Hospital, McGill University, Montreal, 
Canada; 7Pediatric Intensive Care Unit, Tokyo Women’s Medical University, 
Department of Intensive Care Medicine, Tokyo, Japon; 8Pediatric intensive 
care unit, Department of Pediatrics, CHC Liège, Liège, Belgique; 9Unité 
de recherches cliniques appliquées, Research Centre, CHU Sainte-Justine, 
Montréal, Canada 
Correspondence: Jacques LACROIX (jlacroix052@gmail.com)
Annals of Intensive Care 2022, 12(1):FC-007

Rationale: To determine the trend over three decades of the stated 
practice pattern of pediatric intensivist on the Hb threshold that 
guides their RBC transfusion practice.
Patients and methods/Materials and methods: Three scenario-
based self-administered questionnaires were filled by 163, 125 and 
132 respondents in 19971, 20102 and 2021, respectively. Three scenar-
ios were similar in these surveys: 1) previously healthy 4-year-old boy 
mechanically-ventilated after a severe multiple trauma; 2) idem with 
septic shock; 3) 5-month-old boy admitted to a Pediatric Intensive 
Care Unit (PICU) following corrective surgery for tetralogy of Fallot. 
Patients were hemodynamically stable in all scenarios. The question 
asked after each scenario was: what Hb concentration would prompt 
you to prescribe an RBC transfusion to this patient?

Results: Figure 1 reports the practice pattern stated in 1997, 2010 and 
2021. For all scenarios, all respondents (100%) should have chosen to 
prescribe an RBC transfusion only if the Hb level was
Conclusion: The TRIPICU study, a non-inferiority randomized con-
trolled trial (RCT) led by Lacroix et al. (N Engl J Med 2007;356:1609–19), 
enrolled 637 hemodynamically stable critically ill children who had Hb 
concentration ≤ 9.5 g/dL; it showed that a Hb threshold of 7 g/dL for 
RBC transfusion is not inferior to a threshold of 9.5 g/dL (absolute risk 
reduction with the restrictive strategy, 0.4%; 95% confidence interval, 
− 4.6 to 5.4) and that it can decrease transfusion requirements in PICU 
patients without increasing adverse outcomes. The main recommen-
dation of TRIPICU was not giving an RBC transfusion to hemodynami-
cally stable PICU patients if their Hb concentration is ≥ 7 g/dL. The RCT 
led by Cholette et al. (Ann Thorac Surg 2017;103:206–14) that enrolled 
134 cardiac children weighing ≤ 10  kg undergoing biventricular 
repair cardiac surgery and the RCT led by Holst et  al. (N Engl J Med 
2014;371:1381–91) that enrolled 1005 adults in septic shock with an 
Hb concentration ≤ 9 g/dL recommended the same Hb threshold (7 g/
dL). The gaps in 2021 between the expected proportion of respond-
ents who should have chosen a Hb threshold of 7.0 g/dL (100%) and 
the proportion who chose a higher Hb threshold remained important 
in 2021.
Reference 1: Laverdière C, Gauvin F, Hébert PC, Infante-Rivard C, 
Hume H, Toledano BJ, et al. Survey of transfusion practices in pediatric 
intensive care units. Pediatr Crit Care Med 2002;3:335–40.
Reference 2: Du Pont-Thibodeau G, Tucci M, Ducruet T, Lacroix J. 
Survey on stated transfusion practices in PICU. Pediatr Crit Care Med 
2014;15:409–16.
Compliance with ethics regulations: Yes in clinical research.

Trajectory of the stated practice pattern of pediatric intensivists on the Hb 
concentration that would prompt them to prescribe an RBC transfusion in 
cases of pediatric trauma, septic shock and post Fallot repair, taking into 
account 3 RCTs (arrows).
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Rationale: The European charter of the hospitalized child recom-
mends a 24-h presence of parents at the bedside. Despite major 
changes in the last decade, family presence in Pediatric Intensive Care 
Units (PICUs) still remain controversial within and across countries. The 
objective of this study was to describe the visiting policies and the 
parental presence during care in French PICUs.
Patients and methods/Materials and methods: A structured ques-
tionnaire was emailed to the 35 French PICUs. Data regarding visiting 
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policies, involvement in care, evolution of policies and general charac-
teristics were collected from April 2021 to May 2021. Descriptive analy-
sis were conducted.
Results: Response rate was 80% with 28 PICUs included. A 24-h access 
for parents was available for all PICUs (n = 28) with many facilities. 
Other authorized visitors were principally grandparents (n = 20, 71%) 
and siblings (n = 18, 64%) with a professional support. Number of 
visitors at the same time was mainly restricted to two visitors in 82% 
(n = 23) PICUs. Family presence was always permitted during medi-
cal rounds for 19 (68%) PICUs and sometimes authorized during car-
diopulmonary resuscitation for 8 (29%) PICUs. Most of the units never 
included parents during invasive procedures.
Conclusion: An unrestricted access at any time for both parents was 
found. Restriction regarding type and number of persons at bedside 
were still applied. Parental presence during care were heterogenous 
and still restricted. National guidelines and educational programs are 
needed to support family wishes and promote acceptance by health-
care providers.
Compliance with ethics regulations: N/A.
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Impact of hyperglycemia on critically ill COVID‑19 patient 
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ALILA  Ilef1, KHARRAT  Sana1, HADDED  Amina1, JERBI  Salma1, BACCOUCH 
 Najeh1, BAHLOUL  Mabrouk1, BOUAZIZ  Mounir1

1hopital Habib Bourguiba Sfax, Sfax, Tunisie 
Correspondence: Ilef ALILA (ilefalila1323@gmail.com)
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Rationale: Diabetes is a known risk factor for mortality in Coronavi-
rus disease 19 (COVID-19) patient. Our objective was to identify preva-
lence of hyperglycemia in COVID-19 patients and its effect on patient 
outcomes.
Patients and methods/Materials and methods: We conducted a ret-
rospective study including critically ill patients with confirmed SARS-
COV2 infection in an intensive care unit in between September 2020 
and December 2021.
Results: During the study period, 586 patients were included with a 
mean age of 59.5 ± 14.7 years and a sex ratio of 1.6. The median SAP-
SII and SOFA score were respectively of 29 ± 14.8 and 4 ± 2.6. Most 
patients had comorbidities, including hypertension (36%), obesity 
(32.1%) and diabetes mellitus (36.2%). The mean rate of serum glucose 
on admission was 12.5 ± 6.5  mmol/l. Hyperglycemia occurred in 225 
(38.4%) patients; 66 of these hyperglycemic patients (29.3%) had no 
prior history of diabetes. The mean PH and the mean HCO3- at admis-
sion were significantly lower in patients with hyperglycemia (7.37 ± 0.1 
vs. 7.41 ± 0.08; p < 0.001 and 22.7 ± 5.6 vs. 23.8 ± 4.7; p = 0.014 respec-
tively). The use of invasive mechanical ventilation was significantly 
higher in patient with hyperglycemia (p = 0.002). The rate of bacte-
rial infections and the length of stay were not significantly different 
between patients developing hyperglycemia or not. Mortality was 
significantly higher in patients developing hyperglycemia during hos-
pitalization (58.2% versus 43% p < 0.001; OR = 1.8[1.3–2.5]).
Conclusion: Hyperglycemia without prior diabetes was common and 
was associated with an increased use of invasive mechanical ventila-
tion and a higher risk of death.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The COVID-19 epidemic has been a health threat world-
wide causing multi-organ damage. However, the endocrine system 

and especially cortisol level has been less studied in this pathology. 
The aim of this study was to explore the role of cortisolaemia in the 
prediction of outcome in critically ill COVID-19 patients.
Patients and methods/Materials and methods: We conducted 
a retrospective study in a medical ICU over a period of 16  months 
[September 2020–December 2021] including patients with SARS-
COV2 infection. Cortisolaemia were measured during the first 24 h of 
hospitalization.
Results: During study period, 132 patients were included with 
mean age of 62.5 ± 12.7  years, gender ratio of 1.9. The median SAPS 
II score was 34 ± 14.3 and the median SOFA score was 4 ± 2.4. Most 
patients had comorbidities, including hypertension (45.5%), obesity 
(34.8%) and diabetes (37%). Median cortisol level was 71.2  ng/ml 
with extremes between 5.2 and 643  ng/ml. Severe acute respiratory 
distress syndrome (ARDS) was diagnosed in 103 (95%) patients, inva-
sive mechanical ventilation was required in 65 (49.2%) of cases and 
nosocomial infections were diagnosed in 58 (44%). Median ICU length 
of stay was 7 days ± 6.3 and overall mortality was of 49.2%. Hypoco-
rtisolemia was found in 78 (59%) patients. Fifty-seven patients (73%) 
with cortisol deficiency had severe ARDS versus only 46 (85%) in the 
group with a normal cortisolaemia (p = 0.325). Twenty-nine patients 
(37%) with cortisol deficiency required intubation vs 36 (67%) in the 
normal group; p = 0.001. The occurrence of infections during hospitali-
zation was observed in 30 (38.5%) patients with cortisol deficiency ver-
sus 28 (52%) in the other group (p = 0.15). Mortality was observed in 
32 patients with cortisol deficiency (41%) versus 33 (61%) in the other 
group.
Conclusion: Cortisol deficiency was frequently observed in our study 
but it was not associated with poor outcome in critically ill COVID-19 
patients.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Critically ill patients face significant catabolic situations. 
Nutrition is part of management beside various organ supply. The 
Intensive Care Unit (ICU) of our 2200-bed tertiary university hospital 
starts a quality and continuous improvement program for year 2021 
targeting artificial nutrition. The objective of the work was to involve 
healthcare providers in evaluation and improvement of nutrition man-
agement in daily ICU practice.
Patients and methods/Materials and methods: A multidisciplinary 
board composed of physicians (3), clinical pharmacists (3), nurses (3), 
nursing auxiliaries (2), physiotherapists (2) and dietitian (1) was set up 
in January 2021. A baseline audit was conducted in April 2021 in the 
entire unit (18 beds) focusing on concordance with current recom-
mendations between prescribed and administered nutritional intakes 
and traceability of written transmission. The board identified specific 
areas for quality improvement for each professional category. Impact 
of implemented measures was evaluated through a second identical 
audit in February 2022.
Results: The audit conducted over 10 days in April 2021 highlighted 
proper artificial nutrition practices. All included patients (n = 18; 
60 ± 15 yo; 92 ± 23  kg; IGS2 48 ± 7) had enteral nutrition (EN) within 
48 h of admission. Half of patients had a BMI over 30. Included popu-
lation mean ICU duration was 11,3  days and nutrition support was 
lasting for 10,9  days at time of audit. No patients received paren-
teral nutrition (PN). At observation patients reached an average of 
96% of recommended caloric targets with only 14/18 having nutri-
tional objectives achieved at Day-7 of nutritional support. Other 
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discrepancies included: adaptation to ideal body weight (0/9), pro-
tein target achievement (6/18), absence of complementary PN, lack 
of traceability of nutrition interruption (5/18), mismatch between 
either location or diameter of feeding tube (11/18), wrong or incom-
plete bedside EN identification (18/18). Major contributions resulted 
in weekly theorical and practical training sessions, digital tools for ICU 
providers, updated and standardized procedures for nutrition support 
initiation and follow up in various patient profile. Second audit is tak-
ing place during February 2022.
Conclusion: Nutrition brings ICU caregivers in a continuous improve-
ment program. It favours interprofessional interactions for direct 
patients benefit and proved importance and performance of multidis-
ciplinary approach for quality improvement. Preliminary data issued 
from second audit are encouraging but sustaining efforts are required 
for long lasting results. Other areas of ICU management may be eligi-
ble according to the same model.
Reference 1: D. Hurel, J. Y. Lefrant, N.J. Cano, C. Ichai, J. C. Preiser, F. 
Tamion. Nutrition artificielle en réanimation. Réanimation (2014) 
23:332–350.
Reference 2: P. Singer, A.R. Blaser, M.M. Berger, W. Alhazzani, P.C. Cal-
der, M. Casaer, M. Hiesmayr, K Mayer, J.C. Montejo, C. Pichard, J-C.Pre-
iser, A.R.H. van Zanten, S. Oczkowski, W. Szczeklik, S.C. Bischoff. ESPEN 
guideline on clinical nutrition in the intensive ca.
Compliance with ethics regulations: N/A.
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Rationale: According to the recommendations, for all patients admit-
ted to intensive care and likely to stay longer than 48 h nutrition must 
be quickly introduced. Lack of access to indirect calorimetry requires 
calculating the necessary nutritional intake according to the weight 
and the duration of hospitalization in ICU. Our objective is to assess 
caloric intake (nutritional and non-nutritional) in our medical intensive 
care unit.
Patients and methods/Materials and methods: This study is descrip-
tive and retrospective. All patients admitted between July 1 and Sep-
tember 30, 2021 and hospitalized more than 3 days, were included. We 
collected daily nutritional and non-nutritional caloric intake during 
the whole hospitalization. The weight used for calculation was the one 
measured at the admission (BMI < 30  kg/m2) or the adjusted weight 
(BMI ≥ 30 kg/m2).
Results: 180 patients were admitted and 140 were included. The aver-
age age was 59.7  years (± 12), 61% were male. The average of SOFA 
score was 7.8 (± 4.3) and the average of SAPS II score was 45 (± 19.4). 
The average length of ICU stay was 8.1 days (± 5.9) and the mortality 
rate was 23.8%. At 48 h, 62 patients (44.3%) received nutrition. Among 
these patients, 49 received oral nutrition and 13 received enteral 
artificial nutrition. None of them received a parenteral artificial nutri-
tion. From 140 patients, excluding 49 patients with an unquantifiable 
oral diet, the average caloric intake was 5.9 kcal/kg/day (± 2.8) for 91 
patients. This caloric intake was distributed as follows: 49% from glu-
cose solutions, 26.4% from lipids contained in propofol, 25.1% from 
artificial nutrition. At 7  days, 54 patients still hospitalized In ICU and 
39 patients (72%) received an enteral nutrition. The caloric intake was 
18.4 (± 7.4) kcal/kg/day.
Discussion: At 48  h, most of patients fed received a standard oral 
nutrition with an unknown number of calories ingested. During the 
first 3  days, if patients did not eat in the standard way, they had lit-
tle or no nutritional support. Most of the calories ingested during the 
first 3 days of resuscitation are provided by therapies such as propo-
fol and glucose. These therapies are administered either for sedation, 
or as a carrier or solvent, or for hydration, but not for nutritional pur-
pose. The caloric intake targets were not reached according to the 

recommendations in force. However, the mortality rate is average 
according to the SAPS score.
Conclusion: In our department, patientscaloric intake was lower than 
recommended. Many of caloric intake was brought by non-nutritional 
caloric intake in acute phase.
Reference 1: Guidelines for Nutrition Support in Critically Ill Patient, 
Réanimation (2014) 23:332–350.
Reference 2: ESPEN guideline on clinical nutrition in the intensive care 
unit. Singer P, et al. Clin Nutr. 2019.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Obese patients are more and more frequent in the Inten-
sive Care Units (ICU). This group of patients has unique pathophysio-
logic features involving all organs. They raise special challenges about 
their management in ICUs. Aspects like mechanical ventilation, artifi-
cial nutrition, thromboprophylaxis or antibiotic dosing can be difficult. 
Guidelines and clinical data are available about obese patient care, 
but their application in every day’s practice is uncertain. In the ICU in 
Antoine Beclere’s hospital (Clamart), we have created a clinical deci-
sion support system that brings the existing guidelines about those 
four features to the physicians in a friendly-user interface. In this study 
we have assessed the impact of this support system on the physician’s 
prescriptions.
Patients and methods/Materials and methods: In this retrospec-
tive study we have collected data about prescriptions and outcomes 
of obese patients during two periods, before and after the support 
system was made available. The endpoint was the number of prescrip-
tions following the existing guidelines. We have also assessed the phy-
sician’s satisfaction through a survey.
Results: Over a 3-year period, 39 patients have been included (23 
before and 15 after the availability of the support system). They repre-
sent 500 days of ICU admission. Patients were comparable in the two 
groups. They had a mean age of 62.35 years, mean BMI of 39.13 kg/m2 
and SOFA score of 4.71. For patients in the second group, prescribed 
tidal volume was lower (6.57 ml/kg of ideal body weight vs. 7.03 ml/kg; 
p < 0,001). Less overfeeding was observed (26.64  kcal/kg of adjusted 
body weight vs 28.32  kcal/kg; p = 0,03) without improving protein 
intake. Thromboprophylaxis prescriptions were more frequently in 
accordance with guidelines (74.8% vs 57,7%; p = 0,001). No difference 
was observed in antibiotic prescription or plasmatic concentration 
measurements. Surveyed physicians considered thromboprophylaxis 
and nutrition advice the most useful. They have used the support sys-
tem several times when caring for an obese patient.
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Conclusion: In our UCI, the availability of a computer clinical decision 
support system for prescription in obese patients brought physician’s 
prescriptions closer to existing guidelines. Physicians thought the sys-
tem was useful and user-friendly, especially for nutrition and thrombo-
prophylaxis aspects.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: “Non thyroidal illness syndrome” (NTIS) or “euthyroid sick 
syndrome” (ESS) is a possible biochemical finding in euthyroid patients 
with severe diseases. It is characterized by a reduction of serum T3 
(fT3). The relationship between thyroid hormones levels and mortal-
ity is well known. The sudden spread of the 2019 novel coronavirus 
(SARS-CoV 2) infection (COVID-19) and its high mortality become a 
world healthcare problem. Our purpose was to investigate the inci-
dence of this endocrinal perturbation in COVID-19 infected patients 
and the relationship between thyroid function and severity of this 
infection.
Patients and methods/Materials and methods: We prospectively 
considered patients admitted in SARS-CoV2 ICU Unit within 2 months. 
The SARS-Cov-2 infection was confirmed in all patients by PCR testing. 
Blood samples were collected within 48  h of admission and prior to 
any treatment that may affect thyroid hormone, on the third day and 
on the seventh day of ICU stay. NTIS was defined as serum FT3 lev-
els < 2 pg/ml, FT4 and TSH levels within or below the normal reference 
ranges.
Results: We enrolled 57 patients. The average age was 64 ± 11.7 years 
with a sex ratio at 1.28. The average ICU stay was 7 days (2-31 days). 
Only 16 (28%) patients had normal thyroid hormone levels while 41 
(72%) had developed NTIS. Thirty-one patients (54.4%) developed 
NTIS on admission. On the third day, 42% of ICU patients developed 
NTIS and they were 14 of 21 patients (66.6%) who developed this thy-
roid perturbation on the seventh day. Overall, troponin, cortisol-level, 
severe ARDS, ventilation and septic shock predicted disease severity 
and death. Patients with NTIS had worse symptomatology, worse pro-
files of inflammatory and tissue injury markers. But neither the NTIS, 
nor the Rt3 level predicted poor issue in our cohort.
Conclusion: NTIS pattern is common and relates to the severity of 
disease rather than SARS-CoV-2 infection. Thus, understanding the 
pathophysiology and evolution of NTIS is crucial even though it rarely 
require specific treatment. It is suggested that thyroid hormone moni-
toring in COVID-19 should not differ from other critically ill patients 
and it is important that endocrinologists recognize them to ensure 
appropriate management, particularly in the acute phase.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Diabetic ketoacidosis (DKA) is a serious metabolic com-
plication of diabetes. It is a potentially life-threatening condition and 
usually requires intensive care unit (ICU) hospitalization. We aimed 
to describe the epidemiological, clinical and evolutionary features of 
DKA managed in ICU.

Patients and methods/Materials and methods: A 7-year retrospec-
tive, descriptive and longitudinal single-center study including all 
patients admitted to a 6-bed ICU for DKA. Statistical analysis was per-
formed using SPSS 23.
Results: Sixty-two patients were enrolled. The mean age was 
36 ± 16  years with a female predominance (sex ratio 0.55). The most 
common type of diabetes was type 1 (60%), followed by type2 (21%) 
and inaugural diabetes (19%). The mean duration of diabetes was 
9 ± 8  years. The most common comorbidities were hypertension 
(28%) and chronic renal failure (23%). The mean duration of symptoms 
before hospitalization was 20 ± 8 h. The most common were asthenia 
(92%) and nausea, vomiting with abdominal pain (69%). Confusion 
or less alertness and increase in polydipsia and polyuria were noted 
in 37% and 32% of cases respectively. On admission, 47% of patients 
had dehydration, 22% shock and 16% were comatose. Fifty percent 
had acute kidney injury. The mean capillary blood glucose measure-
ment was 5.8 ± 1.6 g. The average levels of pH and bicarbonates were 
7.12 ± 0.14 and 6 ± 4 respectively. DKA was severe, moderate and mild 
in 84%, 11% and 5% of cases respectively. The mean IGS II and APACHE 
II were 22 ± 18 and 13 ± 10 respectively. Infection was the predomi-
nant precipitating factor (50%) followed by non-compliance to treat-
ment (30%). The symptoms regressed after restoration of fluid deficits, 
electrolyte replacement and continuous intravenous insulin therapy. 
Vasopressors and mechanical ventilation (MV) were imperative in 
19% and 11% of cases respectively. Only 8% required hemodialysis. 
DKA resolved within 20 h (extremes 5 and 33 h). The mean length of 
stay in ICU was 5 ± 3  days and mortality rate was 13%. In univariate 
analysis: IGS II (p <  10−3), APACHE II (p <  10−3), GCS (p <  10−3), shock on 
admission (p = 0.01) and MV (p <  10−3) were all predictors of mortal-
ity. Besides APACHE II (p = 0.03) and MV (p = 0.009) were the two inde-
pendent prognostic factors in multivariate analysis.
Conclusion: DKA occurs mainly in type1 diabetes. Although it was 
severe in most cases, it resolved within a few hours. However, mortal-
ity was relatively high in this study and was significantly associated to 
high APACHE II and need of mechanical ventilation. Adequate follow 
up and better diabetes education are necessary to avoid this serious 
metabolic complication.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The aim of the study was to assess the epidemiology of 
early-onset Acute kidney injury (EO-AKI) in COVID-19 pneumonia 
patients admitted to ICU.
Patients and Methods/Materials and Methods: This study, approved 
by the ethical committee of the French Intensive Care Society (CE-
SRLF20-20), was a prospective single center study, performed in the 
medical ICU of the university hospital of Clermont-Ferrand France. All 
consecutive adult patients aged ≥ 18 years, admitted between March 
20th, 2020 and August 31th, 2021 for COVID-19 pneumonia were 
enrolled. Patients with chronic kidney disease, referred from another 
ICU, and ICU length of stay (LOS) ≤ 72  h were excluded. Baseline 
patients’ characteristics, variables recorded regarding ICU admission, 
organ support and main laboratory features during ICU stay and out-
comes were collected. Biological testing on admission included mHLA-
DR, plasma cytokines (IL-6, CXCL8, IFN-alpha, IL-10 and IL1Ra); and 
AKI urinary (L-FABP, PODXL, TIMP-2IGFP7) and serum biomarkers(s-
Rage, SuPAR). AKI was defined according to the KDIGO classification 
and classified according to the timing of their recovery as transient, 
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persistent and acute kidney disease (AKD) (ref 1). EO-AKI was defined 
as the first episode of AKI occurring within 7  days of ICU admission. 
MAKE (Major Adverse Kidney Events) including death or new RRT or 
no renal recovery during the first 90  days after ICU admission were 
recorded. Uni and multivariate analyses were performed to determine 
factors associated with the presence of AKI and predictors of MAKE.
Results: 264 patients were included in this study. Patients’ character-
istics are described in Table  1. EO-AKI occurred in 87 patients (33%), 
including 43, 17 and 27 patients with EO-AKI stage 1, 2 and 3, respec-
tively. EO-AKI was classified as transient, persistent and AKD in 31 
(35.6%), 14 (16%) and 42 (48.2%) patients, respectively. The median 
ICU LOS was 8 days [5;13]. The ICU mortality was 30.4% (N = 80), and 
increased with EO-AKI occurrence and severity: 15.8%, 46.5%, 64.7% 
and 77.8% in patients without AKI, and with EO-AKI stage 1, 2 or 3, 
respectively (P < 0.001). ICU mortality in patients with transient, per-
sistent AKI and AKD were 50%, 50% and 77.4%, respectively and was 
significantly lower in patients with EO-AKI not developing AKD than in 
patients developing (P < 0.01).
Conclusion: In this single center study, EO-AKI developed in 30% of 
COVID patients admitted to ICU. EO-AKI stage 3 or AKD was associated 
with a fatal outcome in ≥ 77% of cases. Preventing EO-AKI occurrence 
and achieving EO-AKI recovery is of paramount importance in COVID-
19 patients.
Reference 1: Darmon, ICM, 2018.
Compliance with ethics regulations: Yes in clinical research.

Characteristics and comparisons of COVID-19 ICU patients with and with-
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Rationale: Acute kidney injury is a frequent complication in critically 
ill COVID 19 patients and is associated with severe outcomes. This 
study aims to describe the clinical characteristics of this Acute kidney 
injury and to assess its incidence.
Patients and methods/Materials and methods: A retrospective and 
descriptive study was conducted including all covid-19 patients admit-
ted in our ICU who presented an acute kidney injury defined by the 
KDIGO criteria, during a 6-month period. We collected demographic 
and anthropometric parameters, underlying comorbidities, nephro-
toxic medicine prescription, clinical features of the acute renal failure 
with the KDIGO grade, mechanical ventilation characteristics, require-
ment of kidney replacement therapy and outcomes. Data analysis was 
performed using SPSS 28.0 software.
Results: During our study period, 147 patients were admitted in our 
ICU. AKI incidence was 52,2% (71 patients out of 147). According to 
KDIGO criteria, 16.9% were staged KDIGO 1, 35.2% KDIGO 2 and 47.8% 
KDIGO 3. The mean age was 61  years, ranged from 27 to 93  years. 
38% were considered as elderly (> 65 years old). The main comorbidi-
ties were arterial hypertension (66%), diabetes mellitus (54.9%), atrial 
fibrillation (28.1%) and obesity (22.5%). Acute kidney injury occurred 
mainly around the 6th day of ICU and resolved after 7 days. For 18.3% 
of the patients, the AKI was transient, defined as a return to the base-
line serum creatinine levels or its decrease of 50% or more within the 
72  h after the onset of the AKI. Most of the patients were intubated 
(87%) and 96% were ventilated with a high PEEP (> 12   cmH2O). AKI 
occurred after the intubation in 73.2% of the cases, 2  days after on 
average. In 25.4% of the cases, AKI was associated with septic shock. 
Prescription of nephrotoxic drugs was identified in 77.4% of cases. 12 
patients (16.9%) required a replacement kidney therapy, but only 2 of 
them had a dialysis session, due to the lack of dialysis facilities in our 
ICU. The 28-day mortality rate was 84,5%.
Conclusion: The incidence of Acute kidney injury in our ICU was 52.2% 
and occurred mainly in elderly patients with underlying comorbidities. 
Most patients required a mechanical ventilation with high levels of 
PEEP. The 28-day mortality was 84,5%.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Coronavirus disease 2019 (COVID-19) is a respiratory ill-
ness caused by an emerged virus SARS-CoV-2. An alarming number of 
patients with SARS-CoV-2 infection especially severe cases have been 
reported to develop Acute Kidney Injury (AKI). Our study is aimed to 
investigate features, outcomes and risk factors for Acute Kidney Injury 
in Critically Ill COVID-19 patients.
Patients and methods/Materials and methods: It is a retrospective 
observational study conducted from March 2020 to October 2021, in a 
Medical ICU. Information regarding demographic, clinical characteris-
tics and outcomes of Critically Ill COVID-19 patients was obtained from 
medical records. AKI was defined according to the Kidney Disease 
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Improving Global Outcomes (KDIGO) clinical practice Guideline. Multi-
variate analysis was performed to evaluate risk factors for AKI.
Results: 442 critically ill COVID-19 patients were admitted to ICU dur-
ing the study period. Median age, 64 [54–71] years; 279(63.1) were 
males. Hypertension, 197(44.6); diabetes mellitus, 187(42.3) and 
chronic kidney disease 36(8,1). Median SAPS II, 28 [22–35]. All patients 
had acute hypoxic respiratory failure and needed either noninvasive 
or invasive mechanical ventilatory support. 215(48.6) patients required 
invasive mechanical ventilation (IMV) and 195(44) received a vasoac-
tive drug. 209(47,2) developed AKI during hospitalization. Among the 
209 patients with AKI, 31(14.8), 22(10.5) and 156(74.6) had stage 1, 2, 
and 3, respectively. AKI occurred within a median of 5[1–24] days of 
hospitalization. 37(21,0) patients received renal replacement therapy, 
with a total of 117 sessions. The causes of acute kidney injury can be 
divided into two categories, hypoxic acute tubular necrosis in 177(84) 
and type 1 cardiorenal syndrome in 31(14.8) patients. The mortality 
was significantly higher in AKI group compared to those without (54% 
vs 43%, p 0.01). The mortality rate was 6.6% (n = 14), 3.8% (n = 8), and 
42% (n = 89) among those with AKI stages 1, 2, and 3, respectively. 
On univariate analysis, the factors predicting AKI were mechanical 
ventilation(p = 0.05), cardiogenic shock (p = 0.001), positive fluid bal-
ance (p = 0.000), vasopressors use (p = 0,019); Multivariate regression 
model identified the following factors as independently associated to 
AKI, cardiogenic shock, (OR, 2.59; 95% CI, [1.5–4.3]; p = 0.000); positive 
fluid balance, (OR, 1.76; 95% CI, [1.3–2.2]; p = 0.000).
Conclusion: AKI among patients with severe to critical COVID-19 was 
common. Several factors were shown to contribute to its occurrence. 
This complication was highly associated with mortality.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Acute kidney injury (AKI) is a common metabolic com-
plication in the COVID-19 particularly among critical forms. Besides 
the viral tropism the pathogenesis of AKI is likely multifactorial. We 
aimed to describe the epidemiological, clinical and biological features 
of patients admitted to intensive care unit (ICU) for critical forms of 
COVID-19 in order to deduce the risk factors of AKI.
Patients and methods/Materials and methods: A 16-month pro-
spective analytic study (September 2020–December 2021) includ-
ing all patients (without a chronic kidney failure history) admitted to 
ICU for critical forms of COVID-19. The patients were divided into two 
groups: -Group 1: patients who developed AKI during ICU stay. -Group 
2: patients who have maintained normal kidney function. The KDIGO 
classification was adopted to stratify the AKI. The statistical analysis 
was performed using SPSS 23.
Results: Overall 140 patients were included. Twenty-three per cent 
developed AKI (33 cases in group 1 and 107 in group 2). The mean 
age was 58 ± 13 with male predominance (sex ratio 1.2). The most 
common comorbidities were hypertension (64%) and diabetes (62%). 
The mean IGS II and APACHE II were 40 ± 13 and 13 ± 6 respectively. 
The mean base creatinine level was 79 ± 22  mmol/l. The mean cre-
atinine level at the onset of AKI was 295 ± 201  mmol/l. According to 
the KDIGO criteria the group 1 patients were staged class I (4 cases), 
class II (11 cases) or class III (18 cases). The mean period for develop-
ing AKI was 8 days. Sepsis and hypotension were the two predominant 
precipitating factors of the AKI (45% and 33% of cases of group 1). 
Hemodialysis was indicated in 40% of cases. The AKI was irreversible 
in 72% of the cases. In univariate analysis, there were no significant dif-
ferences between the two groups in gender, comorbidities, IGS II and 
ICU length of stay. However, age (p = 0.007), Apache II (p = 0.01) and 
septic shock (p < 10-3) were the main risk factors of AKI. Only septic 

shock (p < 10-3) was an independent factor in multivariate analysis. 
Besides group 1 patients required more invasive ventilation (p = 0.001) 
and developed much more healthcare-associated infections (p < 10-3). 
Overall mortality rate was 69%. It was higher in group 1 (87%) com-
pared to group 2 (63%) with a significant difference (p = 0.029).
Conclusion: The occurrence of AKI in critical forms of COVID-19 was 
frequent in our study and was associated to a higher mortality. Septic 
shock was the main risk factor of AKI. These results need to be con-
firmed by further larger studies.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Kidney failure is the second most frequent condition after 
acute respiratory distress syndrome (ARDS) in critically ill patients with 
severe COVID-19 and is strongly associated with mortality. The aim of 
this multicentric study was to assess the impact of the specific treat-
ments of COVID-19 and ARDS on the risk of severe acute kidney injury 
(AKI) in critically ill COVID-19 patients.
Patients and methods/Materials and methods: In our cohort study, 
we retrospectively analysed a database of consecutive patients hospi-
talized in 6 ICUs for COVID-19. The incidence and severity of AKI were 
monitored during the entire ICU stay. Patients older than 18  years 
admitted to the ICU for COVID-19-related ARDS requiring mechanical 
ventilation were included.
Results: 164 patients were included in the final analysis, 97 (59.1%) 
displayed AKI, of which 39 (23.8%) severe stage 3 AKI and 21 (12.8%) 
requiring renal replacement therapy (RRT). In univariate analysis, 
severe AKI was associated with Angiotensin Converting Enzyme inhib-
itors (ACEI) exposure (p = 0.016), arterial hypertension (p = 0.029), 
APACHE-II score (p = 0.004) and mortality at D28 (p = 0.008), D60 
(p < 0.001) and D90 (p < 0.001). In multivariate analysis, the factors 
associated with the onset of stage 3 AKI were: exposure to ACEI (OR: 
4.238 (1.307–13.736), p = 0.016), APACHE II score (without age) (OR: 
1.138 (1.044–1.241), p = 0.003) and iNO (OR: 5.694 (1.953–16.606), 
p = 0.001). Protective factors were prone positioning (OR: 0.234 
(0.057–0.967), p = 0.045) and dexamethasone (OR: 0.194 (0.053–0.713), 
p = 0.014).
Discussion: Our study confirms the negative impact of AKI on mor-
tality in COVID-19 in critically ill patients, and then the need to be 
careful about risk factors of AKI and to implement strategies to limit 
nephrotoxicity in the ICU. We report for the first time an independent 
association of iNO with both severe AKI and the need for RRT in severe 
COVID-19 patients. In our study, iNO did not improve mortality rates 
or the duration of MV and was associated with AKI and RRT. Thus, we 
suggest against its using in COVID-19-related ARDS, when other thera-
peutic strategies are available. Dexamethasone could decrease glo-
merular and interstitial inflammation observed in kidneys, decreasing 
the risk of AKI during severe COVID-19, which may have contributed 
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to a decrease in the AKI rate between the first and the second wave of 
COVID pandemics.
Conclusion: Dexamethasone was associated with a prevention of the 
risk of severe AKI and RRT, and iNO was associated with severe AKI and 
RRT in critically ill patients with COVID-19; iNO should be used with 
caution in COVID-19 related ARDS.
Reference 1: Orieux A et al. Impact of dexamethasone use to prevent 
from severe COVID-19-induced acute kidney injury. Crit Care Lond 
Engl. 2021 Jul 16;25(1):249.
Reference 2: Ruan SY et  al. Inhaled nitric oxide therapy and risk of 
renal dysfunction: a systematic review and meta-analysis of rand-
omized trials. Crit Care. 2015 Dec;19(1):137.
Compliance with ethics regulations: Yes in clinical research.

Figure 1: Flow chart of the study AKI: Acute Kidney Injury, ESRD: End-stage 
renal disease, ICU: Intensive Care Unit, RRT: Renal replacement therapy
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Rationale: Patients with COVID-19 have multiple clinical conditions 
that may cause electrolyte imbalances. Hyponatremia is a prevalent 
metabolic disorder that could be involved with adverse outcomes in 
critically ill COVID-19 patients. The aim of this study was to describe 
the impact of hyponatremia on outcomes of COVID-19 patients, 
including mortality.
Patients and methods/Materials and methods: This was retrospec-
tive observational cohort study included all consecutive COVID19 
patients admitted to the intensive care unit from March 2020 to 
September 2021. All COVID-19 patients in whom serum sodium was 
measured at admission were included. Patients were divided into two 
groups: GI patients without hyponatremia; G II patients with hypona-
tremia (serum sodium < 135  mmol/L). Outcomes such as mortality, 
need for invasive mechanical ventilation (IMV), sepsis, and acute kid-
ney injury (AKI) were assessed.
Results: During the study period, 520 patients were collected and 
divided into two groups (G I n = 394; G II n = 126). The median age was 
61 years [52-69] with a gender ratio (H/F) of 1.65. The mean of the SAPS 
II score was 27.9 ± 10. The most common comorbidities were hyper-
tension (38.2%) and diabetes (36.5%). The mean body mass index was 
30.79. The incidence of hyponatremia at admission was 23.4% and it 
was generally mild (n = 100; 79%). Demographic characteristics were 
similar between the two groups. Transit disorders particularly emesis 
prior to admission were more common in the hyponatremia group 
(21% vs 13.3%; p = 0.055). Pulmonary bacterial co-infection occurred 
more in GII (14.3% vs 7.8%; p = 0.030). Hyponatremic patients had 

higher ferritin levels (1500  μg/l [205–1500] vs 401  μg/l [250–1030]; 
p = 0.05). Hyponatremia was not associated with increased risk of 
AKI (48.3% vs 41.8%; p = 0.403) or sepsis (35.8% vs 26.1%; p = 0.140). 
IMV and death were not significantly more frequent in hyponatremic 
patients compared with normonatremic patients (61.1% vs 55.3%; 
p = 0.257; 59.5% vs 52.3%; p = 0.156, respectively).
Conclusion: Mild hyponatremia at admission is common but is not 
associated with poor outcomes in patients with critical COVID-19.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Patients with COVID-19 have multiple clinical conditions 
that can cause electrolyte imbalances, including hypokalemia. This 
study aimed to estimate the prevalence and outcomes of hypokalemia 
in patients withCOVID-19 admitted to intensive care units (ICU).
Patients and methods/Materials and methods: We conducted a 
retrospective study in an ICU over a period of 16 months [September 
2020–December 2021] including patients with SARS-COV2 infection.
Results: During the study period, 586 patients were included with a 
mean age of 59.5 ± 14.7 years and a sex ratio of 1.6. The median SAP-
SII and SOFA score were respectively of 29 ± 14.8 and 4 ± 2.6. Most 
patients had comorbidities, including hypertension (36%), obesity 
(32.1%) and diabetes mellitus (36.2%). A total of 52 patients (9%) had 
hypokalemia. Severe ARDS was observed in 63% of the first group ver-
sus 72% of the second group (p = 0.109). No significant difference was 
found in terms of use of NIV (59.6% versus 65%; p = 0.4) and invasive 
mechanical ventilation (75% versus 72.8%; p = 0.73). The mean dura-
tion of mechanical ventilation was longer in the hypokalemia group: 
7.7 days versus 4.4 days in the second group (p < 0.001). Similarly, the 
average length of stay in the intensive care unit was higher in the first 
group than in the second group: 9.3 days versus 7.3 days (p = 0.021). 
Mortality was higher in patients with hypokalemia but the difference 
was not significant 59.6% versus 47.9% (p = 0.108). The use of diuretics 
and corticosteroids was comparable between two groups.
Conclusion: Hypokalemia in patients with covid-19 admitted to the 
ICU is associated with prolonged duration of mechanical ventilation 
and ICU stay but does not influence mortality.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Dysnatremia is common in patients hospitalized in the 
intensive care units, often worsening the prognosis of lung disease 
and severe illness. The main objective of this study is to assess the 
prevalence of hyponatremia in patients with COVID-19 admitted to 
the IC U and to evaluate the impact of hyponatremia on severity and 
outcomes in COVID-19 patients.
Patients and Methods/Materials and methods: We conducted a 
retrospective study including all COVID-19 patients hospitalized in an 
intensive care unit during a period of 16  months. We compared two 
groups of patients: the first (G1) group of patients with hyponatremia 
and the second (G2) group of patients with normal natremia.
Results: A total of 126 patients (21.5%) developed hyponatremia in 
our study. There were more male patients in hyponatremia group 91 
(72.2%) versus 269(58.5%) (p = 0.005). The average age was compara-
ble between the two groups (59.1  year in G1 versus 60.9  year in G2; 
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p = 0.24). Pulmonary lesions on chest CT performed during hospitali-
zation were significantly more extensive in the first group (p = 0.023). 
The prevalence of renal failure was higher in the hyponatremia group 
with a significant difference (49.2% versus 38.5%; p = 0.03). Regard-
ing the use of invasive ventilation, the two groups were comparable 
(p = 0.96) and there was no significant difference in terms of dura-
tion of mechanical ventilation (p = 0.6). Hyponatremia was a risk fac-
tor for prolonged stay in intensive care units 8.9 days i versus 7.1 days 
(p = 0.03). Mortality was higher in the hyponatremia group but the dif-
ference was not significant 52.4% versus 48% (p = 0.38).
Conclusion: Hyponatremia had poor outcome in our study. It was 
associated with more extensive parenchymal damage, an increased 
prevalence of renal failure and a longer stay in ICU.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Atrial fibrillation is the most common acquired arrhyth-
mia in the intensive care unit (ICU) and is associated with increased 
morbidity and mortality. However, patient characteristics, particularly 
echocardiographic features of new-onset atrial fibrillation (New-AF), 
are scarce. In addition, little is known about the long-term outcomes 
of patients with New-AF.
Patients and methods/Materials and methods: We conducted a sin-
gle-center prospective observational study in a medical intensive care 
unit. All consecutive patients admitted were included. Continuous 
electrocardiogram monitoring was checked daily for New-AF. Patients 
were divided into the following groups: New-AF patients, patients 
with a history of AF, and No-AF patients when no AF was previously 
diagnosed or documented during hospitalization. Transthoracic echo-
cardiography, electrocardiogram, and blood analysis were performed 
at admission and in case of New-AF. The following outcomes were 
collected 6 months after ICU discharge: re-hospitalizations, strokes or 
other thromboembolism, and mortality.
Results: Over a 5-month period, 110 patients were included: 21% (23) 
New-AF patients, 13% (14) with a history of AF, and 66% (73) No-AF 
patients. New-AF patients were predominantly male (61%), were sig-
nificantly older (70 versus 58  years, p < 0.01), and had more comor-
bidities than patients without AF. Patients with New-AF had higher 
levels of high-sensitivity troponin I, B-type natriuretic peptide and 
protein C reactive than No-AF patients (respectively 73 vs 18  ng/L, 
408 vs 55 pg/L, and 114 vs 32 mg/L; p < 0.01). At the time of AF onset 
in the New-AF group, kalemia was lower than at admission (3.5 vs 
4.4 mmol/L, p < 0.01). In New-AF patients, TTE showed more left ven-
tricular systolic and diastolic dysfunction, right ventricular systolic 
dysfunction, pulmonary hypertension and more enlarged left atrial 
and left ventricular index volumes than in No-AF patients. New-AF 
patients had more acute pulmonary edema and cardiogenic shock 
than No-AF patients (respectively 48% versus 6% and 26% versus 4%; 
p < 0.01). New-AF was significantly associated with greater use of ino-
tropic or vasopressor drugs, mechanical ventilation, and renal replace-
ment, and had higher in-hospital mortality (44% vs 12%, p < 0.01) than 
No-AF patients. During follow-up, there was no difference in re-hospi-
talizations, thromboembolism, or mortality between all groups (42% 
versus 36%, 8% versus 2%, and 15% versus 10%, respectively, between 
patients with AF and No-AF patients; p > 0.05).
Conclusion: In a medical intensive care unit, the incidence of New-
AF was 21%. New-AF patients had more echocardiographic abnor-
malities, organ failure, and higher in-hospital mortality than No-AF 
patients. No difference in outcomes was observed 6 months after ICU 
discharge between all groups.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Cardiac surgery with cardiopulmonary bypass (CPB) has a 
high risk to induce tissue hypoperfusion and oxygenation impairment. 
This can lead to complications and organ failure. Blood lactate eleva-
tion is a classic marker of anaerobic metabolism and hypoperfusion. 
But lactate increasing can result from aerobic glycolysis acceleration or 
impaired clearance. Lactate/Pyruvate ratio (L/P) was studied in septic 
shock and seems to have a better specificity of anaerobic metabolism. 
The aim of this study is to assess whether the L/P is associated with 
adverse outcome after cardiac surgery.
Patients and methods/Materials and methods: This is a prospec-
tive, observational, monocentric clinical study being performed. We 
included 26 patients over 18  years undergoing cardiac surgery with 
CPB, from October 2021. We have an objective of 80 patients. We did 
not include patients with severe hepatocellular impairment, preopera-
tive hemodynamic instability, or severe renal failure. We have excluded 
patients who have died during surgery, patients who can only leave 
the operating room with a circulatory assistance technique. Arterial 
blood lactate and pyruvate were collected, lactate in sodium fluoride 
tube, pyruvate in perchloric acid tube. The samples were transported 
at 4 °C, and then analyzed by enzymatic colorimetric reaction for lac-
tate and spectrophotometry for pyruvate. We have analyzed receiving 
operating curve (ROC) of L/P for complications occurring. We tested 
then the correlation of the variables with prognosis interest to L/P by 
Spearman test.
Results: Complications rate was 46.2%. Mortality rate was 26.9%. 
Mean age was 61.96 ± 9.34. Median Euroscore II was 1.5 (1.09; 2.13). 
23 patients have lactate level > 2  mmol/l. Only 18 (78.26%) of these 
patients have L/P > 16 (a cutoff used previously in septic shock). L/P 
was predictive of complications with area under ROC 0.857, higher 
than area under ROC of lactate which was 0.777. Best threshold was 
20.34. LP median was significantly higher in group with complications 
and in non survivor group. We found that L/P is correlated to Euroscore 
II, duration of CPB and SAPSII at one and two days postoperative.
Conclusion: We conclude that L/P is associated with poor outcome 
after cardiac surgery. L/P is more efficient than lactate to predict post-
operative complications. L/P could be used as an additional tool to 
identify patients with high risk of adverse outcome after cardiac sur-
gery. Nevertheless, these results should be confirmed in larger mul-
ticentric studies. A randomized trial comparing a standard therapy 
strategy with a strategy based on L/P is needed to allow clinicians to 
make a therapy decision using LP.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Adults who have been infected with SARS-CoV-2 can 
develop a multisystem inflammatory syndrome (MIS-A), including 
myocarditis. Yet, several patients fail to meet MIS-A criteria, suggesting 
the existence of distinct phenotypes of COVID-19 related myocardi-
tis. The objective of this study was to compare the characteristics and 
clinical outcome between patients with COVID-19-related myocarditis 
fulfilling MIS-A criteria (MIS-A+) or not (MIS-A−).
Patients and methods/Materials and methods: We retrospectively 
reviewed the prospectively constituted database of our 26-bed ICU 
between March 2020 and June 2021, and included all patients admit-
ted for suspected myocarditis with proven SARS-CoV-2 infection, 
without vaccination against COVID-19. The primary endpoint was 
in-hospital mortality. The secondary outcomes included left ventricle 
ejection fraction (LVEF) evolution, and long-term survival.
Results: Between March 2020 and June 2021, 38 patients required ICU 
admission (male: 66%; mean age: 32 ± 15 years) for suspected COVID-
19-related myocarditis. All had positive SARS-CoV-2 RT-PCR (37%) or 
serology (68%). In-ICU treatment for organ failures included dobu-
tamine (79%), norepinephrine (60%), mechanical ventilation (50%), 
VA-ECMO (42%) and renal replacement therapy (29%). In-hospital 
mortality was 13%. Twenty-five (66%) patients met the MIS-A criteria. 
MIS-A− compared to MIS-A+ patients were characterized by a shorter 
time lapse between the first COVID-19 symptoms and myocarditis (3 
vs. 8  days, p = 0.04), a lower left ventricle ejection fraction (LVEF 10 
vs. 30%, p = 0.01; LVOT-VTI 5 vs.13  cm, p < 0.0001), as well as higher 
in-ICU organ failure, need for mechanical circulatory support with VA-
ECMO (92% vs.16%, p < 0.0001), and in-hospital mortality (31% vs. 4%, 
p = 0.04). The main differences between the phenotypes of MIS-A+ 
and MIS-A− patients are summarized in the Central Illustration Median 
LVEF at ICU and hospital discharge was 42% [30–54] and 60% [50–64] 
respectively. At the last follow-up (median [IQR] 235 [155–359] days), 
32 patients were alive, all but one with normal LVEF, and one was lost 
of follow-up. The main differences between the phenotypes of MIS-A+ 
and MIS-A− patients are summarized in the Central Illustration.
Conclusion: MIS-A+ and MIS-A− COVID-19-related myocarditis 
patients have two distinct phenotypes in term of clinical presenta-
tion, timing, prognosis, and immunological profile. This study dif-
ferentiated for the first time these two phenotypes, and it seems 
relevant for patients’ management and further understanding of their 
pathophysiology.
Compliance with ethics regulations: Yes in clinical research.

Main phenotypic differences between (MIS-A+) and (MIS-A−) COVID-
19-related myocarditis.
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Rationale: The COVID-19 outbreak, caused by the Severe Acute Res-
piratory Syndrome coronavirus 2 (SARS-CoV2), has affected unprec-
edently all regions of the world. Critically ill COVID-19 patients exhibit 
inflammatory syndrome and frequent arterial and venous thrombosis 
affecting large vessels and microcirculation. Plus, clinical and histo-
logical studies have reported that SARS-CoV2 infection may damage 
the endothelium. However, the impact of this virus on endothelial 
function in vivo remains poorly characterized. This prospective obser-
vational study aimed to compare skin microvascular endothelial 
reactivity in critically-ill COVID-19 to patients admitted in the ICU for 
non-COVID-19 bacterial pneumonia (NCBP).
Patients and methods/Materials and methods: We conducted a 
prospective observational study in an 18-bed ICU. We included con-
secutive COVID-19 adult patients and patients with non-COVID-19 
bacterial pneumonia admitted to our ICU for acute respiratory failure. 
Microvascular endothelial reactivity was assessed in the forearm skin 
area within the first 24 h of admission using acetylcholine iontopho-
resis coupled with Laser doppler. This non-invasive technique allows 
transdermal diffusion of acetylcholine across the skin to subcutane-
ous capillaries which results in endothelium-dependent vasodilatation 
and increased blood flow. The endothelial reactivity was quantified by 
the area under the curve (AUC) of the blood flow curve within a stand-
ardized 10-min recording. Hemodynamic and tissue perfusion param-
eters were also recorded.
Results: During 3 consecutive months, 32 COVID-19 patients and 11 
control NCBP patients with acute respiratory failure were included. 
The median age was 59 [50–68] and 69 [57–75] years in COVID-19 
and NCBP groups, respectively (P = 0.11). No significant difference 
in comorbidities or medications was observed between the two 
groups, except for body mass index, which was higher in COVID-19 
patients. NCBP patients had higher SAPS II score compared to COVID-
19 patients (46 [32–51] vs. 23 [18-30], P < 0.0001) but SOFA score was 
not different between groups (4 [3–4] vs 4 [2–5.3], P = 0.51). Global 
hemodynamic and peripheral tissue perfusion parameters were not 
different between groups. COVID-19 patients had significant lower 
skin basal blood flow compared to NCBP patients (7.9 [5.5–9.9] vs. 10.4 
[9.4–12.1] UI, P = 0.02). In addition, endothelium-dependent microvas-
cular reactivity was threefold lower in COVID-19 patients compared 
to NCBP patients (AUC 3911 [1725–6318] vs. 14280 [5038–19743], 
P = 0.008) (Fig. 1)
Conclusion: In critically ill COVID-19 patients, we evidenced a drasti-
cally impaired skin microvascular endothelium-dependent vasore-
activity at the early phase of the disease compared to non-COVID-19 
bacterial pneumonia patients. This result supports the hypoth-
esis of a singular and clinically relevant SARS-CoV 2-associated 
endotheliopathy.
Compliance with ethics regulations: Yes in clinical research.

Figure 1. A. Skin microvascular blood flow in response to three stimulation 
of acetylcholine (arrows) in NCBP patients (grey) and in COVID-19 patients 
(red), represented as mean+/ SEM every seconds for 10 min after the first 
electric stimulation. B.
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Rationale: There is some evidence that Covid 19 pneumonia is asso-
ciated with prothrombotic status and increased risk of venous throm-
boembolic events (1). The aim of this study was to determine the 
incidence of PE in patients with COVID-19, risk factors and its predic-
tion of outcome in critically ill COVID19 patients.
Patients and methods/Materials and methods: We conducted a 
retrospective study in a medical ICU over a period of 16 months [Sep-
tember 2020–December 2021] including patients with SARS-COV2 
infection.
Results: During the study period, 586 patients were included with a 
mean age of 59.5 ± 14.7 and a gender ratio of 1.6. The median SAP-
SII and SOFA score were respectively of 29 ± 14.8 and 4 ± 2.6. Most 
patients had comorbidities, including hypertension (36%), obesity 
(32.1%) and diabetes (36.2%). 509 (87%) patients received therapeu-
tic anticoagulation on admission versus only 77 (13%) received pro-
phylactic anticoagulation. Twenty-eight (4.7%) patients had venous 
thromboembolic events: PE was diagnosed through CT pulmonary 
angiography in 22 (3.8%) of 586 hospitalized patients with COVID-
19 and deep venous thrombosis was diagnosed in 10 (1.7%) patients 
through doppler ultrasound of lower limb. Four patients had both 
complications. The comparison between 2 groups with or without 
thromboembolic (TE) complications showed that the risk factors usu-
ally associated the development of thromboembolic complications 
were not significantly different (high blood pressure in 7 (25%) vs 204 
(36.6%) p = 0.2, diabetes in 9 (32.1%) vs 203 (36.4%) p = 0.8, obesity in 
13 (46.4%) vs 175 (31.3%) p = 0.09, smoking in 6 (21.4%) vs 125 (22.4) 
p = 0.9). Invasive mechanical ventilation was required in 264 (45.1%) 
patients, 20 (71.4%) in the group with TE complications and 244 
(43.7%) in the other group, p = 0.004. Mortality was similar between 
the 2 groups (15 (53.5%) vs 272 (48.7%); P = 0.6).
Conclusion: TE complications were rare in our cohort. These complica-
tions are associated with higher use of mechanical ventilation but not 
with higher mortality.
Reference 1: (1) Pompilio Faggiano, Andrea Bonelli, Sara Paris, 
Giuseppe Milesi, Stefano Bisegna, Nicola Bernardi, Antonio Curnis, 
Eustachio Agricola, Roberto Maroldi: Acute pulmonary embolism in 
COVID-19 disease: Preliminary report on seven patients.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Anti-RNA-polymerase III autoantibodies (RNApol3)-associ-
ated fulminant myocarditis is a recently discovered entity associating 
recurrent viral (mostly influenzae)-induced fulminant myocarditis and/
or severe pericarditis in patients with RNApol3 but no overt systemic 
sclerosis. It is a serious condition owing the severity of myocarditis 
episodes and the risk of relapse. The pathophysiology of the disease 
is unknown. We conducted this study to better delineate the clinical 
characteristics and the outcome of these patients.

Patients and methods/Materials and methods: Retrospective, 
monocenter study between January 2013 and January 2022 including 
every patients admitted to a 26-bed intensive care unit for myocarditis 
and/or severe pericarditis in the presence of RNApol3.
Results: Twenty-five patients (women 80%, mean age at first episode 
35 ± 11.4 years) were included in the study. Seven (28%) patients died 
after a median follow-up 39 [6–50] months: during a first myocarditis 
episode (n = 2), a relapse (n = 4) or from other cause (n = 1). The mean 
number of episodes per patients was 1.6 ± 0.9 and 40% patients had 
at least one relapse. Every patient was admitted at least once in criti-
cal care for a median duration of 9 [5–14] days. The lowest left ventri-
cle ejection fraction value was 5 [5–10] % and the highest troponin 
value 82 [19–370] fold over ULN. Pericardial effusion was reported 
in 94% cases, requiring drainage in 40% cases. Inflammatory param-
eters were mildly elevated: C-reactive protein 7 [5–14] mg/L, procalci-
tonin 0.1 [0.06–0.4] ng/mL and fibrinogen 3 [2.4–3.4] g/L. Conduction 
and rhythm disorders were infrequent: 3 and 7% respectively. In-ICU 
organ-failure treatment frequencies were: dobutamine 83%, VA-ECMO 
77%, vasopressors 70%, mechanical ventilation 67% and renal replace-
ment therapy 30%. Two patients received cardiac transplantation 
because of unrecovering cardiac failure while all survivors could be 
weaned from ECMO and recovered normal cardiac function at distant 
follow-up. The etiology of myocarditis were: influenza 52%, COVID-19 
44%, unknown viral infection 12% and other virus 4%. Four patients 
had a myocarditis episode on the occasion of both influenzae virus 
infection and COVID-19. RNApol3 were confirmed on distant follow-up 
in every patient (n = 17) after a mean duration of 8 [2.5–16.5] months. 
Two patients only had systemic sclerosis classification score ≥ 9 with-
out visceral involvement.
Conclusion: RNApol3-associated fulminant myocarditis is a new 
severe entity. Our study shows that both influenza and COVID-19 are 
responsible for myocarditis in these patients. A significant number of 
patients have been diagnosed on the occasion of COVID-19 pandemic. 
The pathophysiology of this disease needs further investigation.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Myocardial biopsy is strongly recommended in patients 
with unexplained acute heart failure, especially in case of cardiogenic 
shock, despite a very low level of evidence. The safety, the diagnos-
tic yield and the therapeutical consequences of myocardial biopsy 
in patients requiring extracorporeal life support (ECLS) is poorly 
investigated.
Patients and methods/Materials and methods: Retrospective, 
monocenter study between January 2002 and January 2018 including 
every patients admitted to a 26-bed intensive care unit undergoing a 
myocardial biopsy (surgical or endomyocardial) for unexplained acute 
heart failure while being under ECLS. All patients had a myocardial 
biopsy altogether with a comprehensive noninvasive diagnosis work-
up. The primary endpoint was the rate of therapeutical modifications 
as a direct consequence of myocardial biopsy results.
Results: Forty-seven patients (women 53%, mean age at admission 
39 ± 11  years) were included in the study. Forty-two (89%) received 
veno-arterial extracorporeal membrane oxygenation (VA-ECMO), 
requiring centralization in 26 (62%) and 15 (32%) were given ventri-
cle assist device. Twenty-six (55%) patients died in hospital, 16 (34%) 
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could be weaned from ECLS and 7 (15%) required cardiac transplan-
tation. According the Bonaca myocarditis classification, 75% had defi-
nite and 25% probable myocarditis. Biopsy was endomyocardial in 17 
(36%) patients and surgical in other cases. Organ failure treatments on 
biopsy-day were: ECLS 100%, inotropes/vasopressors 96%, mechani-
cal ventilation 75% and renal replacement therapy 30%. Endomyocar-
dial and surgical biopsy was followed by tamponade in 29% and 10% 
cases respectively. One patient undergoing endomyocardial biopsy 
died as a direct consequence of the procedure. The biopsy-based and 
the noninvasive heart failure mechanism diagnosis work-up resulted 
in the following diagnosis respectively: myocarditis 51 and 13%; none 
45 and 57% and alternated diagnosis 4 and 30%. The biopsy-based 
and the noninvasive etiology diagnosis work-up led to a diagnosis in 
25 and 47% cases respectively. The biopsy-based and the noninvasive 
diagnosis work-up results in a therapeutical modification in 13 and 
19% patients respectively (Fig. 1). Among the 6 patients whose biopsy 
led to a treatment change, 2 survived to hospital discharge, including 
one whose etiological diagnosis was also given by the noninvasive 
work-up.
Conclusion: Myocardial biopsy in patients with acute heart failure of 
unknown etiology requiring ECLS has low diagnostic yield and thera-
peutical consequences and is associated with significant adverse 
events. The benefit/risk ratio of this procedure should be carefully 
weighted in these patients.
Compliance with ethics regulations: Yes in clinical research.

Figure 1. Diagnosis and therapeutic consequences according biopsy-
based or noninvasive diagnosis work-up
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Rationale: Ischemic heart disease is the leading cause of cardiac arrest 
(CA) and stent thrombosis (ST) is ten times more frequent when acute 
coronary syndrome is initially associated with CA. Data are missing 
about impact and risk factors of this complication.
Patients and Methods/Materials and Methods: We conducted a 
monocenter and retrospective study from January 2010 to September 
2019 including all patients hospitalized after a CA who were treated 
by stent andhad a second coronary angiography in the 3 follow-
ing months. Demographics and characteristics of patient care were 

compared according to ST. Long-term follow-up was provided using 
the French National Healthcare Insurance database.
Results: 22 patients met the inclusion criteria during the study period. 
The incidence of ST was 50%. Stent length was associated with ST 
occurrence (26.8  mm vs 17.0  mm, p = 0.023), whereas there was no 
significant difference on age, gender, coronary lesion features, type 
of stent or drugs used. Long-term follow-up of 7 patients, including 6 
cases of ST, revealed no major adverse cardiac event.
Conclusion: Stent thrombosis is a frequent complication after CA and 
appears to be associated to stent’s length. Larger prospective studies, 
are needed to define the prognosis and risk factors of ST.
Compliance with ethics regulations: Yes in clinical research.

Kaplan–Meier plot of probability of MACE occurrence according to the 
presence of ST
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Rationale: Background: To assess in comatose patients after cardiac 
arrest (CA) if amplitudes of two somatosensory evoked potentials 
(SSEP) responses, namely N20-baseline (N20-b) and N20-P25, are pre-
dictive of neurological outcome.
Patients and methods/Materials and Methods: Methods: Monocen-
terand prospective study in a tertiary cardiac center between Novem-
ber 2019 and July 2021. All patients comatose at 72  h after CA with 
at least one SSEP recorded were included. The N20-b and N20-P25 
amplitudes were automatically measured in microvolts (µV), along 
with other recommended prognostic markers (status myoclonus, 
neuron-specific enolase levels at 2 and 3  days, and EEG pattern). 
We assessed the predictive value of SSEP for neurologic outcome 
using the best Cerebral Performance Categories (CPC 1 or 2 as good 
outcome) at 3  months (main endpoint) and 6  months (secondary 
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endpoint). Specificity and sensitivity of different thresholds of SSEP 
amplitudes, alone or in combination with other prognostic markers, 
were calculated.
Results: Results: Among 82 patients, a poor outcome (CPC 3-5) was 
observed in 78% of patients at 3  months. The median time to SSEP 
recording was 3(2–4) days after CA, with a pattern “bilaterally absent” 
in 19 patients, “unilaterally present” in 4, and “bilaterally present” in 
59 patients. The median N20-b amplitudes were different between 
patients with poor and good outcomes, i.e., 0.93 [0–2.05]  µV vs 1.56 
[1.24–2.75] µV respectively (p < 0.0001), as the median N20-P25 ampli-
tudes (0.57 [0–1.43] µV in poor outcome vs 2.64 [1.39–3.80] µV in good 
outcome patients p < 0.0001). A N20-b > 2 µV predicted good outcome 
with a specificity of 73% and a moderate sensitivity of 39%, although a 
N20-P25 > 3.2 µV was 93% specific and only 30% sensitive. A low volt-
age N20-b < 0.88 µV and N20-P25 < 1 µV predicted poor outcome with 
a high specificity (specificity of 94% and 93% respectively) and a mod-
erate sensitivity (sensitivity of 50% and 66% respectively). Association 
of “bilaterally absent or low voltage SSEP” patterns increased the sensi-
tivity significantly as compared to “bilaterally absent” SSEP alone (58 vs 
30%, p = 0.002) for prediction of poor outcome.
Conclusion: Conclusion: In comatose patient after CA, both N20-b 
and N20-P25 amplitudes could predict both good and poor outcomes 
with high specificity but low sensitivity. Our results suggest that SSEP 
amplitudes are inversely related to the severity of neurological injury, 
although this indicator should be combined with other indicators in a 
multimodal approach for prognostication.
Reference 1: Nolan JP, Sandroni C, Böttiger BW, Cariou A, Cronberg T, 
Friberg H, et al. European Resuscitation Council and European Society 
of Intensive Care Medicine guidelines 2021: post-resuscitation care. 
Intensive Care Med 2021;47:369–421.
Reference 2: Scarpino M, Lolli F, Lanzo G, Carrai R, Spalletti M, Valzania 
F, et al. SSEP amplitude accurately predicts both good and poor neu-
rological outcome early after cardiac arrest; a post-hoc analysis of the 
ProNeCA multicentre study. Resuscitation 2021;163:162
Compliance with ethics regulations: Yes in clinical research.

In a normal SSEP (panel 1), the channels show the cortical responses N20 
and P25, the spinal component (N13) and the peripheral component (N9). 
In the panel 2, N20 and P25 were presented but amplitudes were reduced. 
In the panel 3, N20 and P25 were absent
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Rationale: Head-up position was shown to mitigate cerebral altera-
tions and improve cerebral perfusion pressure during conventional 
cardiopulmonary resuscitation. Since extracorporeal cardiopulmonary 
resuscitation (E-CPR) is more and more used for the management of 
refractory cardiac arrest, we aimed at determining whether head-up 
position could also modify cerebral hemodynamics during E-CPR. 
Accordingly, we compared this hemodynamics in swine submitted to 
E-CPR in flat position as compared to head position (head-up position 
at 30 °C). Hypothesis: Our goal was to determine whether a standard-
ized head-up could improve intracranial pressure (ICP) and cerebral 
autoregulation during E-CPR in a swine model of cardiac arrest.
Patients and methods/Materials and methods: Pigs were anesthe-
tized and instrumented for the continuous evaluation of carotid blood 
flow, intracranial pressure (ICP), cerebral perfusion pressure, pressure 
reactivity index (PRx) and systemic hemodynamics. They were submit-
ted to 15 min of untreated ventricular fibrillation followed by 30 min 
of E-CPR. Defibrillations were then delivered until resumption of spon-
taneous circulation (ROSC). Extracorporeal circulation was initially set 
to an average flow of 40  ml/kg/min. Epinephrine was delivered to 
achieve a mean arterial pressure ≥ 65 mmHg. An automated head-up 
position device (over two minutes, 30°) was used in head-up group. 
Animals were followed during 120-min after ROSC.
Results: Six animals were included in both groups. Cerebral hemody-
namic parameters are illustrated in Figure. During E-CPR and ROSC, ICP 
decreased in head-up vs flat position and cerebral perfusion pressure 
tended to be improved at the end of the follow-up (NS). Cerebral oxy-
gen saturation, carotid blood flow and PRx, which is the correlation 
coefficient between arterial blood pressure and ICP, were not different 
among groups.
Conclusion: During E-CPR, head-up is associated with lower ICP with 
a trend toward higher cerebral perfusion pressure. This study supports 
the need for further investigations to confirm that the early decrease 
in ICP could be associated with an improvement in neurological out-
come after E-CPR.
Compliance with ethics regulations: Yes in animal testing.

Cerebral hemodynamic parameters after cardiac arrest
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Rationale: Targeted temperature management (TTM) is currently the 
only treatment with demonstrated efficacy in attenuating the harmful 
effects on the brain of ischemia-reperfusion injury after cardiac arrest. 
However, whether TTM is beneficial in the subset of patients with in-
hospital cardiac arrest remains unclear. Is hypothermia at 33 °C associ-
ated with better neurological outcomes after in-hospital cardiac arrest 
in a non-shockable rhythm, compared to targeted normothermia at 
37 °C?
Patients and methods/Materials and methods: We performed a 
post hoc analysis of data from the published Targeted Temperature 
Management for Cardiac Arrest with Nonshockable Rhythm (HYPE-
RION) randomized controlled trial in 584 patients. We included the 159 
patients with in-hospital cardiac arrest; 73 were randomized to 33 °C 
and 86 to 37 °C. The primary outcome was survival with a good neuro-
logical outcome (Cerebral Performance Category [CPC] score 1 or 2) at 
day 90. Mixed multivariable adjusted logistic regression analysis was 
performed to determine whether survival with CPC 1 or 2 on day 90 
was associated with type of temperature management after adjust-
ment on baseline characteristics not balanced by randomization.
Results: Compared to targeted normothermia for 48  h, hypother-
mia at 33  °C for 24  h was associated with a higher percentage of 
patients who were alive with good neurological outcomes at day 90 
(16.4% vs. 5.8%; P = 0.03). Day-90 mortality was not significantly dif-
ferent between the two groups (68.5% vs. 76.7%; P = 0.24). By mixed 

multivariable analysis adjusted on the CAHP score and circulatory 
shock, hypothermia was significantly associated with good day-90 
neurological outcomes (2.40 [1.17;13.03]; P = 0.03).
Conclusion: Hypothermia at 33 °C was associated with better day-90 
neurological outcomes after in-hospital cardiac arrest in a non-shock-
able rhythm, compared to targeted normothermia. However, our lim-
ited sample size resulted in wide confidence intervals. Further studies 
of patients after cardiac arrest from any cause, including in-hospital 
cardiac arrest, are needed.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Selected patients with a refractory cardiac arrest could 
benefit from veno-arterial extracorporeal membrane oxygenation (VA-
ECMO) as rescue with good prognosis. Circulatory flow recovery with 
ECMO is associated with vasoplegia and vasopressor need. The aim 
of the present work is to assess the interest of Methylene Blue perfu-
sion in a pig model of ischemic refractory cardiac arrest implanted by 
VA-ECMO.
Patients and methods/Materials and methods: Ischemic refrac-
tory cardiac arrest was performed in 20 pigs. After a low flow period 
of 30 min, VA-ECMO was initiated and pigs were randomly assigned to 
standard care group (norepinephrine + crystalloids) or methylene blue 
group (IV methylene blue + standard care). Macrocirculatory and met-
abolic parameters were assessed by lactate clearance. Microcirculatory 
parameters were assessed by sublingual microcirculation with Side-
stream Dark Field (SDF). Pulmonary oedema was evaluated by meas-
uring lung wet/dry weight ratio. Severity of ischemic digestive lesions 
were assessed by Chiu/Park scale.
Results: 18 pigs were included in statistical analyses. There was no 
significant difference between the groups with regard to lactate clear-
ance levels (29.16 [12.5–39.32], 46.10 [22.61–64.54] % for control and 
methylene blue group). There was no significant difference between 
the groups regarding sublingual capillary microvascular parameters 
assessed by SDF. Total crystalloid load was significantly reduced with 
Methylene Blue infusion (5000 [6000–8000] mL vs. 17000 [10000–
19000] mL p = 0.007, Methylene Blue versus control group). Methylene 
blue infusion significantly reduced catecholamine requirements (0.31 
[0.14–0.44] μg.kg1.min−1 vs. 2.32 [1.17–5.55] μg.kg1.min−1, methylene 
blue versus control group p = 0.004). The was not difference in Chiu/
Park scale and Lung wet/dry weight ratio between groups.
Discussion: The main result of this study is that in an experimental 
pig model of refractory cardiac arrest resuscitated with veno-arterial 
ECMO, the use of methylene blue infusion was not associated with a 
faster lactate clearance. Importantly, the adjunction of methylene blue 
was associated with sharp reduction of crystalloid fluid load and cat-
echolamine perfusion. There were also some limitations: no return of 
spontaneous circulation was achieved for any animal of the experi-
ment. The study time over a 6-h period represents a major limitation as 
it could be mis-scaled to assess benefits and drawbacks of catechola-
mine or fluid restriction.
Conclusion: Methylene blue infusion was efficient for catecholamine 
and fluid restriction respectively but failed to improve lactate clear-
ance in a pig model of post resuscitation syndrome after refractory 
cardiac arrest treated with VA-ECMO.
Compliance with ethics regulations: Yes in animal testing.
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Lactate clairance, Volume and cathecolamine dose between groups
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Rationale: Right ventricular (RV) failure is a common complication 
during acute respiratory distress syndrome (ARDS). Veno-venous 
ECMO (VV-ECMO) is considered in refractory ARDS and might be 
responsible for RV function changes. Our objective was to describe RV 
function before and after VV-ECMO course in refractory ARDS COVID-
19 patients.
Patients and methods/Materials and methods: This retrospective 
observational single-center study was performed between April 2020 
and April 2021. Patients included were refractory ARDS secondary 
to SARS-CoV-2 infection and required VV-ECMO according to EOLIA 
criteria. Patients underwent serial echocardiographic examinations 
(Philips, CX-50) before and after VV-ECMO implantation.
Results: 15 patients were included. Median age was 54 years (46–62), 
9/15 (60%) were male. Before ECMO cannulation, median  PaO2/FiO2 
was 60 (56–72) mmHg, delay between ventilation and cannulation 
was 6 (4–11) days. SAPS-II at cannulation was 46 (30–55). Inhaled nitric 
oxide and norepinephrine were used in 8/15 patients (53.3%) before 
ECMO. Fractional area change of RV (FAC-RV) was greater after ECMO 
implantation, (36 [20–44] % before ECMO, 42 [35–45] % at day 1 and 
42 [40–46] % at day 3, p = 0.008). Estimated systolic pulmonary pres-
sure (sPAP) decreased over time (47 [40–55] mmHg before, 40 [36.3–
40.1] mmHg at day 1 and 37 [34–45] mmHg at day 3, p = 0.048).  PCO2 
was higher before ECMO implantation (56 [49–63] mmHg versus 44 
[39–47] mmHg at day 1 and 41 [39–44] mmHg at day 3, p = 0.001). 
FAC-RV/sPAP increased after ECMO cannulation (0.68 [0.31–0.97] 
before vs. 1 [0.74–1.2] at day 1 and 1.1 [0.96–1.3] at day 3, p = 0.027). 
Tricuspid valve systolic velocity (S’ wave) and TAPSE were similar before 
and after ECMO implantation (S’wave, 17 [13–20] vs. 15 [12–20] cm/sec 
at day 1 and 14 [11–26] cm/sec at day 3, p = 0.28; TAPSE, 21 [19–27] 
mm before ECMO, 21 [17–26.5] mm at day 1 and 23 [19–25] mm at day 
3, p = 0.44). Arterial blood lactate level decreased after cannulation (2 
[1.6–2] mmol/L before vs. 1.7 [1.5–2.3] mmol/L at day 1 and 1.6 [1.6 
1–1.7] mmol/L at day 3, p = 0.006). Also, inotropic score tended to be 
lower (40.7 [24.5–75.8] before ECMO vs. 4.9 [0–20.8] at day 1 and 0 at 
day 3, p = 0.05). Median time of VV-ECMO course was 20 (15–41) days 
and 7/15 (46.6%) were alive at ICU discharge.
Conclusion: Based on this small-sample study in refractory ARDS, VV-
ECMO could be responsible for RV systolic function improvements 
while decreasing sPAP, and could provide hemodynamic stability 
through right ventricular-pulmonary artery coupling.
Compliance with ethics regulations: Yes in clinical research.

Right ventricular metrics and hemodynamic changes before and after VV-
ECMO implantation
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Rationale: Hemodynamic instability is common in post resuscitation 
syndrome and could worsen survival and neurological outcomes. The 
myocardial and vascular dysfunction may be exacerbated by veno-
arterial extracorporeal membrane oxygenation (VA-ECMO) implanted 
as a rescue therapy for refractory cardiac arrest. Standard care of 
haemodynamic management after VA-ECMO initiation are based on 
norepinephrine and crystalloids. The aim of the present work is to 
assess the interest on haemodynamics of albumin perfusion in a swine 
model of ischemic refractory cardiac arrest implanted by VA-ECMO.
Patients and methods/Materials and methods: Ischemic refrac-
tory cardiac arrest was performed in 20 pigs. After a low flow period 
of 30 min, VA-ECMO was initiated and pigs were randomly assigned to 
standard care group (norepinephrine + crystalloids) or albumin group 
(10  ml/kg of 20% albumin + standard care). Hemodynamical assess-
ment was performed over the 6 h of the experiment
Results: 18 pigs were included in statistical analyses. There was no 
significant difference between groups with regard to lactate clearance 
(29.16% [12.5–39.32] and 10.09% [6.78–29.36] for control and albumin 
group respectively). Blood albumin concentration rapidly decreased 
after ECMO priming in the sham group while it remained stable in the 
albumin group. Total crystalloid load was significantly reduced with 
albumin infusion (1000 [1000–2278] mL vs. 17000 [10000–19000] mL, 
albumin versus control group respectively, p < 0.001).
Conclusion: This is the first study assessing albumin for fluid resusci-
tation in post resuscitation syndrome rescued by VA-ECMO. Albumin 
infusion did not improve lactate clearance but was highly efficient 
to reduce fluid loading in a porcine model of post resuscitation syn-
drome after refractory cardiac arrest treated with VA-ECMO.
Compliance with ethics regulations: Yes in animal testing.
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Panel A: experimental protocol. Panel B: albumin concentration over time 
(in hours). Panel C: Lactate clearance 6 h after initial resuscitation. Panel 
D: fluid loading over a 6 h resuscitation. ALB: albumin group. CTL: control 
group.
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Rationale: Caring for pediatric trauma patient requires an under-
standing of the distinct anatomy and pathophysiology of the pediatric 
population compared with adult. As a result, the degree of awarn-
ing towards polytraumatized children must be higher. The aim of our 
study is to identify clinical and therapeutic aspects of pediatric pol-
ytraumatized patients.
Patients and methods/Materials and methods: A 5-month pro-
spective study including polytraumatized children admitted to ICU 
of Emergency Department. Demographic clinical and radiological 
data are described. Management and outcomes of patients are also 
reported.
Results: We enrolled 20 pediatric polytraumatized patients. Fifty per-
cent of them were boys. Road traffic was the main cause of pediatric 
trauma in 75% of cases. Half of the polytraumatized patients were con-
scious and 20% of children had a severe traumatic brain injury with a 
Glasgow coma scale under 8. In the majority of cases, pupils were nor-
modilated. Convulsion and agitation were reported in 15% of patients. 
The most frequent brain injury was brain contusion in 55% of cases. 
Extradural, subdural hematoma and subarachnoid hemorrhage were 
present in 25% of cases. Chest trauma was present in 40% of cases and 
the main chest injury was thoracic contusion in 35% of cases. One in 
four children had an abdominal trauma with abdominal hemorrhage 
in 15% of cases, hepatic contusion in 10% and splenic contusion in 5% 
of cases. Pelvic fracture was present in 15% of cases. Airway manage-
ment was performed in 35% of cases for neurological distress. Fluid 
administration was performed only in 15% of cases and transfusion 
in 30% of cases. A brain surgery was necessary in 20% of patients. No 
children died and only 10% referred to home after a stay in the emer-
gency department. Overall, 85% of patients were transferred: 30% to 
the intensive care unit, 40% to neurosurgery service and 10% to a sur-
gical pediatric unit.
Conclusion: Trauma is the cause of more than 45% of deaths in chil-
dren aged 1 to 14  years. Since multiple injuries are common in chil-
dren, the emergency physician must assess all organs of a child with 
high-energy injuries, regardless of the mechanism of the trauma.

Compliance with ethics regulations: Yes in clinical research.
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Rationale: Polytrauma is a leading cause of mortality and disability 
all over the world. Respiratory, hemodynamic and neurological dis-
tress are very frequent and correlated with high mortality. Therefore, 
an early energetic therapy controlling these distresses, by pharmaco-
logical methods and airway management can improve the outcome 
of polytraumatized patients. The aim of our study is to evaluate the 
impact of an early airway management on patient prognosis of 
patient in terms of length of stay in emergency department, mortality 
and neurological outcomes.
Patients and methods/Materials and methods: In this prospective 
study, only intubated patients were enrolled. The enrolled patients 
were randomly assigned into two groups: group A: intubated in pre-
hospital phase and group B: intubated in hospital phase. Basic charac-
teristics of injury, length of stay in emergency department, mortality 
and neurological outcomes according to the GOS score at one month 
(GOS1: death, GOS2: vegetative state, GOS3: severe state, GOS4: mod-
erate state, GOS5: good recovery) lwere compared.
Results: During the study period, we enrolled 116 polytraumatized 
patients and 54 patients were intubated. The main indication of airway 
management was coma with a Glasgow coma scale < 8 in almost half 
of the population and cardiac arrest in 12% of cases. Seven percent 
and 3% of patients were intubated for hemodynamic and respiratory 
distress respectively. The two groups did not differ regarding to injury 
severity assessed by the ‘Injury severity score’ (p < 0.001). The mean 
length of stay in the emergency department was 23 ± 2 h in group B 
vs 20 ± 2 h in group A. There was no difference iin terms of transfer to 
an intensive care between the two groups (94% in each group). Two 
patients (10%) in group A and six patients (17%) in group B died. There 
was no difference in terms of neurological outcome: in Group A, 55% 
of patients had a GOS 5, 20% a GOS 3 and10% a GOS 2. In Group B, 
40% of patients had a GOS 5,18% a GOS 3 and 12% a GOS 2 (p > 0.05 
for each one).
Conclusion: Prehospital intubation reduces the length of stay in emer-
gency department and mortality but has no influence on the orienta-
tion of patient or on their neurological evolution. However, ambulance 
practitioner should be familiar with airway management and should 
be trained in such a challenging treatment that could worsen the 
prognosis of polytraumatized patients if not performed correctly.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Children are vulnerable to injuries most often occurring 
following a road accident. As part of polytrauma, pediatric thoracic 
trauma often requires special care.
Patients and methods/Materials and methods: This is a retrospec-
tive and analytical study including all children aged under 17 years of 
age, victims of thoracic trauma (whether open or closed), and hospital-
ized in our department (after or without admission in intensive care 
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or pediatric resuscitation unit) between January 2015 and December 
2021.
Results: During the study period, 25 children were admitted to our 
department following severe chest trauma with an average age of 
9.7 ± 5.3  years (2–16  years) and a male predominance (88%). Road 
accidents (48%), domestic accidents (28%), and assaults (16%) were 
the most frequently reported circumstances. Seven children (28%) 
presented a penetrating thoracic trauma including 2 (28%) of ballis-
tic origin. The most common lesions were pneumothorax (44%), cer-
ebral contusions (43%), pulmonary contusions (40%), intra-abdominal 
lesions (36%), rib fractures (32%), pneumothorax (20%) and pneu-
momediastinum (12%). Cranial, peripheral, or pelvic fractures were 
associated in 28%, 16%, and 4% of patients respectively. The median 
length of stay in our service was 2 days (1-38 days). Urgent surgery was 
necessary for 6 children (24%) divided into 2 abdominal, 2 pulmonary, 
one pleural, and one cardiac surgery. The follow-up was favorable for 
the majority of patients (60%). Complications were mainly observed 
in patients who underwent surgery or were intubated for more than 
4 days. No deaths were noted in our series.
Conclusion: The management of thoracic trauma in children must be 
multidisciplinary involving clinicians, emergency physicians, inten-
sivists, as well as surgeons. Associated peripheral and cranial lesions 
influence the prognosis.
Compliance with ethics regulations: N/A.
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Rationale: Blunt chest trauma is common. Severe chest trauma can be 
life-threatening immediately or secondarily after a period of apparent 
calm. The objective of this study is to determine the contribution of 
early injury assessment to the morbidity and mortality of patients with 
severe blunt chest trauma.
Patients and methods/Materials and methods: prospective, obser-
vational study including 90 patients with severe blunt chest trauma, 
hospitalized in the ICU during the period March 2015–March 2017. 
We studied the lesion mechanism, the severity scores, we collected 
the pleuro-pulmonary lesions, their treatment and the future of the 
patients. We noted the hourly delays between the accident and the 
realization of the thoracic computed tomography (CT), as well as the 
delay between the admission to the hospital and the realization of the 
thoracic CT. We investigated the impact of thoracic CT on morbidity 
and mortality. The data were entered with the EPIINFO 7 software and 
analyzed using the SPSS statistics 23 software. The statistical tests are 
significant from p ≤ 0.05
Results: The mean age of the patients was 33.6 ± 17.9  years with a 
male predominance (sex-ratio = 4M/1F). 98.8% were polytraumatized. 
The mean ISS score was 34.5 ± 8.9; 68% of patients arrived with at least 
one vital distress. The delay between the thoracic radiological assess-
ment and the time of the accident was less than 6  h in 73% of the 
patients. Furthermore, early assessment of injuries improved mortality 
(p = 0.02).
Conclusion: Early thoracic CT in severe blunt chest trauma allows an 
exhaustive diagnosis of thoracic lesions and improves mortality.
Keywords: Severe blunt chest trauma, Early chest CT.
Compliance with ethics regulations: N/A.

FC‑042 
Flail chest: what are the associated morbidity and mortality risk 
factors?
CHAARI  Zied1, BEN AYED  Aymen1, KAMMOUN  Jaweher1, BEN AYED 
 Ahmed1, ABID  Walid1, HENTATI  Abdessalem1, FRIKHA  Imed1

1Université de Sfax - CHU Habib Bourguiba, Sfax, Tunisie 
Correspondence: Zied CHAARI (chaari.zied1@gmail.com)
Annals of Intensive Care 2022, 12(1):FC-042

Rationale: Rib fractures are frequently observed in patients with chest 
or multiple trauma. Flail chest represents a particular entity in terms of 
prognosis and management. Rare are the studies that have focused on 
the search for morbidity and mortality associated factors for patients 
with traumatic flail chest.
Patients and methods/Materials and methods: This was a retro-
spective and analytical study including all patients hospitalized in our 
department for a flail chest (with or without going through an inten-
sive care or resuscitation unit) between January 1987 and December 
2021.
Results: During the study period, 2342 patients were admitted to our 
department for chest trauma including 159 patients with confirmed 
flail chest (7%). The mean age was 53 ± 16 years (11–90 years) and a 
male predominance was noted (sex ratio = 6.22). The mean number 
of rib fractures was 12.9 ± 4.9 fractures (6–22 fractures). An intensive 
care unit hospitalization was necessary for 66% of patients. Conserva-
tive treatment (thoracic drainage, analgesia, nebulization and respira-
tory physiotherapy) was performed in the majority of cases (95%), and 
surgical treatment was necessary for only 8 patients (5%). During hos-
pital stay we have reported complications for 56 patients (35%) and 7 
patients died (hospital mortality of 4%). The mean injury severity score 
(ISS) was 20 (13–50). The factors associated with high morbidity rates 
were: ISS score > 25, hospitalization in intensive care unit, the need 
for intubation, and length of hospitalization > 7  days. For all possible 
mortality-studied factors, only an ISS score > 25 was associated with an 
increase in mortality rates.
Conclusion: Flail chest are associated with several factors influencing 
vital prognosis, as well as post-traumatic consequences during hos-
pital or intensive care unit stays. A good knowledge of these factors 
would make it possible to better manage patients and improve subse-
quent follow-up.
Compliance with ethics regulations: N/A.
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Rationale: In the French Territories in the Americas, Bothrops snake-
bite envenoming represent a public health issue. In Martinique, Both-
rops lanceolatus is the only snake responsible for envenoming with 
thrombotic complications. In French Guiana, Bothrops atrox is respon-
sible for most envenomings. The first antivenom specific to Bothrops 
lanceolatus,  Bothrofav®1, produced in 1991, reduced complications. 
However, in 2004, an upsurge in cases of ischemic stroke despite early 
antivenom infusion, suggested a decline in its effectiveness. A new 
antivenom,  Bothrofav®2 was produced in 2011 and manufactured in 
France. However, its marketing should be stopped in 2022. Polival-
ICP® (manufactured in Costa Rica) and Antivipmyn  Tri® (manufactured 
in Mexico) are successfully used to treat Bothrops atrox envenoming in 
French Guiana. We compared the effectiveness of all three antivenoms 
on Bothrops lanceolatus and B. atrox venoms using an experimental 
bench protocol.
Patients and methods/Materials and methods: We conducted third-
generation antivenomics quantitative analyses, in  vivo mouse and 
in  vitro assays comparing  Bothrofav®2, Polival-ICP® and Antivipmyn 
 Tri® on Bothrops lanceolatus and B. atrox venoms.
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Results:  Bothrofav®2 immunocaptured all major Bothrops lanceola-
tus venom protein components, underscoring its high neutralizing 
efficacy (Table  1). Our in  vivo and in  vitro assays demonstrated its 
effectiveness in the neutralization of lethal, local and systemic haem-
orrhagic, oedema forming, myotoxic, thrombocytopenic, proteinase 
and phospholipase A2 activities, showing a higher preclinical effi-
cacy as compared to previous batch used in the past. Regarding the 
neutralization of B. atrox venom, Polival-ICP® has higher neutralizing 
activity than Antivipmyn Tri® against lethal, haemorrhagic and in vitro 
coagulant activities. Antivipmyn  Tri® and Polival-ICP® antivenoms 
similarly neutralized the venom-induced myotoxic effects of B. atrox 
venom, while Antivipmyn  Tri® did not neutralize the lethal activity at 
the highest antivenom level tested.
Conclusion: Based on preclinical investigations,  Bothrofav2® was 
highly effective in the neutralization of the venom of B. lanceolatus, 
whereas Polival-ICP® and Antivipmyn  Tri® neutralized the venom of B. 
atrox, albeit with different efficacies.
Compliance with ethics regulations: Yes in animal testing.
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Rationale: Intensive care unit (ICU) hospitalizations of elderly patients 
with acute respiratory infection (ARI) have increased; however, we 
observed an important mortality during the ICU stay and in the first 
year of hospital discharge. Yet many physicians have doubts as to 
whether elderly patients benefit from ICU admission. Our hypothesis 
is that healthcare trajectories before critical illness might be used as 
surrogate of frailty that can be useful for the decision-making. The aim 
of this study was to assess whether the healthcare trajectories in the 
3  months preceding ICU admission were associated with 1-year sur-
vival in elderly patients with ARI.
Patients and methods/Materials and methods: A national popula-
tion-based cohort study was performed from hospital discharge data-
bases (2013–2017) and included ICU patients ≥ 80  years old with an 
ARI. Patient characteristics were collected as well as ICU procedures 
and their healthcare trajectories before and after discharge from ICU. 
Healthcare trajectories before critical illness were evaluated by the 
number of emergency room visits and the number of cumulative days 
of hospitalization 3  months before admission in ICU. Mortality refers 
to mortality at hospital or 1 year after discharge, during the follow-up 
period. The vital status of patients was assessed during at least 3-year 
follow-up. Logistic regression was used to find prehospital factors 
associated with mortality. Odd ratios (OR) and 95% confidence inter-
vals (95% CI) were calculated. Results are in median (IQR).
Results: 40 327 patients aged 80  years or older were hospitalized in 
ICU for ARI during the studied period. Among them, 35 666 (88%) had 
a known vital status at 1 year of which 19 379 (54%) died during ICU 
stay or the first year of discharge. Patient characteristics were: age 84 
[82–87] years old, male 19 708 (55.2%), SAPS II 30 [20; 44], invasive 
mechanical ventilation 9241 (26%). During the 3-month period pre-
ceding the ICU-admission, ≥ 1  day of hospitalization or ≥ 1 visit to 
the emergency room were independently associated with increased 
1-year mortality: OR 1.27 [1.19–1.35] and 1.13 [1.06–1.20], respectively. 

Other independent factors associated with a worse outcome were: 
age (OR 1.05 [1.04–1.06]), male sex (OR 1.40 [1.34–1.46]), ≥ 3 comor-
bidities (OR 1.10 [1.03–1.18]) and frailty score ≥ 5 (OR 1.17 [1.11–1.25]).
Conclusion: Healthcare consumption 3 months prior to ICU was asso-
ciated with 1-year mortality among elderly patients hospitalized for 
ARI. Healthcare consumption is an objective and easy-to-obtain infor-
mation that may be used to implement a clinical score designed to 
help the decision-making for ICU admission of elderly with ARI.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Frailty is a state of increased vulnerability to a stressor 
event, resulting in a poor resolution of homeostasis which increases 
the risk of adverse outcome. Recent studies have shown association 
between pre-operative frailty in older patients and mortality after 
cardiac surgery. The Edmonton Frail Scale (EFS) is a valid, quick to use 
tool which allows bedside assessment of preoperative frailty without 
the need of any special training. Frailty is usually assessed for patients 
aged 65 years and older, but prevalence in younger patients admitted 
to hospital is significant and is associated with adverse outcome. The 
primary objective of this study is to assess the association between 
frailty and intensive care unit (ICU) length-of-stay, hospital discharge 
after 30  days and one-year mortality in patients undergoing cardiac 
surgery, independently of age.
Patients and methods/Materials and methods: This is a prospective, 
monocenter and observational study in a tertiary care academic hos-
pital. The study has been approved by the ethics comity of the hospital 
and all patients signed an informed consent. Overall, 233 consecutive 
patients who met the inclusion criteria (18 years old and older under-
going any cardiac surgery under cardiopulmonary bypass) and agreed 
with the study protocol were included between 25th April 2019 and 
24th February 2020 and were evaluated preoperatively by EFS. Exclu-
sion criteria were salvage surgery and patients with cirrhosis CHILD B 
or C.
Results: 191 (82%) patients were not frail, 42 (18%) were vulnerable 
or frail. The mean age of the entire cohort was 66.88 ± 12.01  years 
old. 80 patients were under 65 years old and 10 (12.5%) of them were 
vulnerable or frail. 153 were 65  years old or more and 32 (20.9%) of 
them were vulnerable or frail. Functional independence was the frailty 
domain with the strongest correlation with the overall EFS score. Pre-
albumin was the biological value with the strongest correlation with 
frailty (r = − 0.40, p < 0.05). In the non-frail group, 184 patients (96.3%) 
were discharged at day 30 compared to 34 (80.9%) in the frail group. 
The mean ICU length of stay was 3.38 ± 2.17  days in the non-frail 
group and 8.26 ± 14.95 days in the frail group. One year after surgery, 
4 (2.3%) patients died in the non-frail group and 7 (21.9%) died in the 
frail group (p < 0.05).
Conclusion: Frailty significantly affects patients undergoing cardiac 
surgery, even under the age of 65, and is associated with significantly 
longer ICU length-of-stay, lower discharge at 30 days and higher one-
year mortality.
Compliance with ethics regulations: Yes in clinical research.
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Community peritonitis in the elderly
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BOUHOURI Mohamed  Amine1, HATTABI  Khalid1
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Rationale: Community peritonitis in the elderly is a medical-surgical 
emergency, acquired by the patient in an extra hospital environment. 
The diagnosis is usually late due to the heterogeneity of clinical signs, 
this leads to a delay in management. The objective of our study is to 
evaluate the prognostic factors of an epidemiological, clinical, para-
clinical, etiological, therapeutic and evolutionary order of the commu-
nity peritonitis in the elderly in our context.
Patients and methods/Materials and methods: We conducted 
an analytical descriptive retrospective study of 50 cases of commu-
nity peritonitis hospitalized in the surgical emergency resuscitation 
department over a period from January 2018 to June 2020. All patients 
over 65 years of age who were admitted for community peritonitis and 
who received medical and surgical care were included in this study. 
The parameters studied are demographic data, clinical and paraclinical 
signs, management and patient evolution. The Statistical analysis was 
performed using SPSS software, the evaluation of prognostic factors 
using a univariate and multivariate analysis.
Results: The study showed that the mean age was 70.08 ± 6.07 years, 
with a sex ratio of 2.12. The medical history was dominated by smok-
ing (38%), the extra-abdominal signs (hemodynamic failure (70%), 
renal failure (68%), hematological disorders (48%), respiratory disor-
ders (34%) andneurological disorders (32%)). Therapeutic manage-
ment was based on perioperative resuscitation, treatment of organ 
failure, probabilistic antibiotic therapy and median laparotomy sur-
gery. The main etiologies of community peritonitis were: peptic ulcer 
perforation (44%), intestinal perforation (22%), intestinal necrosis 
(12%), cholecystitis (4%). The bacteriological samples carried out in 
per operative allowed to have the following bacteriological profile: 
predominance of Gram-negative bacteria (61%) dominated by E. coli 
(39%), the average length of hospitalization was 6.32 ± 5.25 days. The 
mortality rate was 68%. The main prognostic factors identified in our 
univariate analysis study were: high blood pressure, organ failure, 
increased gravity scores, site of intervention, duration of intervention, 
use of catecholamines, development of septic shock, as well as dura-
tion of mechanical ventilation and duration of stay in intensive care 
unit. Multivariate analysis showed a statistically significant association 
between high blood pressure and the development of hemodynamic 
failure, creatinine > 13 mg/L, C-reactive protein > 150 mg/L, Occlusion, 

norepinephrine + epinephrine, duration of ventilation > 2.5  days and 
mortality.
Conclusion: Community peritonitis in the elderly is a serious condi-
tion, fraught with high mortality. The improvement of its prognosis is 
based on a screening of risk factors, and an updating of medical—sur-
gical protocols.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: To describe the clinical and prognostic particularities of 
COVID-19 infection in elderly patients hospitalized for a SARSCOV 2 
infection.
Patients and methods/Materials and methods: Descriptive and 
comparative retrospective study conducted from September 2020 to 
September 2021. We included all patients admitted to intensive care 
with a serious SARSCOV2 infection. The infection was confirmed by 
RT-PCR, a rapid test or a typical chest CT scan. Elderly patients were 
defined as whom aged over 65 years old.
Results: We included 217 patients, 93 (42%) of whom were elderly 
subjects. The gender ratio was 1.11. The average IGSII score was 
38 ± 14. For the past history, hypertension (56%) was at the top of the 
list followed by diabetes (43%). Twenty-eight patients were treated at 
home, 9 of whom required oxygen therapy. The first clinical examina-
tion showed anxiety and agitation in 17 (18%) and 18 (19%) patients 
respectively. Mechanical ventilation (MV) was used in 55 patients 
(59%) with prone positioning in 41 of cases (44%). Acute renal failure 
was noted in 46 (51%) patients and six (7%) patients required dialysis. 
Forty-one patients presented septic shock, 10 trophic disorders and 
five resuscitation delirium. The median durations of MV and intensive 
care unit (ICU) stay were respectively 7 [2;14] and 10 [6;16] days. The 
overall mortality was 53%. In the young population, more agitation 
(p = 0.033) and anxiety (p = 0.04) were noted with a longer duration of 
ventilation (11 vs 7 days (p = 0.004)). Elderly subjects were more severe 
on admission [IGSII score 37 vs 29 (p < 0.001)] and they developed 
more acute renal failure (51 vs 28%. (p < 0.001)). There was no signifi-
cant difference between the two groups (old and young subjects) in 
terms of intubation time and mortality.
Conclusion: The elderly population was more severe on admission 
and the ICU stay was complicated by more acute renal failure. There 
was no difference in terms of mortality between young and old 
subjects.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: During the COVID-19 pandemic, automated oxygen titra-
tion has been implemented at the emergency department (ED) to 
maintain the patients within the oxygenation targets and to reduce the 
interventions from healthcare workers. We report here our experience 
to manage patients with suspected or confirmed COVID-19 at the ED.
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Patients and methods/Materials and methods: We retrospectively 
collected data from the automated oxygen titration device  (O2 flow, 
 SpO2,  SpO2 target, respiratory rate and heart rate) in patients managed 
at the ED between April 2021 and February 2022. We analyzed the time 
within the  SpO2 target (set  SpO2 ± 2%), with hypoxemia  (SpO2 < target 
− 5%), with hyperoxemia  (SpO2 > target + 5%). We analyzed the whole 
population and the subgroup of patients with confirmed COVID-19. 
We evaluated the number of patients with oxygen weaning during the 
management. We evaluated separately the impact of the  SpO2 target 
on oxygen flow when the target was modified by the clinicians by 2% 
or more. In this subgroup of patients, we evaluated the mean oxygen 
flowrate 15 min before and after the modification of the  SpO2 target.
Results: We included 98 patients (mean age 72 ± 16 years, 57% were 
men) admitted to the ED with acute respiratory distress and suspected 
(n = 77) or confirmed (n = 21) COVID-19 requiring oxygen therapy. The 
mean duration of utilization of automated oxygen titration device was 
14.3 ± 4.7 h. A  SpO2 signal was present 91.9% of the time. Main  SpO2 
targets set by the clinicians were 90% (43%), 88% (27%), 92% (20%), 
94% (4%). Oxygen weaning was possible in 35/98 patients (36%). For 
the whole population/COVID-19 patients, the time in the  SpO2 target 
was 78/81%, time with hypoxemia was 3/3%, time with hyperoxemia 
was 2/0.6%. In a subgroup of 11 patients, the effect of modifying the 
 SpO2 target was evaluated. The mean initial  SpO2 target was 91.9% 
and the mean final target was 89.5%. The mean initial and final oxygen 
flow were 3.3 ± 0.6 and 1.9 ± 0.6 L/min respectively, P = 0.0076.
Conclusion: In patients with acute respiratory failure, the utilization 
of automated oxygen therapy was feasible to manage patients with 
suspected or confirmed COVID-19 with potential benefits. Similarly to 
other studies with automated oxygen therapy, the time in the oxygen-
ation target was high, and oxygen weaning was potential in 1/3 of the 
patients.  SpO2 target has a significant impact on oxygen flow rates and 
is a useful tool with this new device.
Compliance with ethics regulations: Yes in clinical research.

impact of the SpO2 target on oxygen flowrate in a subgroup of 11 patients 
with modified target. With high SpO2 target (mean 91.9%) reduced to low 
SpO2 target (mean 89.5%), oxygen flow was significantly reduced from 3.3 
to 1.9 L/min.
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Acute heart failure in the emergency department: prognosis 
value of  PaO2/FiO2 ratio
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Annals of Intensive Care 2022, 12(1):FC-049

Rationale: Heart failure is a common presentation in the emergency 
department. Searching for risk factors is a challenging step in the 
emergency physicians. The purpose of our study was to search for 
prognosis values of ratio  PaO2/FiO2 in patients admitted to the emer-
gency department for acute heart failure.

Patients and methods/Materials and methods: Prospective mono-
center observational study, conducted between November 2021 and 
January 2022. We included patients over the age of 18, we established 
diagnosis of heart failure on clinical grounds. We performed blood 
gases at admission. The primary endpoint was in-hospital mortality.
Results: We included 100 patients. Average age: 73 ± 11  years and 
sex ratio M/F = 51/49. The most common comorbidities were hyper-
tension: 81(82%), diabetes 46 (47%), coronary artery disease 47(47%) 
patients; 68% had a left ventricular ejection fraction (LVEF) more than 
40%, with an average pro-BNP of 9,440  pg/mL; 37% of patients had 
permanent atrial fibrillation. 24% returned in < 30 days with an aver-
age of readmissions/year of 1.75(± 0.96). Seventy-two patients (76%) 
required ventilatory support, 5% required the use of invasive mechani-
cal ventilation. The mortality rate was 12%. There was no significant 
difference in terms of comorbidity between the group of deceased 
and surviving patients. However, deceased patients had a higher SOFA 
score (4 vs 2; p = 0.001), a lower LVEF (43% vs 25%; p = 0.18). D-dimers 
and CRP were higher in the deaceased patients, with a median value 
of 3636 vs 1385 µg/L (p = 0.001) and 98 vs 56 mg/L (p = 0.08) respec-
tively. The  PaO2/FiO2 ratio in admission was 195 in the deceased 
patients vs 298 in the surviving patients (p = 0.01). The  PaO2/FiO2 
ratio was as an independent mortality factor (OR = 0.99, CI [0.98; 1.00], 
p = 0.05). Using the ROC curve, the best cut-off for the  PaO2/FiO2 ratio 
was 160. A  PaO2/FiO2 ratio ≤ 160 was predictive of mortality with an 
area under curve of 0.74, a sensitivity of 86% and a specificity of 76%.
Conclusion: A  PaO2/FiO2 ratio ≤ 160 is an independent factor of death 
in patients admitted to the emergency department with acute heart 
failure.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: To describe the medical histories, demographic charac-
teristics and analyze the standardized geriatric assessment in elderly 
patients admitted to emergency department intensive care unit 
(EDUCI). To determine the pathologies found in these patients as well 
as the therapeutic and outcomes.
Patients and methods/Materials and methods: This is a prospec-
tive descriptive study carried out at the EDUCI of the Habib Bourguiba 
University Hospital, during a period of four months. We included all 
people aged 65 and older admitted to our intensive care unit. We 
observed their therapeutic management as well as their demographic 
and evolutionary characteristics. We also calculated the ADL score for 
all patients and followed their evolution at discharge from the emer-
gency room.
Results: Our study involved 262 patients during the enrollment 
period. The average age was 77 ± 8  years with a sex ratio of 1.1. 
From pathological medical history was noted in most patients (82%) 
dominated by hypertension and diabetes mellitus. The majority of 
patients (74%) are polymedicated. The history of hospitalization was 
found in 42% of cases. Data anamnestics have shown the presence of 
cognitive disorders and Alzheimer’s disease in 21% and 7% of cases, 
respectively. The ADL score showed a loss of autonomy for 39% of the 
population. The reasons of hospitalizations were mainly medical and, 
to a lesser extent, traumatic and visceral reasons while the deterio-
ration of the general state was involved in 5% cases. Overall, 11% of 
patients required mechanical ventilation and 9% of patients required a 
blood transfusion. The average length of hospital stay was 3 ± 4 days. 
The evolution was favorable in the majority of cases (75%). Among 



Page 70 of 167Annals of Intensive Care  2022, 12(Suppl 1):54

home leavers (41%), a quarter sustained moderate or severe seque-
lae. These sequelae were essentially neurological deficit, resuscitation 
neuromyopathy and/or pressure sores. The evolution has been fatal 
in 17% of cases, in the EDICU. The main causes of death were cerebral 
suffering (8%), septic shock and hypoxemia.
Conclusion: The admission of geriatric patients to the ICU is increas-
ing. Frailty assessment may play an important role in the clinical evalu-
ation of such individuals for triage, but should not be considered a 
priori as an exclusion criterion for admission. Physicians are aware of 
the difficulties faced with such patients and the need to promote short 
admission pathways.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Patients surviving a stay in an intensive care unit 
(ICU) may experience new or worsening disorders that have been 
labeled as “post-intensive care Syndrome” (PICS). PICS includes 
physical weakness, mental disorders and neurocognitive impair-
ments that can affect the patient’s quality of life. Authors of the 
Healthy Aging Brain Care Monitor have developed a hybrid version 
(HABC-M-HV) suited to the daily needs of their post-ICU follow-up 
clinic. This is a 30-item questionnaire with 4 subscales for cogni-
tive, functional, psychological and quality of life assessment. The 
hybrid version of the HABC-M questionnaire (HABC-M-HV) has not 
yet been validated in its English version. Using rigorous method-
ologies, the objectives of this cross-sectional observational study 
were to translate the HABC-M-HV questionnaire into French (HABC-
M-HV-F, Fig.  1) and to evaluate the main measurement properties 
of this new version.
Patients and methods/Materials and methods: The questionnaire 
was translated following a five-stage validated method for the trans-
lation and cross-cultural adaptation of questionnaires. A conveni-
ence sample of ICU survivors was recruited in our follow-up clinic to 
validate the questionnaire. The HABC-M-HV-F was administered by 
phone. The measurement performances of the questionnaire were 
tested using internal consistency, test–retest reliability, standard 
error of measurement (SEM) and smallest detectable change (SDC) 
calculation, floor and ceiling effect measurement and construct 
validity.
Results: A total of 51 patients with 14/51 (27.5%) women were 
recruited between February and September 2021. Their median 
age was 63 [55–71] years. The internal consistency was very good 
(Cronbach’s alpha coefficient 0.79). The intra- and inter-examinator 
reliabilities were excellent (Intraclass Coefficient Correlation = 0.99 
and 0.97, respectively). Total scores of the HABC-M-HV-F were 
very similar between test and retest with the same examinator, 
respectively 9 [4–15] and 8 [4–16], as well as with two examinators, 
respectively 12 [6–24] and 12 [4–23]. The SEM was 0.62 and the 
SDC was 1.72. No floor nor ceiling effects were observed. The con-
vergent validity was almost entirely confirmed with 71.4% of our 
hypothesis confirmed.
Conclusion: The HABC-M-HV-F has been shown to be a valid and 
reliable tool for standardized PICS screening and follow-up among 
French-speaking ICU survivors. A remote administration by phone is 
feasible, making it an advantageous alternative in the growing context 
of telemedicine.

Compliance with ethics regulations: Yes in clinical research.

Healthy Aging Brain Care Monitor Hybrid Version in French
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Rationale: The Conduct study was initiated following a request from 
the French Health Authorities, to describe the use of Ceftolozane/Tazo-
bactam (C/T) in current clinical practice.
Patients and methods/Materials and methods: This was an obser-
vational, prospective, multicenter, French study. Any patient hav-
ing received at least one dose of C/T was eligible to participate and 
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followed-up upon inclusion until stop of C/T. This analysis aims to 
examine C/T outcomes relative to renal functions, in patients with 
pneumonia, or treated for complicated intra-abdominal (cIAI) or uri-
nary tract infections (cUTI) and pyelonephritis (other indications). 
Current recommended daily C/T doses are 6  g/3  g for pneumonia 
treatment (indication approved in August 2019), and 3  g/1.5  g for 
the other indications, with decreased daily doses recommended in 
patients with renal impairment. Normal renal functions were defined 
as creatinine clearance (CLCR) between 50–150  mL/min, augmented 
renal clearance (ARC) was defined as CLCR > 150  mL/min, and renal 
impairment (RI) as CLCR < 50 mL/min.
Results: Between October 2018 and December 2019, 260 patients 
were enrolled and data on renal functions were available for 240. 
Of these, 133 (55.4%) presented with pneumonia (of whom, 30.8% 
[N = 41/133] included after the approved indication), and 50 (20.8%) 
received C/T for the three other approved indications (the remaining 
57 received C/T for another indication—data not shown). Baseline 
demographic and clinical characteristics are presented in Table  1. 
Among patients treated for pneumonia and included after the indi-
cation was approved, all RI patients received a dose adaptation (less 
than 6 g/3 g). On the other hand, 3/5 (60%) of ARC patients and 10/29 
(34.5%) of patients with normal renal functions received doses lower 
than 6 g/3 g. For the other indications, the majority of ARC and normal 
renal function patients received the standard dose (57.1% [N = 4/7] 
and 71% [22/31], respectively); 42.8% of ARC patients and 22.6% 
with normal renal function received higher doses (between 4  g/2  g 
and 6 g/3 g). Among RI patients, dose adaptation was not strictly fol-
lowed (8/12 received 3 g/1.5 g, and one patient received 4.5 g/2.25 g). 
In both groups, the most commonly reported reasons for treatment 
termination were complete or partial cure (100%, 93.1%, 85.7%, for 
ARC, normal renal functions, and RI pneumonia patients respectively, 
and 57.1%, 71%, 66.6%, for the same subgroups in patients with other 
indications).
Conclusion: These results suggest that C/T dose adaptation is fol-
lowed by most clinicians, and provides important cure rates among all 
renal function groups.
Compliance with ethics regulations: Yes in clinical research.

Table 1
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Rationale: Cefepime (CEF) is one of antimicrobials commonly pre-
scribed for nosocomial infections in intensive care unit (ICU). Neuro-
toxicity of cefepime can occur for plasma concentration > 35  mg/L, 
when administered by continuous infusion [1,2]. We aimed to assess 
the risk factors of plasma CEF concentration at steady state above 
35 mg/L. We also determined the relationship between neurotoxicity, 
CEF concentration and general co-morbidities.
Patients and methods/Materials and methods: We performed a ret-
rospective study of adult ICU patients treated with CEF for at least 48 h 
between January 2019 and September 2021.
Results: Fifty-seven patients were included. Twenty-one patients had 
a renal clearance < 60 mL/min/1.73  m2 before CEF initiation. The mean 
starting daily dose of CEF was 5.4 (1.3) g. The mean time to first CEF 
monitoring was 2.9 (1.7) days and the incidence of CEF concentration 
above 35  mg/L was 46/57 (80.7%) patients. Factors independently 
associated with CEF concentration above 35  mg/L were age upper 
to 65  years old [OR = 4.1 (95% CI 1.1–62.1), p = 0.04] and initial daily 
delivery of 6 g of CEF [OR = 2.7 (95% CI 1.2–68.9); p = 0.03]. Presumed 
CEF neurotoxicity was 12/57 (21.1%) patients. Mean CEF concentration 
was higher for patients who developed neurotoxicity: 85 (31.2) mg/L 
vs 50.9 (23.4) mg/L; p = 0.001. No patient with neurotoxicity had a CEF 
concentration of 35  mg/L or less. The mean treatment duration was 
5.4 (2.6) days. The mean time to develop neurotoxicity related to CEF 
was 4.8 (1.8) days. Seventeen patients were not neurologically assess-
able due to deep sedation. The mean time from CEF change to neu-
rological improvement was 2.8 (1.6) days. CEF concentration above 
40 mg/L (p = 0.01) was more frequently associated with neurotoxicity 
in univariate analysis but did not appear to be an independent factor. 
The only independent factor for presumed CEF neurotoxicity was esti-
mated glomerular filtration rate below 60 mL/min/1.73  m2 at initiation 
of treatment [OR = 8.6 (95% CI 1.4–51.9); p = 0.02].
Conclusion: CEF concentration above 35 mg/L is frequent and there-
fore should be systematically investigated to prevent neurotoxicity.
Reference 1: Guilhaumou R, Benaboud S, Bennis Y, Dahyot-Fizelier C, 
Dailly E, Gandia P, et al. Optimization of the treatment with beta-lactam 
antibiotics in critically ill patients. Crit Care Lond Engl. 2019;23:104.
Reference 2: Huwyler T, Lenggenhager L, Abbas M, Ing Lorenzini K, 
Hughes S, Huttner B, et al. Cefepime plasma concentrations and clini-
cal toxicity: a retrospective cohort study. Clin Microbiol Infect. 2017 
Jul;23(7):454–9.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Fluconazole pharmacokinetics (PK) may be altered in criti-
cally ill patients, but changes and implications for drug dosing remain 
unclear. We aimed to describe the PK and dosage requirements of flu-
conazole in intensive care unit (ICU) patients.
Patients and methods/Materials and methods: This was a PK study 
performed in an ICU over 1 year. All patients who were prescribed flu-
conazole with at least two measured concentrations were included. A 
second dataset from a medical unit was also analyzed for comparison. 
Population PK modelling was performed by with Monolix software. 
Classical criteria were used for model evaluation including goodness-
of-fit and simulation-based diagnostics. Patient covariates were inves-
tigated. Dosing simulations were performed with the final model with 
Simulx software. Various loading (LD) and maintenance doses (MD) 
were evaluated, and probability of target attainment (PTA) was com-
puted in simulated patients (n = 1000). PK targets were set as a trough 
concentration (Cmin) of 15 mg/L and a daily AUC of 400 mg.h/L.
Results: A total of 202 plasma concentrations were available. They 
were 33 men and 19 women, with mean age of 61 ± 16  years and 
mean initial weight of 72 ± 21  kg. 59% of patients had proven inva-
sive candidiasis (C. albicans 35%, C. tropicalis 8%) and 4% has crypto-
coccosis. In ICU patients, a LD of 800 mg was administered in 83% of 
patients. Data were best described with by a one-compartment model 
with first-order elimination. The mean (CV%) of body clearance (CL) 
and volume of distribution (Vd) parameters were as follows: 0.46 L/h 
(56%) and 40.72 L (10%). ICU hospitalization was associated with a 
80% increase in CL. The optimal dosage regimen was based on a LD 
of 800 mg q12h over the first 24 h followed by a MD of 600 mg/24 h. 
This dosage was associated with median [percentiles  5th–95th] Cmin 
of 29.5 mg/L [19.2–37.3] at 24 h and 30.9 mg/L [8,6–62,8] at 120 h and 
a median AUC of 583.7 mg.h/L [461.4–706.5] at 24 h and 895.0 mg.h/L 
[356.8–1597.0] at 120 h. PTA at 24 h and 120 h were as follows 98.7% 
and 99.9% for Cmin; 99.2% and 93.4% for AUC, respectively. Only 6% of 
patients had a concentration over 80 mg/L after 5 days.
Discussion: We identified increased fluconazole clearance in ICU 
patients. LD and MD higher than currently recommended are neces-
sary to achieve PK/PD targets in most patients.
Conclusion: This study confirms interindividual variability of flucona-
zole PK and the need for higher dosage in ICU patients. Early therapeu-
tic drug monitoring may be useful for dosage individualization.
Compliance with ethics regulations: Yes in clinical research.

FC‑055 
Factors associated with failure to achieve meropenem plasma 
concentration target in critically ill patients
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Rationale: Optimal management of septic shock requires prompt and 
adequate administration of broad-spectrum antibiotic therapy, ensur-
ing that effective therapeutic levels are achieved. We aimed to deter-
mine factors associated with failure to achieve meropenem plasma 
concentration target in critically ill patients.
Patients and methods/Materials and methods: Between January 
2019 and March 2020, charts of all patients admitted in medical inten-
sive care unit (ICU) for septic shock and treated with meropenem and 
who had at least one meropenem plasma concentration measurement 
were reviewed. Adequate target meropenem plasma concentration 
was ranged from 10 to 50 mg/L. Factors associated with meropenem 
plasma concentration target non-attainment were assessed by multi-
variable logistic regression (R software version 4.1.2).
Results: 117 meropenem plasma concentrations were measured 
3  days after initiation of meropenem or change on its dosage regi-
men, in 70 ICU patients. Meropenem was administered by prolonged 

intermittent infusion in 34 patients and by continuous infusion in 36. 
Factors independently associated with failure to achieve 10  mg/L of 
meropenem plasma concentration were female sex, age < 65 years old, 
prolonged intermittent rather than continuous infusion and low daily 
doses of meropenem (Fig. 1). Factors associated with plasma concen-
trations above 50 mg/L were low body weight, renal clearance < 25 ml/
min and higher daily doses of meropenem. Of note, only 3 patients 
had neurotoxicity.
Conclusion: In ICU patients, age < 65 years old, female sex, prolonged 
intermittent infusion and low dose of meropenem were significantly 
associated with failure to achieve meropenem plasma concentration 
target. Some patients experienced a high meropenem plasma con-
centration but few of them had clinical signs of toxicity. Our results 
suggest to prefer continuous infusion of meropenem over 24 h rather 
than prolonged intermittent infusion, particularly in patients with nor-
mal or increased renal clearance.
Reference 1: Abdul-Aziz, M.H., Alffenaar, JW.C., Bassetti, M. et al. Anti-
microbial therapeutic drug monitoring in critically ill adult patients: a 
Position Paper#. Intensive Care Med 46, 1127–1153 (2020).
Reference 2: Li C, Du X, Kuti JL, Nicolau DP..Clinical pharmacodynam-
ics of meropenem in patients with lower respiratory tract infections. 
Antimicrob Agents Chemother 51:1725–1730 (2007).
Compliance with ethics regulations: Yes in clinical research.

Meropenem concentration after different daily dose among patients with 
different renal clearance. Group 1 = CrCl < 25 ml/min, Group 2 = CrCl 
25–50 ml/min or CRRT, Group 3 = CrCl 50–90 ml/min, Group 4 = CrCl 
90–130 ml/min, Group 5 = CrCl > 130 ml/min.
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Optimisation of piperacillin‑tazobactam dosing regimen 
for critically‑ill patient with sepsis: the OPT‑TAZ population 
pharmacokinetics study
SARFATI  Sacha1, WILS  Julien1, CARPENTIER Dorothée1, NILES 
 Christopher2, GOUIN  Philippe1, BRAULT Clément3, IMBERT  Laurent1, 
GAËTAN Béduneau1, NSEIR  Saad2, DAHYOT  Sandrine1, MISSET  Benoit4, 
LAMOUREUX  Fabien1

1CHU de Rouen, Rouen, France; 2CHRU de Lille, Lille, France; 3CHU 
d’Amiens, Amiens, France; 4CHU de Liège, Liège, Belgique 
Correspondence: Sacha SARFATI (sacha.sarfati@gmail.com)
Annals of Intensive Care 2022, 12(1):FC-056

Rationale: In critically-ill patient with sepsis, the piperacillin-tazo-
bactam (pip-taz) combination is one of the most used antibiotics. 
Although pharmacokinetics of pip-taz exhibits very high inter-individ-
ual variability mainly based on volume of distribution, renal clearance, 
patient’s weight and serum albumin level, a standard dosing protocol 
is generally used (1). Moreover, these covariates are highly variable 
in sepsis and predictive algorithms based on clinical and biological 
parameters may help to optimize dosing and improve outcomes. The 
aim of the study is to use a population pharmacokinetics study to 
build a Bayesian model predicting the optimal dosing regimen of pip-
taz in sepsis patients.
Patients and methods/Materials and methods: The OPT-TAZ (opti-
misation of pip-taz) study is a prospective multicenter open-label non-
comparative cohort study designed with a 60-patient learning cohort 
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and a 30-patient validation cohort. Patients will be included prospec-
tively in 4 ICUs in France. The protocol plan to analyze pharmacokinet-
ics of 60 patients then development of a predictive model validated 
on 30 patients. We present here the analysis of the 60 first patients. 
Standard dosing of pip-taz 4 g/0,5 g each 6 h (group 1) or 8 h (group 
2) in 3 h infusion has been chosen according to clinician choice. Serum 
concentration of piperacillin and tazobactam has been measured at 
H0, 1.5, 3, 4, 5 (G1) or 6 (G2), 6 (G1) or 8 (G1), 12 (G1) or 16 (G2), 24, 
48 and 120 with a liquid chromatography coupled with tandem mass 
spectrometry (LC–MS/MS).
Results: In our cohort, we showed that pharmacokinetics of pip-taz 
present a very high inter-individual variability. Residual concentration 
was lower than recommended target concentration in more than 50% 
of cases. Dosing of 4 g/0.5 g every 8 h and augmented renal clearance 
were risk factor for failure of PK/PD target attainment. PK of piperacil-
lin and tazobactam show a strong association and tazobactam con-
centration was of the order of 10% of piperacillin concentration.
Conclusion: In conclusion, pip-taz dosing regimen must be adapted 
to patient characteristics. Creatinine clearance is one of the most 
important covariates to take into consideration for dose adaptation. 
The dose of 4 g/0.5 g each 8 h must be considered of high risk of fail-
ure of PK/PD attainment in patient with no impaired renal function. 
Therapeutic drug monitoring is an essential tool to assess the match of 
dosing regimen with PK/PD target.
Reference 1: (1) Huttner A, Harbarth S, Hope WW, Lipman J, Roberts 
JA. Therapeutic drug monitoring of the ?-lactam antibiotics: what is 
the evidence and which patients should we be using it for? J Antimi-
crob Chemother2015;70(12):3178–83.
Compliance with ethics regulations: Yes in clinical research.

Residual concentration of piperacillin over time in group 1 (4 g each 6 h) 
and group 2 (4 each 8 h) compared to different level of PK/PD target.

FC‑057 
Should we really ban 3rd generation cephalosporin (C3G) use 
for the treatment of Enterobacter cloacae infection in ICU 
patients?
BERNIER  Juliette1, TANKOVIC  Jacques1, VILLA  Antoine1, URBINA  Tomas1, 
BONNY  Vincent1, GABARRE  Paul1, AIT OUFELLA  Hafid1, MAURY  Eric1

1CHU Saint Antoine, Paris, France 
Correspondence: Juliette BERNIER (j.bernier1505@laposte.net)
Annals of Intensive Care 2022, 12(1):FC-057

Rationale: Limiting the ecological impact of antibiotics through 
accurate prescription is one of the major goals of antibiotic steward-
ship policy. However, an antibiotic-sparing strategy must not have a 
potential deleterious impact on patient’s prognosis. Group 3 Entero-
bacteriaceae possess the AmpC gene encoding a cephalosporinase. 
Antibiotic therapy with a 3rd generation cephalosporin (C3Gs) might 
lead to treatment failure when cephalosporinase hyperproducing 
mutants (Hcase) emergence occurs making them resistant to all peni-
cillins and C3Gs. Thus, expert recommendations advise against the use 
of C3Gs as monotherapy in this case (1). This risk would be increased 
for Enterobacter cloacae species. This statement, based on old studies, 

is now being debated (2). This study aimed at evaluating mutants 
Hcase emergence when treating Enterobacter cloacae complex wild-
type infections in ICU patients with C3Gs.
Patients and methods/Materials and methods: Methods: We per-
formed a multicenter retrospective study including microbiological 
files of patients more than 18, admitted to intensive care unit, between 
January 2015 and August 2021, and who were treated for wild-type 
Enterobacter cloacae infection and assessed mutants emergence 
defined by a subsequent sample finding mutants Hcase emergence 
whatever clinical evolution.
Results: Among the 5275 Enterobacter cloacae species found from 
the microbiology files during the study period, 373 were associated 
to infections occurring in ICU patients and finally 165 ICU patients 
infected with C3Gs susceptible E cloacae were included in the analy-
sis. C3Gs resistance emergence was observed in 19 cases (11.5%), 
13 being related to Hcase mechanism and 6 to extended spectrum 
beta-lactamase (ESBL) production. C3G were used in 56 cases (35%) 
before identification (n = 12), after identification (n = 18) or exclu-
sively (n = 26). Cefepime was used in 67 cases (41%) before identi-
fication (n = 11), after identification (n = 28), exclusively (n = 21), or 
combined with a fluoroquinolone (n = 3), an aminoglycoside (n = 3) 
or sulfamethoxazole (n = 1). Mutants Hcase emergence occurred most 
often after an exclusive treatment by cefotaxime (n = 5), cefepime 
(n = 2), tazocillin (n = 3). Three were observed following tazocillin/
aminoglycoside association (n = 1), tazocillin followed by sulfameth-
oxazole (n = 1) or cefepime/fluoroquinolone association (n = 1). None 
was observed after carbapenem use. Considering patients receiving 
monotherapy following identification, mutants Hcase emergence was 
more frequent in the C3G group than in the cefepime group (11,4 vs 
4% respectively, (p = 0.3).
Conclusion: Enterobacter cloacae mutants Hcase emergence could 
be more frequent following C3G use than cefepime. The data reported 
here are not significantly different but are obtained on a limited 
population. A prospective study would be necessary to answer this 
question.
Reference 1: 1. 2021. CASFM / EUCAST AVRIL 2021 V1.0. Société Fran-
çaise de Microbiologie. https:// www. sfm- micro biolo gie. org/ 2021/ 04/ 
23/ casfm- avril- 2021- v1-0/. Retrieved 23 January 2022.
Reference 2: 2. Mizrahi A, Delerue T, Morel H, Le Monnier A, 
Carbonnelle E, Pilmis B, Zahar JR. 2020. Infections caused by 
naturally AmpC-producing Enterobacteriaceae: Can we use third-
generation cephalosporins? A narrative review. International Journal 
of Antimicrob.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Since December 2019, COVID-19 has affected more than 
400  million people and caused more than 5  million deaths, causing 
a truly global pandemic. While most people with COVID-19 will have 
a minor or moderate form of the disease, some people will develop 
severe acute respiratory distress syndrome (ARDS), requiring admis-
sion to intensive care and the use of mechanical ventilation (VM) and 
sometimes venovenous extracorporeal membrane oxygenation (VV-
ECMO). However, COVID-19 has been associated with an increased risk 
of thromboembolic and bleeding events, and heparin resistance dur-
ing VV-ECMO treatment in critically ill patients admitted to the inten-
sive care unit (ICU). The therapeutic target for anticoagulation under 
VV-ECMO is not really known. The anticoagulant treatment of choice 

https://www.sfm-microbiologie.org/2021/04/23/casfm-avril-2021-v1-0/
https://www.sfm-microbiologie.org/2021/04/23/casfm-avril-2021-v1-0/
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according to the ELSO recommendations is unfractionated heparin 
with anti-Xa targets between 0.2 and 0.4. The objective of this cohort 
study was to evaluate the association between severe COVID-19 infec-
tion and the occurrence of thromboembolic and bleeding complica-
tions following VV-ECMO.
Patients and methods/Materials and methods: We conducted a 
monocenter retrospective observational study in the ICU department 
of the University Hospital of Martinique from January 2020 to Decem-
ber 2021. Our center has an on-call ECMO mobile unit (UMAC) which 
includes a cardiothoracic surgeon and a perfusionist nurse. Requests 
for VV-ECMO French West Indies (Guadeloupe, Martinique, and French 
Guyana) are regulated by the intensivist on duty at the Martinique 
University Hospital.
Results: We included the records of 40 patients with 25 COVID-19 
patients and 15 non-COVID-19 patients over the period January 2020 
to December 2021. Six non-COVID-19 patients were excluded: 3 for 
deaths within 24 h, one patient with acute myeloid leukemia type 3, 
and 2 patients with a contraindication to heparin therapy. The median 
age was 46  years old for COVID-19 patients et 49  year old for non-
COVID-19 patients. COVID-19 patients experienced thromboembolic 
complications in 55% of cases (11) and non-COVID-19 patients in 24% 
of cases (2), p = 0.1
Conclusion: Our study confirms that the management of antico-
agulation in VV-ECMO represents a particular challenge in COVID-19 
patients who appear to be at increased risk of thromboembolic risk 
complications without sparing the bleeding consequences of the 
assistance. On the other hand, the difference in thromboembolic and 
hemorrhagic complications in our two groups was not significant.
Compliance with ethics regulations: Yes in clinical research.
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and treatment options
SGHAIER  Ameni1, RHAIEM  Sirine1, JAMOUSSI  Amira1, AYED  Samia1, 
RACHDI  Emna1, JARR AYA   Fatma1, BESBES  Mohamed1, BEN KHELIL  Jalila1

1Hopital Abderrahman Mami, Ariana, Tunisie 
Correspondence: Ameni SGHAIER (sghaier.ameni@caramail.com)
Annals of Intensive Care 2022, 12(1):FC-059

Rationale: Although primarily a respiratory virus, SARS-CoV-2 has 
shown clear impact on hemostasis, often resulting in hypercoagula-
bility state. Deep vein thrombosis, pulmonary embolism and arterial 
occlusion have all been increasingly reported and investigated during 
the COVID-19 pandemic. Few studies have however focused on the 
occurrence of bilateral acral ischemia (BAI). The aim of our study was 
to examine the characteristics of COVID-19 patients who developed 
BAI, as well as the various therapy options that might be offered to 
them.
Patients and methods/Materials and methods: We conducted a 
retrospective study including patients admitted to our intensive-care 
unit for acute respiratory distress (ARDS) due to COVID-19 between 
January and August 2021. Clinical characteristics, laboratory findings 
and vasopressive treatment doses were recorded and used to com-
pare between patients who developed BAI and those who did not. 
Fischer bilateral exact test and Mann–Whitney-u test were used for 
comparison between groups.
Results: During the study period, 398 patients were admitted; 238 
male and 160 female. Of these patients, 8 developed BAI (7 men). 
Mean age was 67  years old. Medical history of diabetes was pre-
sent in 7 patients, and hypertension in all 8 patients. All patients 
who developed BAI had severe ARDS. Only one patient remained 
on non-invasive ventilation support at the time of BAI occurrence 
and until discharge. The main affected sites of BAI were fingers and 
toes although ear lobules were also involved in 3 patients. The mean 
time to development of BAI starting from the day of admission was 

4.9 days. Among patients who were intubated, the mean time of BAI 
occurrence after intubation was 1.2 days. 4 patients were not under 
any vasopressive treatment at the time of BAI development. The mean 
norepinephrine dose among the other 4 patients was 0.65  mg/h. 
When compared to the other group of patients, there was no statis-
tically significant difference in gender (p = 0.12), median age (56 vs 
67  years old; p = 0.054), baseline prothrombin time levels (p = 0.08), 
d-Dimer levels (p = 0.13), platelet count (p = 0.22) and blood fibrino-
gen levels (p = 0.061) when available. Survival rates between the two 
groups were not statistically significant (196 vs 1 patient; p = 0.068). 
Anticoagulant treatment using heparin was given to 4 patients, with 
only one patient improved over the course of 10  days. One patient 
received thrombolysis for subsequent pulmonary embolism with 
improvement in less than 2 days.
Conclusion: BAI has been increasingly reported in critically-ill COVID-
19 patients with no apparent other risk factors to predict its occur-
rence and limited options for treatment and prevention.
Compliance with ethics regulations: N/A.
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Rationale: Endothelial injury and coagulation activation are promi-
nent axis in coronavirus disease 19 (COVID-19) pathogenesis. However, 
few studies have compared comprehensive profiles of biomarkers of 
coagulopathy/endotheliopathy with regard to the initial severity of 
COVID-19 and the time course of the disease.
Patients and methods/Materials and methods: In a prospective 
longitudinal study, we explored coagulation and endothelial function 
biomarkers in two cohorts of severe and moderate COVID-19 patients 
and according to their respective outcomes.
Results: We found that Tissue factor pathway inhibition (TFPI), Extra-
cellular vesicles—tissue factor (EV-TF), von Willebrand factor anti-
gen (VWF:Ag) and soluble thrombomodulin (sTM) at admission were 
associated with disease severity. With regard to outcome, d-dimers, 
TFPI, EV-TF, VWF:Ag/ADAMTS13 ratio and sTM at admission, at day 3 
and at day 7 were associated with death and mechanical ventilation. 
TFPI with a cut-off value of 37.5 ng/mL had 87% sensitivity and 94% 
specificity and EV-TF with a cut-off value of 13 fM had 87% sensitivity 
and 83% specificity. ROC curves analysis for severe outcome was sig-
nificant with AUC = 0.90 for TFPI and AUC = 0.88 for EV-TF (p < 0.001 for 
both).
Conclusion: We found a specific profile of specialized biomarkers of 
coagulopathy/endotheliopathy associated with the severe forms of 
COVID-19 and its clinical outcome. We identified TFPI and EV-TF to be 
of potential interest in stratifying patients’ risk or to design specific 
treatment targeting coagulation pathways. Additional studies are war-
ranted to confirm our results.
Compliance with ethics regulations: Yes in clinical research.
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ROC curves of specialized biomarkers at admission for severe outcome 
(death or mechanical ventilation) Definition of abbreviations: AUC, area 
under the curve; TFPI, tissue factor pathway inhibitor; EV-TF, extracellular 
vesicles—tissue factor; VWF, vo.
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Rationale: Patients with coronavirus disease 2019 appear to be at high 
risk for thrombotic disease in both venous and arterial circulations due 
to excessive inflammation, platelet activation, endothelial dysfunc-
tion, and immobility. Anti-Xa and aPTT are prone to monitor thera-
peutic range of unfractionated heparin of patients with COVID-19 and 
severe illness. These biological parameters are certainly effective but 
are not momentary. Hence the idea of proposing ACT (Activated Clot-
ting Time), as an element for monitoring anticoagulation in patients 
infected with SARS-CoV-2, given its multiple advantages: simple, fast, 
inexpensive, and which can be done at the bedside.
Patients and methods/Materials and methods: We performed a 
study comparing the results of anticoagulation monitoring by ACT 
with anti-Xa and TCA activity in 20 patients infected with COVID-19 
and treated with curative anticoagulation (LMWH 0.8UIx2/day) over a 
one month-period. We excluded from the study patients with poten-
tials that could interfere with TCA results: Hypofibrinogenaemia, 
clotting factor deficiencies, haemodilution, Aprotinin, thrombocyto-
paenia, qualitative platelet abnormalities, oral anticoagulants.
Results: Our results are shown in Table 1. The mean age of the popula-
tion was 54 ± 10. 50% of the patients were diabetic, 25% were hyper-
tensive, one patient was asthmatic, and one patient had dyslipidemia. 
50% of patients had parenchymal involvement ≥ 75%. 35% of patients 
presented a high risk of thromboembolism. No agreement was found 
between ACT results and anti-Xa activity in our sample. In contrast, in 
95% of cases, there was a linear trend between ACT and TCA results.
Discussion: The ACT is routinely used to monitor anticoagulation dur-
ing cardiopulmonary bypass surgery and endovascular procedures. 
ACT is determined predominantly by the anti-IIa activity of the anti-
coagulant. Thus, ACT is higher with heparin or bivalirudin than with 

LMWH for the same intensity of anticoagulation. However, ACT can be 
used to monitor LMWH anticoagulation with appropriate adjustments. 
Several studies have attempted to compare the concordance between 
ACT results with anti-Xa and TCA activity in patients on low-grade UFH 
anticoagulation. They have shown that In Intensive care unit patients, 
no relationship between ACT and either UFH dose, aPTT and anti-Xa 
was observed. All the studies that were found were in IV anticoagula-
tion with UFH. The literature remains very limited about monitoring by 
ACT for anticoagulation by LMWH.
Conclusion: COVID-19 infection presents a problem with the manage-
ment of anticoagulation. The biological monitoring parameters are 
effective but are not momentary. However, bedside ACT anticoagula-
tion monitoring cannot be recommended in patients infected with 
SARS-CoV-2.
Compliance with ethics regulations: Yes in clinical research.

Table 1: Clinico-biological and radiological parameters of our patients.
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Is there a place to sulodexide in COVID‑19 critically ill patients?
DHIA  Boudour1,4, BEN ISMAIL  Khaoula1,4, ESSAFI  Fatma1,4, TALIK  Imen1,4, 
BAYOUDH  Aida3,4, FESSI  Ilhem3,4, CHKIRBENE  Mariem2, JERBI  Tahany2, 
MERHBENE  Takoua1,4
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Rationale: Several studies have demonstrated that endothelitis 
is prominent in COVID-19. Sulodexide (glycosaminoglycan with 
endothelial protective, vascular anti-inflammatory and antithrombotic 
activities) was identified to be helpful in hypoxemic patients. The aim 
of this study was to assess the contribution of sulodexide addition 
in severe SARS-CoV-2 pneumonia and to determine its impact on 
prognosis.
Patients and methods/Materials and methods: Double-arm inter-
ventional clinical trial conducted at the medical intensive care unit 
(ICU) of the regional hospital of Zaghouan (Tunisia) from April 2021 
to December 2021, after approval of the ethics committee. Consent-
ing COVID-19 patients over 18 years were included. Two groups were 
identified: Group 1 (G1) interventional group and Group 2 (G2) control. 
Sulodexide (500 LSU) was administered from the first day of ICU hospi-
talization to discharge for a total of 21 days. Epidemiological and prog-
nostic data were analyzed. The study was conducted anonymously. No 
conflict of interest to be declared.
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Results: During the study period, 149 patients were admitted with 
severe SARS-CoV-2 pneumonia. Seventy-two patients agreed to par-
ticipate in the clinical trial (G1). The rest defined the control group. On 
admission, the two groups were comparable in terms of demographic 
characteristics, clinical presentation and initial severity. Comparison 
of outcome parameters showed that patients in group 1 had devel-
oped less thromboembolic complications (23.1% vs 39.6%, p = 0.016), 
need for invasive mechanical ventilation (16.8% vs 21.3%, p = 0.031), 
with lower mortality in G1 (19% vs 36%, p = 0.047). More intra-hospital 
cardiovascular complications were noted in G2 (37% vs 12% p = 0.03). 
There were no significant differences in terms of bleeding complica-
tions’ occurrence, hemodynamic instability, incidence of healthcare-
associated infections, barotrauma complications and length of ICU 
stay. Multivariate analysis showed that sulodexide use was an inde-
pendent protective factor against thromboembolic events (OR = 0.57; 
95% CI [0.6–0.8]; p = 0.04).Follow-up of patients after three months of 
discharge showed no difference in terms of cardiovascular complica-
tions or post-COVID effects.
Conclusion: In this preliminary study, it appears that sulodexide may 
reduce the risk of thromboembolic and cardiovascular complications 
in severe COVID-19 patients without affecting the final outcome. Fur-
ther prospective, multicentre studies with endothelial function studies 
are needed to confirm this contribution.
Compliance with ethics regulations: Yes in clinical research.
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Impact of corticosteroids on coagulation profile of critically ill 
COVID‑19 patients—a before‑after study
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Rationale: Several studies have reported an increased risk of throm-
botic events in COVID-19 patients, but the pathophysiology of this 
procoagulant phenotype remains poorly understood. In addition 
to direct virus-induced endothelial injury, systemic release of pro-
inflammatory cytokines may be involved. We hypothesized that cor-
ticosteroids may attenuate this procoagulant state through their 
anti-inflammatory effects.
Patients and methods/Materials and METHODS: We conducted a 
before/after bi-centric cohort study among ICU patients hospitalized 
for severe COVID-19 and receiving therapeutic anticoagulation by 
unfractionated heparin (UFH). Before and after the standardized use of 
dexamethasone (DXM), we compared inflammatory and coagulation 
profiles, as well as the kinetics of heparin requirement, adjusted for 
weight and anti-Xa activity.
Results: Eighty-six patients were included, 35 in the no-DXM group, 
and 51 in the DXM group. At admission, CRP and fibrinogen levels 
were not different between groups, neither were UFH infusion rates. 
At day 3 after ICU admission, CRP (178 ± 94  mg/L vs 99 ± 68  mg/L, 
p < 0.0001) and fibrinogen (7.2 ± 1.4  g/L vs 6.1 ± 1.4  g/L, p = 0.0001) 
significantly decreased in the DXM group, but did not in the no-DXM 
group. From day 4, UFH infusion rates became lower in the DXM 
group (Day 4: 435 ± 190 vs 360 ± 96 UI/kg/24 h p = 0.038) without any 
significant difference in plasma anti-Xa activity. CRP variations corre-
lated with heparin dose variations between Day 0 and Day 3 (r = 0.39, 
p = 0.009). Finally, the incidence of venous thromboembolic events 
during in-ICU stay was significantly reduced in the DXM group (4 vs 
43%, p < 0.0001).
Conclusion: In this before-after bi-centric cohort of critically ill COVID-
19 patients, dexamethasone use was associated with a decrease in 
both pro-inflammatory and procoagulant profile.

Compliance with ethics regulations: Yes in clinical research.
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Pulmonary embolism in patients with COVID‑19 versus non 
COVID‑19 pneumonia
TOUJ  Hager1, SAAD  Soumaya1, SEDGHIANI  Ines1, KDEYMI  Henedi1, 
AOUAINI  Khalil1, CHELBI  Rym1, BORSALI FALFOUL  Nebiha1

1hôpital Habib Thameur, Tunis, Tunisie 
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Rationale: We aim to compare epidemiological, clinical and prognos-
tic characteristics of patients diagnosed with pulmonary embolism 
(PE) at the emergency department (ED), which we divided into two 
groups: patients with confirmed COVID-19 pneumonia versus those 
without it.
Patients and methods/Materials and methods: We conducted a 
single-centre, retrospective observational study in the period between 
April 2020 and February 2022. We included patients over 18  years 
admitted at the ED and diagnosed with PE following computed 
tomography pulmonary angiography (CTPA). SARS-CoV-2 pneumo-
nia was confirmed by RT-PCR performed in all patients included in 
our study. Patients were divided into two groups: those affected with 
COVID-19 Pneumonia and those not affected by it. Patient’s demo-
graphics, comorbidities, clinical state and prognosis were collected in 
both.
Results: 144 patients were included. The mean age was 68 ± 15 years 
with a sex-ratio of 0.9. 79 patients (55%) were diagnosed with con-
firmed COVID-19 pneumonia. The mean length of stay at ED was 
7  days. The clinical characteristics of both groups are presented in 
Table 1. The intra-hospital mortality rate was 30%.
Conclusion: The association of SARS-CoV-2 pneumonia and PE leads 
to a higher morbidity. Our findings therefore suggest that the phe-
notype of COVID-19 associated PE indeed differs from PE in patients 
without COVID-19.
Compliance with ethics regulations: Yes in clinical research.

Table 1 Baseline characteristics in COVID-19 + group and 
COVID-19—group.
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Neutrophil phenotypes and microbicidal activity in SARS‑CoV‑2 
associated ARDS patients
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1CHU Rennes, Pontchaillou, Rennes, France; 2Unitée MIcroenvironment, 
Cell differentiation, iMmunology And Cancer (MICMAC), UMR INSERM 
1236, Rennes, France 
Correspondence: Quentin QUELVEN (quentinquelven@hotmail.fr)
Annals of Intensive Care 2022, 12(1):FC-065



Page 77 of 167Annals of Intensive Care  2022, 12(Suppl 1):54

Rationale: The SARS-CoV-2 infection can lead to a severe acute res-
piratory distress syndrome (ARDS) with prolonged mechanical venti-
lation and high mortality rate, sharing clinical and biological features 
with sepsis-induced immune dysfunction. Since neutrophils play a 
critical role in host defense against infections, the aim of our study was 
to investigate phenotypic and functional alterations of neutrophils in 
patients with SARS-CoV-2 associated ARDS.
Patients and methods/Materials and methods: SARS-CoV-2 asso-
ciated ARDS patients admitted to the ICU, without known immuno-
suppression, were included. Neutrophil phenotypic maturation and 
functions (migration, adhesion, Neutrophil Extracellular Trap (NET) 
release, Reactive Oxygen Species (ROS) production, bacteria/aspergil-
lus killing and phagocytosis) were evaluated within 24 h of ICU admis-
sion and at day 7. Furthermore, in a second set of experiments, we 
investigated the effects of bronchoalveolar lavage (BAL) fluids from 
SARS-CoV-2 associated ARDS patients on neutrophils.
Results: Forty-nine patients were included (Table  1). We found that 
SARS-CoV-2 associated ARDS induced a systemic inflammation with 
an increase of circulating mature neutrophils. However, we found a 
significant decrease in CD66b expression (a marker of granulocyte 
activation involved in adhesion to endothelial cells, degranulation, 
and reactive oxygen species (ROS) production). Neutrophil antifungal 
activity against Aspergillus fumigatus was not impaired in patients with 
SARS-CoV-2 associated ARDS.
Conclusion: Although neutrophils ROS production from patients with 
SARS-CoV-2 associated ARDS was significantly decreased, our results 
do not support that the increased risk of invasive aspergillosis is linked 
to neutrophil dysfunction.
Compliance with ethics regulations: Yes in clinical research.

Table: Demographic data and outcomes of patients admitted to intensive 
care for SARS-CoV-2 associated ARDS.
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Rationale: SARS-CoV-2 infection could be responsible for life-
threatening severe lung damage with inflammatory cell infiltra-
tion, increased vascular permeability and fluid leakage. Hyaluronic 
acid (HA) is an extracellular matrix polysaccharide, detected in large 
amounts in lung alveoli in lethal cases of COVID-19 patients. HA which 
is released by inflammatory cells may be involved in the pathophysiol-
ogy of alveolar exudate formation through fluid retention. We aimed 

to evaluate the relationship between plasma HA levels and the out-
come of critically ill COVID-19 patients.
Patients and methods/Materials and methods: We performed an 
observational, bi-center study including patients admitted to intensive 
care unit with a confirmed laboratory SARS-CoV-2 infection, for acute 
respiratory failure between April 2020 and December 2020. Plasma 
level of hyaluronan was measured by ELISA.
Results: Overall, 120 patients were included in this study, median age 
was 62 [53–70] years, 25 patients (21%) were female, median SOFA 
score was 3 [2–6] at ICU admission. 76 patients (63%) required invasive 
mechanical ventilation. At admission, median  PaO2/FiO2 ratio was 157 
[112–221] mm Hg, mortality at day 28 was 20%. Median HA level was 
177 [68–356] ng/mL at admission. HA levels were twofold higher in 
non-survivors (379 [90–914] vs 150 [62–283] ng/mL), p = 0.01) whereas 
CRP and fibrinogen were not different according to the outcome. HA 
levels correlated with  PaO2/FiO2 (R = − 0.22, p = 0.02, Pearson test) but 
did not correlate with CRP.
Conclusion: Plasma HA levels were associated with poor outcome in 
critically ill patients with SARS-CoV-2 infections.
Compliance with ethics regulations: Yes in clinical research.
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Serum complement C3 and C4 prediction of mortality in critically 
ill COVID19 patients
MESSAOUD  Linda1, JAMOUSSI  Amira1, AYED  Samia1, RACHDI  Emna1, JARR 
AYA   Fatma1, YAALAOUI  Sadok1, BESBES  Mohamed1, BEN KHELIL  Jalila1

1hôpital Abderrahmen Mami, Ariana, Tunisie 
Correspondence: Linda MESSAOUD (lyndamessaoud1991@gmail.com)
Annals of Intensive Care 2022, 12(1):FC-067

Rationale: The complement system has many protective effects 
against infectious agents following activation during innate immu-
nity, through the alternative and lectin pathways, and acquired immu-
nity, through the classical pathway. However, adverse events were 
observed in COVID-19 following activation of the complement system 
by the prolonged release of pro-inflammatory mediators. We aimed to 
investigate ability of serum complement C3, C4 to predict mortality in 
patients with critical COVID-19.
Patients and methods/Materials and methods: Prospective study 
carried in respiratory medical intensive care unit of Abderrahmen 
Mami teaching hospital. It included critically ill patients diagnosed 
with COVID-19 between September 2020 and December 2021. Com-
plement C3 and C4 were measured during the first 24 h of hospitali-
zation. C3 and C4 complement deficiency was defined respectively by 
a concentration below 0.9  g/L and 0.16  g/L respectively. Association 
with ICU mortality was then analyzed.
Results: During the study period, we enrolled 34 patients. Mean age 
was of 54 ± 13 years and gender ratio of 1.8. The most common comor-
bidities were diabetes (36%), obesity (35%) and hypertension (18%). 
Nineteen patients were transferred to general ward or discharged 
(survival group) and fifteen died in hospital (non-survival group). The 
condition of 9 of these patients (27%) degraded during hospitalization 
and needed invasive mechanical ventilation. The time from hospital 
admission to intubation varied from 1 to 8 days (median 1 day). During 
the first 24 h, median C3 was 1.72 g/L [0.6–2.61], and C4 was 0.38 g/L 
[0.06–0.73]. Six patients (19%) had a C3 deficit and 5 (16%) had a C4 
deficit on admission. The overall mortality rate was 56% and the mean 
length of hospital stay was 10  days [6–17]. Patients who died had 
lower C3 concentrations in comparison to survivors (1.54 vs 1.85 g/L; 
p = 0.015). However, no significant difference was found in C4 con-
centrations (0.36 vs 0.40  g/L; p = 0.595). The level of complement C3 
was also lower in patients who required invasive mechanical ventila-
tion (1.42 vs 1.87 p = 0.016) compared to the non-invasive ventilation 
group.
Conclusion: Serum complement C3 and C4 deficiency can be 
observed in critical COVID-19 patients. C3 concentrations was signifi-
cantly lower among non-survivors and invasively ventilated patients.
Compliance with ethics regulations: Yes in clinical research.
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Early decrease of CD4 and HLA‑DR expression on monocytes 
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Rationale: Early prediction  of COVID-19 pneumonia course remains 
challenging for physicians. Characterization of blood immune cell 
status may improve patient  stratification1. This study investigates the 
value of a rapid one-step flow cytometry method in patients hospital-
ized for moderate to severe COVID-19 pneumonia.
Patients and methods/Materials and methods: Thirty patients 
with laboratory confirmed COVID-19 pneumonia were prospectively 
included and compared to 19 healthy controls. End-points of interest 
were the need for intensive care unit (ICU) admission and mechani-
cal ventilation (MV) initiation. Whole-blood immunophenotyping 
was performed within the first 48 h of hospital admission using three 
antibody panels (Beckman Coulter, Brea, USA) focusing on leucocytes 
(DURAClone IM Phenotyping Basic panel), granulocytes (DURAClone 
IM Granulocytes panel), and myeloid activation markers (IOTest Mye-
loid Activation Antibody Cocktail: CD169, CD64, HLA-DR). Leucocyte 
staining and lysis were performed following the one-step  method2. 
Comparisons were performed using Mann–Whitney U test. Receiver 
operating characteristic (ROC) analysis was used to determine the 
area under the curve (AUC) of factors associated with ICU admission 
and MV requirement. Continuous data are presented as median and 
interquartile.
Results: COVID-19 patients were mostly male (87%), aged 61 [50,71] 
years, and 12 (40%) were obese. Nine COVID-19 patients (30%) 
received standard oxygen therapy in the ward while 21 (70%) required 
ICU admission. Among ICU patients, 7 (23%) received high flow oxy-
gen therapy and 14 (47%) required MV of whom 3 also received extra-
corporeal membrane oxygenation. Four patients (13%) deceased. We 
confirmed a COVID-19 signature including: 1) a reduction of HLA-DR 
expression; 2) decreased basophils, eosinophils, T-cells, NK cells, and 
non-classical monocyte count; and 3) an upregulation of CD169, CD64, 
the adhesion/migration markers (CD62L and CD11b), and the check-
point inhibitor CD274. COVID-19 patients requiring MV presented sig-
nificantly lower expression of HLA-DR and CD4 on monocytes, as well 
as reduced CD8+ T-cell count. These three parameters predicted MV 
requirement with respective AUC of 0.87, 0.87 and 0.79 but their com-
bination increased the AUC up to 0.991 (Fig.  1). Similarly, ICU admis-
sion was best predicted by the combination of HLA-DR and CD4 on 
monocytes with CD4+ T-cell count, yielding an AUC of 0.947.
Discussion: This study further describes the immunophenotypic alter-
ations associated with COVID-19, emphasizes the role of monocytes, 
and strengthens the clinical potential of a rapid, one-step, flow cytom-
etry method.
Conclusion: HLA-DR and CD4 expression on monocytes, when com-
bined to CD4+ and CD8+ T-cells count, may facilitate the early predic-
tion of ICU admission and MV initiation in hospitalized patients with 
COVID-19 pneumonia.
Reference 1: Chevrier, S et  al. A Distinct Innate Immune Signature 
Marks Progression from Mild to Severe COVID-19. Cell Rep Med 2021, 
2 (1), 100166.
Reference 2: Ait Belkacem, I et al. One-Step White Blood Cell Extracel-
lular Staining Method for Flow Cytometry. Bio-protocol 2021, 11 (16), 
e4135–e4135.
Compliance with ethics regulations: Yes in clinical research.

Immune parameters at hospital admission in COVID-19 patients. A-D: 
Comparison of HLA-DR and CD4 expression on monocytes and CD4+ and 
CD8+ T cell count according to MV or ICU admission. B–D: Individual and 
combined ROC curves of the three best discriminant.
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Rationale: Neutrophil alveolitis has been reported in the early course 
of mechanically ventilated patients with COVID-191,2. Whereas lym-
phocytic alveolitis is described in organizing pneumonia, whether this 
pattern occurs during the course of COVID-19-related respiratory fail-
ure is unknown.
Patients and methods/Materials and methods: Retrospective 
observational cohort study performed in a single-center. All patients 
with COVID-19-related respiratory failure admitted to our ICU between 
September 2020 and June 2021 (second and third wave) and who had 
broncho-alveolar lavage (BAL) were included. BAL was performed for 
secondary worsening or lack of improvement after excluding ven-
tilator-associated pneumonia or pulmonary embolism. Secondary 
worsening was defined as a one-point increase on the World Health 
Organization 7-point Clinical Progression Scale (WHO-CPS) occurring 
after steroid discontinuation and after a first step of improvement 
(at least one-point drop on the WHO-CPS). Lack of improvement was 
defined as no point-drop on WHO-CPS after ten days of steroids. The 
primary outcome was the prevalence of lymphocytic alveolitis defined 
by a lymphocyte count at least 20% of total cellular count.
Results: Among the 182 patients admitted for COVID-19-related 
respiratory failure over the study-period, BAL was performed in 20 
patients with secondary worsening (n = 12) or lack of improvement 
(n = 8). As compared to the others, patients who underwent BAL 
were more likely to be intubated (18 of 20 patients, 90% vs. 76 of 162 
patients, 47%; p < 0.001), and had longer duration mechanical ventila-
tion (24 days in median [14–39] vs. 10 days [8–15]; p < 0.001). Among 
the 20 patients who underwent BAL, 10 (50%) had lymphocytic alve-
olitis including 50% of patients who had BAL for secondary worsen-
ing (6 out of 12 patients), and 50% of patients who had BAL for lack of 
improvement (4 out of 8 patients). All patients with lymphocytic alve-
olitis received a second course of steroid therapy after BAL. Mortality 
was 75% in patients with lack of improvement (3 of 4 patients) and 
17% (1 of 6 patients) in those with secondary worsening.
Conclusion: Lymphocytic alveolitis was found in half of patients who 
underwent BAL for secondary worsening or lack of improvement and 
was associated with good outcomes when a second regimen of ster-
oid was administered to patients with secondary worsening.
Reference 1: Baron A, Hachem M, Tran Van Nhieu J, Botterel F, Fourati 
S, Carteaux G, De Prost N, Maitre B, Mekontso-Dessap A, Schlemmer 
F. Bronchoalveolar lavage in patients with COVID-19 with invasive 
mechanical ventilation for acute respiratory distress syndrome. An.
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Reference 2: Cornelissen C, Bergs I, Müller A, Daher A, Kersten A, Bal-
fanz P, Lemmen S, Marx G, Marx N, Dreher M, Müller T. Broncho-alveo-
lar lavage in patients with acute respiratory distress syndrome due to 
COVID-19. Internal Medicine Journal 51 (2021) 965–967.
Compliance with ethics regulations: N/A.
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Rationale: We want to describe the epidemiological, clinical and out-
come of critically ill patients with SARS-CoV-2 pneumonia and to iden-
tify risk factors for in-hospital mortality in these patients.
Patients and methods/Materials and methods: We conducted a 
prospective cohort study of critically ill adults admitted into ICU from 
Mars 2020 to February 2022 for SARS-CoV-2 pneumonia.
Results: A total of 301 patients were admitted into our ICU for acute 
respiratory failure due to SARS CoV-2 pneumonia. Mean age was 
62 years (25–86). Mean delay to ICU hospitalization was 8 (1–27) days 
and mean duration of ICU stay was 8 (1–149) days. Mean SAPS was 32 
(12–75). Sex ratio (M/F) was 2. Mean body mass index was 30 (18–68). 
169patients (56%) had hypertension, 100 (33%) were diabetics and 
33 (11%) had chronic kidney diseases. Within the study period, 258 
patients (86%) have needed non-invasive ventilation and 250 (83%) 
had high flow nasal oxygen as first line therapy.143 patients (48%) 
received mechanical ventilation for a mean duration of 12 days (1–47) 
and 67 (47%) of them were extubated. 129 patients (43%) needed cat-
echolamine, 41 (14%) renal replacement therapy and 11 (7,7%) ECMO. 
Different immunomodulator’s therapies were used during study 
period: 124 patients (41%) received dexamethasone 6 mg/day for ten 
days, 113 (38%) received dexamethasone 0,1 mg/kg/days for ten days 
and 26 (8,6%) received bolus of methylprednisolone 250 mg/days for 
three days as rescue therapy. We have administrated tocilizumab in 22 
patients (7,3%). In the univariate analysis, risk factors associated with 
mortality were age, hypertension, SAPS II, chronic renal diseases, AKI, 
use of catecholamine and mechanical ventilation. In the multivariate 
analysis, risk factors associated with mortality were mechanical venti-
lation and use of catecholamine.
Conclusion: Our experience during this pandemic period is similar to 
the results of most European studies. The use of mechanical ventila-
tion and catecholamine were associated with a poor outcome. More 
studies are needed on this subject.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: COVID-19 is a global health crisis. The evolution of the dis-
ease is unpredictable with disastrous socio-economic consequences. 
The aim of the present work is to study the epidemiological, clinical, 
diagnostic, therapeutic and evolutionary aspects, as well as risk factors 

associated with SARS-CoV-2 infection in 600 patients, admitted to the 
intensive care unit of a university hospital during the first wave of the 
pandemic.
Patients and methods/Materials and Methods: This is a retrospec-
tive descriptive and analytical study conducted on patients with 
COVID-19 between 22 March and 31 December of 2020. Data were col-
lected using computerized medical records on HOSIX and were ana-
lyzed by the SPSS software.
Results: Of 600 patients, the median age was 64 years (IQR 15–100), 
403 patients were male (sex ratio = 2.05), 387 patients had a BMI 
above normal, 191 had a history of hypertension, 188 had a history 
of diabetes. Fever, cough, dyspnea were the predominant symptoms, 
379 patients had more than 50% lung involvement on chest CT. The 
majority of patients had desaturation on admission. Respiratory dis-
tress, lymphopenia, thrombocytopenia, elevated CRP and hypergly-
cemia were significantly associated with an unfavorable outcome. 
The management was based on synthetic antimalarials associated 
with azithromycin, corticosteroids, ventilatory support as well as spe-
cific management of complications with a good evolution in 67.5% of 
cases, mean duration of hospitalization in the intensive care unit was 
8.2 days varying from 2 to 49 days.
Conclusion: The results of our study are consistent with other series. 
COVID 19 remains a malignant disease if management is delayed and 
leads to the development of several complications. Barrier measures 
remain the best means of prevention against covid-19. Mass vaccina-
tion to acquire herd immunity is the way to control this infection.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The aim of this study was to compare the prognosis of 
patients with acute respiratory failure (ARF) due to the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) variant 501Y.V2 to 
that of patients with ARF due original strain.
Patients and methods/Materials and methods: This retrospective 
matched cohort study included all consecutive patients who were 
hospitalized for ARF due to SARS-CoV-2 in our University Hospital 
between March 2020 and April 2021. Twenty-eight in hospital mortal-
ity was evaluated before and after matching.
Results: A total of 218 patients with ARF due to SARS-CoV-2 were 
enrolled in the study. Of these, 83 (38.1%) were infected with the 501Y.
V2 variant. During intensive care stay, 104 (47.7%) patients received 
invasive mechanical ventilation and 20 (92%) patients were supported 
by venovenous extracorporeal membrane oxygenation. Patients 
infected with the 501Y.V2 varient were younger (58 [51–68] ver-
sus 67 [56–74] years old, p = 0.003), had less hypertension (54.2% vs 
68.1%, p = 0.04), and had less chronic kidney disease (13.3% vs 31.9%, 
p = 0.002) than patients infected with the original strain. After control-
ling for confounding variables (62 matched patients in each group), 
28-day mortality was higher in the group of patients infected with the 
501Y.V2 variant (30.6%) than in the group of patients infected with the 
original strain (19.4%, p = 0.04).
Conclusion: In our department, where SARS-CoV-2 incidence 
remained low until February 2021 and the health care system was 
never saturated, mortality was higher in patients with ARF infected 
with the 501Y.V2 variant than in patients infected with the original 
strain.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The Covid-19 pandemic has hit our country as well as coun-
tries around the world since December 2019 with its beginning in 
Wuhan, China. This virus has threatened the life of human beings by 
attacking various organs, causing especially respiratory distress requir-
ing hospitalization in intensive care unit and causing significant mor-
tality. The aim of this study was to describe the clinical characteristics 
and outcome of patients with coronavirus disease-2019 (COVID-19) 
hospitalized in intensive care unit (ICU).
Patients and methods/Materials and methods: We conducted a 
retrospective study in a medical ICU over a period of 16 months [Sep-
tember 2020–December 2021] including patients with SARS-COV2 
infection.
Results: During the study period, 586 patients were included with a 
mean age of 59.5 ± 14.7 years and a sex ratio of 1.6. The median SAP-
SII and SOFA score were respectively of 29 ± 14.8 and 4 ± 2.6. Most 
patients had comorbidities, including hypertension (36%), obesity 
(32.1%) and diabetes mellitus (36.2%). A total of 419 (71.5%) patients 
had severe acute respiratory distress syndrome (ARDS). Severe lung 
damage ranging between 50 and 75% of the lung parenchyma was 
estimated in 175 patients (30%). 117 (20%) had lung parenchyma 
damage ≥ 70%. Invasive mechanical ventilation was required in 264 
patients (45.1%) for a median of 3 days. During the ICU stay, vasopres-
sor therapy was required in 232 patients (39.6%). Thromboembolic 
complications were found in 32 (5.5%) patients. Pulmonary embo-
lism was diagnosed in 22 patients (3.8%) and thrombophlebitis in 10 
(1.7%). 239 patients (40.8%) developed renal failure during their hos-
pitalization, and only 37 (6.3%) required hemodialysis. Median ICU 
length of stay was 6 [IQR 3–10] days and overall mortality was 49% 
(287 patients). Multivariate logistic analysis showed that an age older 
than 60 years, CRP value > 75 mg/l at admission, invasive mechanical 
ventilation, occurrence of infection or acute kidney injury were inde-
pendent predictors of mortality in patients with severe COVID-19.
Conclusion: In this cohort of patients admitted to the intensive care 
unit, COVID-19 pneumonia was associated with high morbidity and 
mortality rates. The main clinical predictors were age, CRP value at 
admission, invasive mechanical ventilation, occurrence of infection or 
acute kidney injury.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The recent emergence of COVID-19 has confronted us with 
an unprecedented global health crisis with a saturation of hospitals, 
particularly in ICUs and consequently a rate of very high mortality. Our 
first priority is to improve the prognosis particularly with early man-
agement. The aim of this study was to evaluate the characteristics of 
COVID-19 patients admitted to ICUs and prognosis factors.
Patients and methods/Materials and methods: We conducted a ret-
rospective analysis of COVID-19 patients’ mortality and predictive fac-
tors of mortality in ICU at the medical emergency department of UHC 
of Oran in Algeria between 01/01/2021 au 01/01/2022. Non-survivors 
were compared to survivors using multivariable analysis. We analyzed 

age, comorbidities, vaccination status, CT scan results, D-dimer rate at 
admission and invasive ventilation.
Results: During this period between January 2021, to January, 2022, 
223 COVID-19 patients required ICU admission with a peak of 26,9% 
patients in July and august. In these patients with confirmed COVID-
19, the sex ratio was 0.66, patients were older than 60  years in the 
majority of cases against only 4% under 40 years, and the majority of 
patients was Unvaccinated (those who have not received any dose of 
a COVID-19 vaccine). The presence of comorbidities (86%), the peri-
bronchovascular distribution of lesions, the number of zones involved, 
and especially percentage greater than 50% in 55% cases and d-dimer 
greater than 1000 (62%) were associated with increased risk of ICU 
admission. The mortality of this group was higher (66%). Non-survi-
vors were older and had more frequently various comorbid diseases 
(56% of patients were hypertensive and 43% were diabetic) than sur-
vivors. The use of invasive mechanical ventilation was independently 
associated with an increased mortality in ICU using the multivariable 
analysis.
Conclusion: In our cohort, patients with the higher mortality were 
older and had more frequently various comorbid diseases and 
received invasive mechanical ventilation despite adequate and early 
management. The initial chest CT scan can predict COVID-19 positivity, 
ICU admission, mortality, and disease severity.
Compliance with ethics regulations: N/A.
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Rationale: Predictive scores assessing the risk of respiratory failure in 
Covid-19 mostly focused on the prediction of early intubation (1). A 
combined assessment of clinical parameters and biomarkers of endo-
theliopathy could allow to predict late worsening of acute respiratory 
failure (ARF) subsequently warranting intubation in Covid-19 (2).
Patients and methods/Materials and methods: Retrospective sin-
gle-center derivation (N = 92 subjects) and validation cohorts (N = 59 
subjects), including severe Covid-19 patients with non-invasive res-
piratory support for at least 48  h following ICU admission. We used 
stepwise regression to construct the Covid endothelial and respiratory 
failure (CERES) score in a derivation cohort, and secondly assessed its 
accuracy for the prediction of late ARF worsening requiring intubation 
within 15 days (D15) following ICU admission in an independent vali-
dation cohort.
Results: Platelets, fraction of inspired oxygen and endocan measured 
on ICU admission were identified as the top 3 predictive variables for 
late ARF worsening and subsequently included in the CERES score. 
The area under the ROC curve of the CERES score to predict late ARF 
worsening was respectively calculated in the derivation and valida-
tion cohorts at 0.834 and 0.780 (Fig. 1A). A CERES value ≥ 140 showed 
the best sensitivity to predict late ARF worsening on D15, observed 
respectively at 1 and 0.93 in the derivation and validation cohorts, 
while specificity was found at 0.48 and 0.44, respectively. Further, the 
best specificity for the prediction of late ARF worsening on D15 was 
observed for a CERES value ≥ 333, being then respectively found at 0.9 
and 0.93 in the derivation and validation cohorts, while sensitivity was 
measured at 0.45 and 0.5 with this cut-off (Fig. 1B).
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Discussion: Two distinct clinical applications may be derived from our 
results. First, we found that a CERES value ≥ 140 has a very high sensi-
tivity for the detection of patients eventually requiring invasive respir-
atory support. Accordingly, the non-invasive strategy was successful in 
nearly all patients with a CERES score < 140. We could therefore pro-
pose to maintain non-invasive strategies in patients with a CERES 
score < 140. In the same view, a CERES score ≥ 333, which detected the 
further need for invasive support with a high specificity, could be used 
to propose earlier intubation in patients with the highest risk of failure 
of non-invasive strategies.
Conclusion: In patients with severe Covid-19 undergoing non-inva-
sive respiratory support, CERES values < 140 and ≥ 333 appear as 
accurate predictors of late worsening of ARF requiring subsequent 
intubation.
Reference 1: Prakash J, Bhattacharya PK, Yadav AK, Kumar A, Tudu LC, 
Prasad K. ROX index as a good predictor of high flow nasal cannula fail-
ure in COVID-19 patients with acute hypoxemic respiratory failure: A 
systematic review and meta-analysis. J Crit Care. 2021 Dec;
Reference 2: Dupont A, Rauch A, Staessens S, Moussa M, Rosa M, Cor-
seaux D, et  al. Vascular Endothelial Damage in the Pathogenesis of 
Organ Injury in Severe COVID-19. Arterioscler Thromb Vasc Biol. 2021 
May 5;41(5):1760–73.
Compliance with ethics regulations: Yes in clinical research.

Figure 1. ROC curves for the prediction of late ARF worsening at D15 in the 
derivation and validation cohorts. A) ROC curves were computerized in 
derivation and validation cohorts for the CERES score (black plain line), for 
the top 2 predictive variables.
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Rationale: Although management of acute respiratory failure with 
coronavirus 2019 disease often involves the use of mechanical ventila-
tion, the optimal time to initiate invasive mechanical ventilation (IMV) 
remains unknown. The aim of this study was to assess the impact of 
the timing from admission to intubation on mortality in patients with 
SARS-CoV-2 acute respiratory distress syndrome (ARDS).
Patients and methods/Materials and methods: This retrospective 
study was conducted in an intensive care unit (ICU) between March 
2020 and September 2021. We included adult patients with ARDS sec-
ondary to SARS-CoV-2 who required IMV. We did not include patients 
who were intubated prior to admission. The median time from admis-
sion to intubation was 72 h. We defined “early” intubation as intubation 
within 72 h of ICU admission and “late” intubation as intubation occur-
ring at any time after 72 h. Patients were divided into two groups: early 
intubation (G1) (≤ 72 h) or late intubation (G2) (> 72 h) for analysis.

Results: During the study period, 298 patients required IMV of 
which 175 were intubated early (58.7%) and 123 were intubated 
late (41.3%). The two groups were comparable in terms of age 
(61 ± 12  years vs 63 ± 11  years; p = 0.086, G1, G2 respectively) and 
gender ratio (1.69 vs 2.41, G1, G2 respectively). However, patients in 
G1 had higher SAPSII at admission (32.3 ± 11 vs 28 ± 7; p = 0,002). 
Patients in the G1 had a worse  PaO2/FiO2 ratio (median, 100 mm Hg 
vs 130  mm Hg; p = 10–3), at the time of intubation in comparison 
with the G2. Lower static compliance (22  ml/cm  H2O vs 28  ml/cm 
 H2O; p = 0.562) and higher plateau pressure (29  cm  H2O vs 22  cm 
 H2O; p = 0.180) were noted in the G2, although these values were 
not statistically significant. The length of stay in the ICU was similar 
between both groups (8  days [4–15] vs 13  days [9–18]; p = 0.156). 
Even among survivors who were successfully weaned from mechan-
ical ventilation (n = 25; 8.4%), length of stay was similar between 
both groups (30  days [12–45] vs 31  days [18–41]; G1, G2 respec-
tively; p = 0.635). There was no significant difference in mortality 
between patients in G1 and G2 (57.5% versus 42.5% p = 0.159). The 
overall mortality rate was 91.6% and the average length of hospital 
stay was 11 days [6–17].
Conclusion: An early intubation strategy was not associated with 
decreased mortality and morbidity compared to late intubation in 
patients with ARDS due to SARS-CoV-2.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Chest Electrical Impedance Tomography (EIT) is a non-
invasive technique that produces continuous cross-sectional 
images of regional lung ventilation. Tidal impedance variation has 
been recently proposed to estimate the tidal volume of patients 
with acute respiratory failure by using a calibration factor given 
by the ratio of tidal volume divided by tidal impedance variation 
(1). Whether this calibration factor can be used in all patients is 
unknown. This study hypothesized that K-factor varies between 
patients.
Patients and methods/Materials and methods: We took the oppor-
tunity of a study evaluating chest electrical impedance tomography in 
mechanically ventilated patients. EIT was connected to the ventilator 
and a 5-min recording was performed while patients were still under 
pressure support. Median chest impedance variation and median 
tidal volume were calculated through 100 respiratory cycles over the 
5-min period for each patient (or less if respiratory rate was below 20 
per minute). K-factor was calculated by dividing median tidal volume 
by median chest impedance variation and was then expressed in mL/
arbitrary units.
Results: Thirty-four patients were included, but only twenty-six had 
full EIT and ventilator data available. The median K-factor was 0.16 mL/
UA (IQR 0.14–0.23 mL/UA) (Fig. 1). After applicating a Pearson correla-
tion, factors associated with K-factor were height (r2 = 0.15, p = 0.04), 
weight (r2 = 0.50, p < 0.01), level of PEEP (r2 = 0.40, p < 0.01) and hema-
tocrit (r2 = 0.30, p < 0.01).
Conclusion: K-factor largely varies among patients and a single value 
cannot accurately estimate the tidal volume. K-factor was correlated 
with other variables than chest impedance variation alone.
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Reference 1: 1. Mauri T, Turrini C, Eronia N, et al. Physiologic Effects of 
High-Flow Nasal Cannula in Acute Hypoxemic Respiratory Failure. Am J 
Respir Crit Care Med. 2017;195(9):1207–1215.
Compliance with ethics regulations: Yes in clinical research.

Correlation between K-Factor and weight in 26 patients (K- factor median 
is represented with a red dash line).
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Rationale: Hypoxemia in SARS-CoV-2 pneumonia results from abnor-
mal ventilation/perfusion ratio related to blunted hypoxic vasocon-
striction. Almitrine is a selective pulmonary vasoconstrictor that has 
been reported to improve the oxygenation in mechanically ventilated 
patients with acute respiratory distress syndrome related to SARS-
CoV-2 pneumonia, but its effects in spontaneously breathing patients 
treated with high-flow nasal canula oxygen therapy (HFNO) as first-
line ventilatory support remain to be determined.
Patients and methods/Materials and methods: In this single-center, 
observational and physiological study, a bolus of Almitrine was admin-
istered (0.5  mg/kg over 30  min) as rescue therapy in spontaneously 
breathing patients with severe pneumonia related to SARS-CoV-2 
treated with HFNO and with persistent severe hypoxemia  (PaO2/FiO2 
ratio < 100 with  FiO2 > 80%) after awake prone positioning failure. Arte-
rial blood gases and transthoracic echocardiography were performed 
just before and after the Almitrine bolus. Almitrine responder was 
defined by an increase in  PaO2/FiO2 ratio > 20%, that was analyzed 
in light of thoracic CT-Scan patterns (acute fibrinous and organizing 
pneumonia (AFOP); diffuse alveolar damage (DAD); bi-basal depend-
ent areas of consolidation) obtained at hospital or ICU admission.
Results: Overall 62 patients were included (34% of female, 
60 ± 11  years old). No patient experienced right ventricular dysfunc-
tion or acute core pulmonale after Almitrine administration. Almi-
trine increased the  PaO2/FiO2 ratio from 68 (61–79) to 109 (85–156) 
(p < 0.001) and 46 (74%) patients were responders. Almitrine also 
decreased the  PaCO2 (33 vs. 31 mm Hg, p < 0.001) while the respiratory 
rate remained unchanged (27 vs. 28 cycles/min, p = 0.45). The CT-Scan 
patterns distribution was: AFOP in 36 (58%) patients, DAD in 20 (32%) 
patients, and bi-basal dependent areas of consolidation in 6 (10%) 
patients. The proportion of Almitrine responders was similar across the 

different CT-Scan patterns (75% for AFOP, 70% for DAD and 83% for 
bi-basal dependent areas of consolidation, respectively). The respond-
ers had a lower intubation rate (33 vs. 88%, p < 0.001) and shorter 
ICU length of stay (5(3–9) vs. 10(6–17), p < 0.01) than non-responder 
patients.
Conclusion: Almitrine iv administration as a rescue therapy in severe 
COVID-19 pneumonia under HFNO improved oxygenation in respond-
ers with a decreased rate of intubation rate. Patterns of the thoracic 
CT-Scan performed on hospital or ICU admission did not help to pre-
dict the response to Almitrine in terms of oxygenation. Further clinical 
trials are needed to confirm these results.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Inhaled Nitric Oxide (iNO) has been widely used all over 
the world during COVID19  pandemia1. Previous studies reported 
conflicting results on the effect of iNO on oxygenation improvement. 
The objective of this registry was to describe the use of iNO in a large 
cohort of Covid19 ARDS (CARDS) patients.
Patients and methods/Materials and methods: Multi-center, retro-
spective cohort registry conducted in 12 French hospitals during the 
first year of pandemia on CARDS patients treated with iNO. Patients’ 
characteristics, clinical respiratory support, nitric oxide therapy safety 
and efficacy parameters and patients’ clinical outcomes were col-
lected. iNO response was defined as  PaO2/FiO2 ratio improving by 
> = 20% after iNO initiation.
Results: From March to December 2020, 300 CARDS patients (22.3% 
female) were included in the registry. At ICU admission, their median 
(IQR) age, SAPS II, and SOFA scores were 66 (57–72) years, 37 (29–48), 
and 5 (3–8), respectively. Patients were still hypoxemic despite protec-
tive ventilation (in all patients) and prone positioning sessions (in 68%). 
At iNO initiation, 2%, 37%, and 61% patients had mild, moderate, and 
severe ARDS, respectively. Median (IQR) delay between iNO therapy 
initiation and ICU admission, ARDS diagnosis, and intubation were 7 
(3–12), 6 (2–11) and 4 (1–10) days respectively. The median duration 
of iNO was 2.8 (1.1–5.5) days with a median dosage of 10 (7–13) ppm 
at initiation. Responders were analyzed at different stages: 45.7% of 
patients were responders within 6  h following iNO initiation, 56.9% 
based on the best  PaO2/FiO2 ratio within 24 h after iNO initiation and 
70.3% patients had at least one response during iNO administration. 
The severity of ARDS is the only predictive factor associated with iNO 
response considering the best  PaO2/FiO2 ratio obtained within 24  h 
(Fig.  1). This arterial oxygenation improvement did not impact the 
patients’ outcomes (length of ICU/hospital stay, ventilation duration, 
mortality) in the global population. Regarding safety aspects, renal 
replacement therapy was initiated in 23.5% patients during iNO admin-
istration, and 60.5% patients presented a Kdigo score I, II and III within 
24 h following iNO initiation, without a formal causal link with iNO.
Conclusion: This registry confirmed the benefits of iNO for arterial 
oxygenation improvement in severe ARDS patients still hypoxemic 
after optimization of ventilation and prone positioning.
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Reference 1: Clinical characteristics and day-90 outcomes of 4244 
critically ill adults with COVID-19: a prospective cohort study Intensive 
Care Med. 2020 Oct 29: 1–14. https:// doi. org/ 10. 1007/ s00134- 020- 
06294-x PMCID: PMC7674575 PMID: 33211135.
Compliance with ethics regulations: Yes in clinical research.

Severity of ARDS at iNO initiation in iNo responders and non-responders. 
The distribution of ARDS severity between iNO responders and iNo non-
responders was compared using Fisher’s exact test.
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Predicting the outcome of patients with acute respiratory distress 
syndrome using a miniature transesophageal ultrasound probe
EDDERKAOUI  Mehdi1, POULY  Olivier1, GOUTAY  Julien1, BOUREL  Claire1, 
ONIMUS  Thierry1, FAVORY  Raphael1, DURAND  Arthur1, PREAU Sébastien1

1CHRU LILLE, Lille, France 
Correspondence: Mehdi EDDERKAOUI (mehdi-edderkaoui@hotmail.fr)
Annals of Intensive Care 2022, 12(1):FC-080

Rationale: The objective of the study was to test whether sequential 
monitoring of the superior vena cava (SVC), by allowing measurement 
of the superior vena cava collapsibility index (SVCci), could be a prog-
nostic marker in patients with acute respiratory distress syndrome 
(ARDS).
Patients and methods/Materials and methods: 50 patients admit-
ted to 5 intensive care units (ICU) with moderate to severe ARDS and 
receiving invasive mechanical ventilation for less than 24 h were pro-
spectively included. The minimum (inspiratory) and maximum (expira-
tory) telediastolic diameter of the SVC were monitored every 8 h using 
a miniature ClariTEETM transesophageal ultrasound probe (CLT0110-1, 
IMACOR, New York NY, USA) for up to 72  h after inclusion. The SVCci 
was calculated as follows: (maximum diameter − minimum diameter)/
maximum diameter. The primary outcome was 90-day mortality.
Results: In-hospital mortality censored at 28 and 90  days was of 
30% (n = 15) and 34% (n = 17), respectively. The median (interquar-
tile range) length of stay in the intensive care unit (ICU) was 14 days 
(8–23). The number of days alive without mechanical ventilation at 
28  days was 17 (0–23). The mean SVCci measured over the first 24  h 
after inclusion (SVCci-D1) was significantly higher in survivors com-
pared to non-survivors at 90  days: 0.23 (0.16–0.31) versus 0.17 (0.14 
0.21), p = 0.048. The mean SVCci measured over the first 72  h after 
inclusion (SVCci-D3) was significantly higher in survivors compared 
to non-survivors at 90  days: 0.22 (0.17–0.24) versus 0.17 (0.14–0.21), 
p = 0.028. A SVCci-D1 < 0.20 and a SVCci-D3 < 0.22 predicted 90-day 
mortality with areas under ROC curve (± standard error of the mean) 
of 0.692 (± 0.079) and 0.692 (± 0.078), sensitivities of 64% and 58%, 
and specificities of 71% and 88%, respectively.
Conclusion: The mean SVCci measured over the first days after ICU 
admission, appears to be a prognostic marker of 90-day mortality in 
patients with moderate to severe ARDS.

Compliance with ethics regulations: Yes in clinical research.
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Assessment of airway opening pressure with electrical impedance 
tomography in patients with acute respiratory distress syndrome
LOUIS  Bruno2, COUR  Martin1, ARGAUD  Laurent1, GUÉRIN  Claude1

1Hôpital Edouard Herriot Hospices Civils de Lyon, Lyon, France, France; 
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Annals of Intensive Care 2022, 12(1):FC-081

Rationale: Airway opening pressure (AOP) determined in patients 
with acute respiratory distress syndrome (ARDS) from the inspec-
tion of volume-pressure curve (1) should mean that lung ventilation 
increases once AOP is overcome. To address this issue, we compared 
AOP measured from both inspiratory volume-pressure curve and 
electrical impedance tomography (EIT) simultaneously recorded dur-
ing low flow inflation of the respiratory system. If AOP reflects a criti-
cal opening pressure it should correlated with AOP measured with EIT 
 (AOPEIT).
Patients and methods/Materials and methods: In this secondary 
analysis of a previous study (2) 10 ARDS patients were investigated at 
positive end-expiratory pressure of 5, 10 and 15 cm  H2O in the semi-
recumbent position under continuous sedation and paralysis. Airway 
pressure (Paw) and flow signals were measured at the proximal tip of 
the endotracheal tube and sent to MP 150 datalogger (Biopac Inc.). 
Pulmovista EIT device (Drager) was used to assess lung ventilation. 
The respiratory system was inflated at a 7  L/min constant flow infla-
tion delivered by the ventilator (Evita XL) and airway pressure, flow 
and EIT signals recorded simultaneously. AOP was defined as the pres-
sure where the volume delivered to the patient was 4 ml greater than 
the volume delivered to the occluded circuit (1).  AOPEIT was estimated 
during low insufflation from Paw-EIT-derived Volume curves fitted by 
a sigmoidal equation. When the lower inflexion point was below PEEP, 
 AOPEIT was considered equal to PEEP. The values of AOP and  AOPEIT 
were analysed by using the rho Spearman correlation coefficient and 
the Bland and Altman representation over 30 pairs. P < 0.05 was set as 
the statistically significant threshold.
Results: AOP and  AOPEIT were significantly correlated (Spearman 
rho = 0.73, P = 0.000005). The mean bias was 0.44  cm  H2O. In 96% 
(29/30) of the cases the differences observed between the two meth-
ods were less than 2 cm  H2O.
Conclusion: AOP and  AOPEIT are significantly correlated.
Reference 1: (1) Chen et al. AJRCCM 2018.
Reference 2: (2) Guérin et al. J Appl Physiol 2020.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Acute Respiratory Distress Syndrome (ARDS) is character-
ized by reduction of all lung volumes (in particular that of FRC), and 
a decrease in respiratory system compliance (Crs). Prone positioning 
which is recommended in severe ARDS allows a more uniform distri-
bution of the ventilation/perfusion ratios with alteration in Crs prop-
erties resulting in lung recruitment, FRC increase, and improvement 
of oxygenation and survival. The alveolar recruitment process is time-
dependent with uncertainty about the optimal daily prone duration. 
The aim of our study is to characterize the pattern of FRC increase 
(kinetic and magnitude) during the first 24 h following prone position-
ing in patients with Covid-19 related ARDS (C-ARDS).

https://doi.org/10.1007/s00134-020-06294-x
https://doi.org/10.1007/s00134-020-06294-x
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Patients and methods/Materials and methods: a prospective obser-
vational study conducted between January and October 2021, includ-
ing consecutive patients admitted to the ICU for severe C-ARDS  (PaO2/
FiO2 ≤ 150 mm Hg) and requiring tracheal intubation and mechanical 
ventilation. Patients were ventilated in supine position with a lung 
protective strategy (Vt ≤ 6  ml/kg of P BW, the highest PEEP level to 
obtain a plateau pressure ≤ 30  cm  H2O). Patients were systematically 
turned prone and FRC was measured immediately after prone posi-
tion and every 2 h during the first 24 h. The measurements were car-
ried out using the Nitrogen Wash-in Wash-out technique available on 
the CARESCAPE R860 respirator (General Electrics, Wisconsin, USA). 
The usual oxygenation  (SaO2/FiO2) and ventilatory mechanics (Csr, and 
strain) variables were also recorded.
Results: 20 patients (14 men, mean age: 65 ± 9  years,  PaO2/FiO2: 
105 ± 42, mean static compliance: 28.5 ± 5, mean PEEP: 14 ± 2) were 
included in the study.
Conclusion: Prone positioning evokes a rapid and progressive 
improvement in FRC and oxygenation. These effects are associated 
with improved strain on the lungs.
Compliance with ethics regulations: Yes in clinical research.

the FRC variation during the first 24 h following prone positioning
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Regional airway closure and patients positioning in acute 
hypoxemic respiratory failure
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DESPREZ  Christophe1, TAILLANTOU-CANDAU  Mathilde1, RICHARD 
Jean-Christophe1, MERCAT  Alain1, BELONCLE François1

1CHU Angers, Angers, France 
Correspondence: Bertrand PAVLOVSKY (bertrand.pavlovsky@gmail.com)
Annals of Intensive Care 2022, 12(1):FC-083

Rationale: Airway closure leading to an interruption of ventilation in 
the downstream alveoli may be associated with ventilation inhomoge-
neity and ventilation-induced lung injury. This phenomenon may be 
detected at the bedside by performing a low-flow insufflation pres-
sure–volume or pressure–time curve. Airway opening may vary across 
the lung. We aimed to study the regional distribution of airway open-
ing in semi-recumbent and strict supine position in a series of patients 
with acute hypoxemic respiratory failure (AHRF).
Patients and methods/Materials and methods: Twenty patients 
admitted to a Medical ICU and intubated for AHRF  (PaO2/FiO2 
ratio < 300 mm Hg) were enrolled within the 12 first hours after intu-
bation. Patients were ventilated in volume-controlled ventilation 
(tidal volume 6  mL.kg−1 predicted body weight PBW) and a positive 
end-expiratory pressure of 5  cm  H2O and positioned (1) in the semi-
recumbent position (head of bed at 30°) and (2) in the strict supine 
position (0°). Measurements of end-expiratory lung volume (EELV) 
using the nitrogen wash-out wash-in technique and reported to PBW, 

respiratory mechanics, gas distribution using electrical impedance 
tomography and a low-flow insufflation to detect airway closure were 
performed after 30  min in each position. One global (obtained with 
the volume changes measured by the ventilator at the airway open-
ing) and two regional (using regional impedance waveforms to esti-
mate the non-dependent and dependent real-time volume changes) 
pressure–volume curves were constructed offline using a dedicated 
software.
Results: Age was 63 [52–71].  PaO2/FiO2 ratio was 240 [140–287] mm 
Hg, and respiratory system compliance (CRS) was 52 [46–59] mL.cm 
 H2O−1. Twelve patients fulfilled acute respiratory distress syndrome 
(ARDS) criteria. An airway closure was detected on the airway pres-
sure–volume curve in 3 patients (15%). A regional airway closure was 
observed in the dependent regions in 6 patients (30%). No difference 
in  PaO2/FiO2 (240 [157–317] vs 227 [135–295], p > 0.999) nor CRS (51 
[41–57] vs 53 [47–61] mL.cm  H2O−1, p > 0.999) was observed between 
patients with or without regional airway closure. But EELV/PBW was 
lower in patients with regional airway closure (16 [15–17] vs 28 [23–
34] mL.kg−1 PBW, p < 0.001). Supine position was associated with a 
decrease in EELV/PBW (25 [18–33] vs 21 [16–34] mL.kg−1, p = 0.009) 
and an increase (albeit non-significant) in regional airway closure prev-
alence (45% vs 30%, p = 0.515).
Conclusion: In patients with AHRF, airway closure seems frequent in 
dependent regions, in particular in strict supine position.
Compliance with ethics regulations: Yes in clinical research.

Examples of airway closure patterns in three representative study patients. 
Left panel: partial airway closure; central panel: global airway closure, 
with differencial closure between the regions; right panel: absence of air-
way closure.
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Rationale: Acute exacerbations of chronic obstructive pulmonary dis-
ease (AECOPD) are a very frequent in intensive care unit (ICU). How-
ever, there are few data and conflicting results about corticosteroids 
therapy for critically ill patients with an AECOPD.
Patients and methods/Materials and methods: In this study, using 
data from the observational longitudinal cohort OutcomeRea™ data-
base, with 32 french ICU centres participating, we assessed the impact 
of corticosteroid therapy for patients in ICU for an AECOPD. The pre-
scription of corticosteroids therapy at admission was defined as a daily 
dose ≥ 0.5 mg/kg of prednisone during the first 24 h after admission 
in ICU. We assessed the effect of corticosteroids on a main composite 
criteria including death and invasive mechanical ventilation (IMV) at 
day 28 after admission in ICU using an inverse probability of treatment 
weight (IPTW) estimator. Secondary outcomes were: survival analyse 
at D-28 and D-90, NIV failure, length of stay in ICU and in hospital, 
duration of ventilation, consumption of antibiotics and adverse effects 
of corticosteroids.
Results: We included 1,247 patients of which 31,4% was treated by a 
corticosteroid therapy at admission. Corticosteroids administration at 
admission was significantly found as protector on the main compos-
ite outcome (RR = 0.693 [0.489; 0.98], p = 0.038). For the subgroup of 
patients with a very severe COPD, the protective effect of corticos-
teroid therapy on the primary composite outcome was not found 
(RR = 1,205 [0.577; 2.517], p = 0.6203). There was no significant impact 
of corticosteroids on failures of NIV, on lengths of stay in ICU and in 
hospital or on durations of ventilation. We did not observe statistical 
relation between the corticosteroid prescription at global prescription 
of antibiotics. However, corticosteroid therapy tended to be associ-
ated with longer duration of antibiotics treatment for patients in ICU 
at least 10 days (effect of corticosteroid therapy on antibiotic-free days 
at 10-day for the 395 patients with a length of stay in ICU ≥ 10 days: 
IRR = 0. 776 [0.597; 1.009], p = 0.059)). Nosocomial infectious had the 
same prevalence in the two groups of patients. But the maximum sys-
tolic blood pressure and the levels of urea was higher and the glyce-
mic disorders more frequent when patient received corticosteroids.
Conclusion: A corticosteroids administration at admission in ICU to 
patients with AECOPD had a protective effect on death or invasive 
mechanical ventilation at Day 28. Studies on doses to use or the profile 
of patients to treat are needed.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Sickle cell disease (SCD) is a life-threatening genetic disor-
der associated with many chronic and acute complications [1]. Oxy-
gen therapy is one of the cornerstones of management of patients 
with SCD admitted to the hospital. Recently, high flow nasal cannula 
(HFNC) oxygenation has emerged, and clinical practice guidelines 
have been released for the use of HFNC in the overall population [2]. 
But at this very time, no evidence has been reported of the use of 
HFNC in patients with SCD. The objective of this pilot study was to 
evaluate the efficacy and tolerance of HFNC in comparison of conven-
tional oxygen therapy via facial mask (FM) in adult patients with SCD 
admitted in ICU.
Patients and methods/Materials and methods: Consecutive adult 
patients with SCD (SS, SC, or SBeta thalassemia) admitted in ICU with 
clinical symptoms compatible with acute chest syndrome (ACS) were 
eligible. Early-stage ACS and management of all patients included was 
defined accordingly to the actual national French guidelines. Rand-
omization defined the initial oxygen therapy during a 4-session course 
of 5-h oxygen therapy with, alternately, HFNC  (FiO2 60%, flow rate 
60 L/min) and FM  (FiO2 60%, flow rate 15 L/min). Blood samples were 
analyzed at the beginning and end of each session. Comfort, dyspnea, 
and tolerance were assessed at multiple predefined times during the 

study. Accordingly, to the French law, written informed consent was 
obtained from all patients prior to enrollment.
Results: Seven patients were included and 24 sessions of oxygen ther-
apy have been completed. There was no significant difference in clini-
cal and biological variables between the beginning (H0) and the end 
(H5) of oxygen therapy session (Tab 1). Median  PaO2 throughout the 
session was higher with HFNC (49 [23, 85] mm Hg) compared to FM 
(18 [− 26, 30] mm Hg, p = 0.04). Incidence of episodes of desaturation 
was greater in HFNC vs FM (4 episodes (33%) vs 1 (8%) respectively, 
p = 0.04) without any episode of severe desaturation  (SpO2 < 90%). 
Comfort was statistically non different between the 2 techniques (9.4 
[7–10] under FM vs 8.3 [4.7–9.4] under HFNC, p = 0.31).
Discussion: In our study, HFNC was associated with a greater benefit 
in term of oxygenation compared to conventional oxygen therapy. 
Despite the limitations of this study, our results suggest a potential 
benefit of HFNC use, in term of oxygenation, in SCD patients with 
acute respiratory failure.
Conclusion: In adult patients with SCD admitted in ICU for acute res-
piratory failure, HFNC could be of interest to improve oxygenation, 
compared to conventional oxygen therapy.
Reference 1: 1. Yawn BP, Buchanan GR, Afenyi-Annan AN, et al.: Man-
agement of sickle cell disease: summary of the 2014 evidence-based 
report by expert panel members [published correction appears in 
JAMA 2014; 312(18):1932] [published correction appears in JAMA 2015 
Feb].
Reference 2: 4. Rochwerg B, Einav S, Chaudhuri D, et al.: The role for 
high flow nasal cannula as a respiratory support strategy in adults: A 
clinical practice guideline. Intensive Care Med 2020; 46(12):2226–2237.
Compliance with ethics regulations: Yes in clinical research.

Clinical and biological during oxygen therapy
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Rationale: Air pollution exposure is suspected to alter both the inci-
dence and mortality in acute respiratory distress syndrome (ARDS). 
The impact of chronic air pollutant exposure on the incidence and 
mortality of ARDS from various etiologies in Europe remains unknown. 
The main objective of this study was to evaluate the incidence of ARDS 
in a large European region, 90-day mortality being the main secondary 
outcome.
Patients and methods/Materials and methods: The study was 
undertaken in the Provence-Alpes-Cote-d’Azur (PACA) region. Nitro-
gen dioxide  (NO2), particulate matter (PM2.5 and PM10) and ozone 
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 (O3) were measured. The Programme de Médicalisation des Systèmes 
d’Information (PMSI), which captures all patient hospital stays in 
France, was used to identify adults coded as ARDS.
Results: From 2016 to 2018, 4,733 adults with ARDS treated in inten-
sive care units were analysed. The incidence rate ratios for 1-year 
average exposure to PM2.5 and PM10 were 1.207 ([95% confidence 
interval (95% CI), 1.145–1.390]; P < 0.01) and 1.168 (95% CI, 1.083–
1.259; P < 0.001), respectively. The same trend was observed for both 
2- and 3-year exposures, while only chronic 1- and 2-year exposure 
 NO2 exposures were related to a higher incidence of ARDS. Increased 
PM2.5 exposure was associated with a higher 90-day mortality for 
both 1- and 3-year exposures (OR 1.096 (95% CI, 1.001–1.201) and 
1.078 (95% CI, 1.009–1.152), respectively).  O3 was not associated with 
either of incidence or mortality.
Conclusion: Increased exposures to  NO2, PM2.5 and PM10 were asso-
ciated with an increased incidence of ARDS. Increased exposure to 
PM2.5 was also associated with increased 90-day ARDS mortality.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Sickle cell disease, a common genetic disease in France, is a 
haemoglobinopathy characterised by a β-globin abnormality and the 
production of haemoglobin S. Hyperalgesic vaso-occlusive crisis (VOC) 
and acute chest syndrome (ACS) are the main complications leading 
to intensive care units (ICU) admissions. Despite frequent hospitaliza-
tions in ICUs, there is heterogeneity in treatment and global manage-
ment due to a lack of ICU-specific guidelines. We aimed at gathering 
the medical practices of ICUs nationwide.
Patients and methods/Materials and methods: We carried out an 
online survey that was sent to medical teams of all ICUs of French hos-
pitals identified as expert centers in the Orphanet database (https:// 
www. orpha. net). Physicians from the same unit sent consensus 
answers to capture the usual care in their ICU, providing one survey 
answer per unit. The survey included sections related to: demogra-
phy; usual pain management, and three clinical situations (hyperalge-
sic VOC, VOC with chest pain, and ACS with chest pain, dyspnea and 
fever).
Results: Of 55 centers contacted, 29 (53%) answered the survey, 
including 18 (62%) university-hospitals, 10 (34.5%) general hospi-
tal centers and 1 (3.5%) private hospital. The median [IQR] number 
of ICU beds was 23 [18–28]. We grouped centers according to the 
annual number of admissions: 16 (55%) centers admitted less than 10 
patients with sickle cell disease per year. Pain management: nitrogen 
monoxide-oxygen mixture was used in 72% of centers. Nonsteroidal 
anti-inflammatory drugs were more likely used by centers admitting 
more than 10 patients per year, though not achieving statistically dif-
ference (61.5% vs 25%, p = 0.108). Oxygenation and physiotherapy: 
conventional oxygen therapy was decided regardless of the oxygen 
saturation in 52% for VOC and 55% in VOC associated with chest pain 
or ACS). Physiotherapy and incentive spirometry was systematically 
prescribed in 69% of the centers during a VOC, 82% in case of VOC 
with chest pain and 62% during ACS. Ventilatory support: according 
to physicians, non-invasive ventilation main benefit during ACS was 
the effect on alveolar recruitment and hypercapnia (90%), but patients’ 
tolerance seems to be its main limitation for 69%. High-flow nasal oxy-
gen (HFNO) was considered easy to use (86%) and well-tolerated by 
patients (83%), but to 76% of the responders, its efficacy during ACS 
needs to be proven by large studies.
Conclusion: Pain and respiratory management of patients with sickle 
cell disease acute complications seems to be heterogeneous amongst 

expert centers. Incentive spirometry to treat or prevent ACS needs to 
be generalized. Further studies evaluating the benefits of HFNO are 
needed.
Compliance with ethics regulations: Yes in clinical research.

Table 1: main management and respiratory devices effects according to 
the number of patients with sickle cell disease admitted per year.
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Rationale: Administration of systemic corticosteroid (SC) in acute 
exacerbations of chronic obstructive pulmonary diseases (AECOPD) 
patients requiring mechanical ventilation (VM) is controversial. There 
are biomarkers such as plasmatic eosinophilia (PE) that could predict a 
beneficial response to SC. The aim of our study was to assess whether 
a strategy of CS administration based on PE level was not inferior to 
the standard strategy consisting in systematic administration of CS 
regardless of the severity.
Patients and methods/Materials and methods: In a bi-centric, 
prospective, randomized, controlled, and single-blind trial con-
ducted between December 2018 and December 2020, eligible 
patients over 18  years of age, hospitalized for an AECOPD and 
requiring ventilatory support (n = 43) were included and ran-
domized to usual care (n = 25) or eosinophil-guided strategy 
(n = 18). The prescription of SC in the eosinophil-guided group was 
based on PE (1  mg/kg of prednisone if PE > 2%; no SC if PE ≤ 2%). 
The primary end- point was whether patients still needed MV in the 
sixth day or not.
Results: There was no between-group difference for demograph-
ics, COPD and acute episode characteristics. Regarding the pri-
mary end-point, there was no difference for the type of ventilation 
modality in the sixth day following the inclusion (Still on MV: 32% 
versus 39% in the standard group and the eosinophilic group, 
respectively). A difference of 7% that is less than the 10% which 
confirm the non-inferiority hypothesis. The relative risk to be still 
on MV by the 6th day was 1.2 (IC 95%: 0.54–2.7) p = 0.640, reaching 
the prior fixed non difference margin. Both study groups showed 
similar secondary outcomes: Treatment failure (p = 0.712), MV dura-
tion (p = 0.620), length of stay (p = 0.429) and mortality (p = 0.701). 
Hyperglycemic episodes due to SC occurred more frequently in the 
control group (6 cases versus 2) but no statistical significance was 
found (p = 0.434).
Conclusion: This preliminary study confirms the similarity between a 
CS sparing strategy based on PE count and the standard systematic 
administration of CS.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Cardiovascular diseases are frequent comorbidities in 
patients with COPD and are conditions with large use of beta-block-
ers (BB). We aimed to evaluate the influence of BB prescription on 
AECOPD outcome.
Patients and methods/Materials and methods: This is a single-centre 
retrospective study conducted in a 16-bed ICU of Fattouma-Bourguiba 
University-hospital. From January 2016 to June 2019, all consecutive 
patients admitted for an AECOPD and aged ≥ 18 years were included. 
Exclusion criteria were: AECOPD requiring specific treatment and una-
vailable long-term follow-up. Patients were divided on 2 groups: (BB+) 
previously receiving Beta-blockers or requiring Beta-blockers agents 
upon their admission and (BB-) who did not receive beta-blockers 
neither previously nor during ICU stay. Data were collected on socio-
demographic characteristics, past history and COPD GOLD stage, clini-
cal presentation and labs findings. Severity was assessed using SAPS II 
and ABG’s parameters. We also recorded details of ICU course. Follow-
up data included mortality at 6 months of ICU discharge and life quality 
assessment using the Clinical COPD Questionnaire (CCQ).
Results: 220 patients were included. Median age was 68 (IQR: 61–75), 
88.2% were male with a BMI at 26.12 (23.6–30.1). Main comorbidities 
were hypertension 83 (37.7%), chronic heart disease 60 (27.3%) and 
diabetes 40 (18.2%). Median SAPS II was 45 (40–53). Main exacerbation 
causes were acute left heart failure in 99 (45%) followed by tracheobro-
chitis 75 (34.1%). NIV was the first-line ventilatory treatment in 88.2% 
with a failure rate at 26.8%. Median LOS was 16 (IQR 10–27) days with 
a survival rate at 80.5%. 62 (28.2%) were assigned to BB+ group versus 
158 (71.8%) to BB-. Bisoprolol was the most used molecule (96.8%) with 
a median posology of 2.5(2.5–5) mg. 15 (24.2%) patients were previously 
receiving BB, indications for BB upon admission were hypertension 39 
(62.5%) followed by left heart failure and tachycardia. Comparing the 
two groups, no major differences in severity assessment, ventilatory 
management or NIV failure were found. BB+ were older [73 (65–78) ver-
sus 67 (60–73.5), p = 0.001] with higher BMI [27.7 (24.7–31.2) versus 24.9 
(22–30), p = 0.02] without difference in GOLD staging or long-term NIV 
requirement (p = 0.4). BB− had lower LOS 15(9.7–23) versus 20.5(12.7–
30.2) p = 0.004 with similar rates of ICU complications and mortality. 
Thus, 6  months mortality was significantly higher in BB- (34.2 versus 
17.7%, p = 0.016) [Fig.  1], and recurrence of AECOPD at one-year was 
lower in BB+ (43.5% versus 58.2%; p = 0.04). No significant difference in 
CCQ assessment was found (p = 0.2).
Conclusion: Despite similarities in ICU evolution, patients under beta-
blockers appears to have better log-term outcome after AECOPD. Fur-
ther studies might be needed to confirm this result.
Compliance with ethics regulations: Yes in clinical research.

Figure 1: Kaplan–Meier survival curves (6 month mortality) according to 
beta-blockers use status
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Rationale: Since second wave, High Flow Oxygen Therapy (HFOT) 
is a first line treatment for COVID-19 associated respiratory failure. 
However, patients treated with HFOT may be exposed for a long 
time to high Fractions of Inspired Oxygen  (FiO2), potentially lead-
ing to hyperoxic alveolar injuries. We aimed to determine whether 
intubating patients after HFOT failure was associated with a 
decrease in high  FiO2 exposure within the 24 first hours following 
intubation.
Patients and methods/Materials and methods: Among 218 
patients admitted for COVID-19 associated pneumonia in Medical 
Intensive Care Unit (ICU) at Besançon teaching hospital between 
October 2020 and October 2021, 27 treated with HFOT for more than 
24 h before intubation were retrospectively included. The number of 
hours exposed to  FiO2 > 60% and > 90% during the 24  h preceding 
intubation and the 24  h following intubation were calculated and 
compared.
Results: Most of the 27 patients were men, with a median age of 
71  years-old. Twenty-one patients performed awake prone posi-
tioning (PP) under HFOT. The median  PaO2/FiO2 was 79  mm Hg 
before intubation, and 193 mm Hg 24 h after protective ventilation 
using a median Positive End-Expiratory Pressure (PEEP) of 12  cm 
 H2O. The median dynamic compliance of the respiratory system 
was 40  mL/cm  H2O. All ventilated patients benefited from neuro-
muscular blockade and PP. Seven (26%) died in ICU. The median 
number of hours with  FiO2 > 60% decreased from 22,5 (Interquar-
tile range—IQR—[20,0; 24,0]) within the 24 h under HFOT preced-
ing intubation to 6,0 [4,0; 9,8] within the 24 h following intubation, 
corresponding to a median difference of −  15,0 [−  18,0; −  8,8], 
statistically significant (p < 0,001). The median number of hours 
with  FiO2 > 90% decreased from 3,0 [1,3; 15,5] to 2,0 [1,3; 3,0], cor-
responding to a median difference of − 2,0 [− 10,0; 0], statistically 
significant (p = 0,005).
Discussion: Intubation itself likely doesn’t explain the decrease in 
 FiO2. High PEEP, neuromuscular blockade, and prone positioning are 
confounding factors.  FiO2 is also dependent from the target of oxy-
genation set as a goal. To the best of our knowledge, this study is 
nevertheless the first caring about this pragmatic issue. Its main limita-
tions are a retrospective and monocentric design, and a small sample 
size.
Conclusion: In COVID-19 patients treated with high flow oxygen 
therapy > 24  h, intubation is associated with a statistically significant 
decrease in high  FiO2 exposure. Whether intubation could decrease 
hyperoxic alveolar injury need to be investigated.
Compliance with ethics regulations: Yes in clinical research.
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Evolution of the number of hours exposed to FiO2 > 60% during the 24 h 
preceding and the 24 h following intubation for each patient
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Rationale: We looked at a long-term external ventricular assist device 
(VAD), it’s a mechanical, pulsatile heart support system. It is indicated 
for patients with severe heart failure waiting for transplantation or 
recovery of their ventricular function. VAD imposes a stable and 
effective antithrombotic strategy. In pediatric resuscitation patients, 
inter- and intra-individual pharmacokinetic variability makes the use 
of these treatments with hemorrhagic and ischemic risks difficult. We 
conducted an evaluation of the professional practices of this strategy 
within the hospital’s pediatric resuscitation unit.
Patients and methods/Materials and methods: Our monocentric, 
retrospective study included a population of VAD-implanted patients 
from December 2017 to January 2020. Clinical data was collected from 
the computerized patient record. The prescriptions for anticoagulants 
and antithrombotics were followed on the shipboard prescription. The 
results of the aggregation tests and the anti-Xa assays were recorded 
on the laboratory software.
Results: Of the 36  months of the study: 5 middle-aged patients 
12 months (sd = 7.9) were implanted with a left mono VAD. 4 patients 
had dilated cardiomyopathy and one had cardiogenic shock. We had 
14 serious vascular incidents of which 4 were hemorrhagic and 10 
ischemic. The frequency of tests does not exclude accidents and 67% 
of them had clinical repercussions. Anti-Xa measurements were 53% 
(n = 352) in the targets, the arachidonic acid test was effective in 58% 
(n = 44) of cases and ineffective in 15%, the adenosine diphosphate 
test was effective in 22% (n = 17) and ineffective in 58%. Dosage re-
evaluations were proposed by the pharmacy when targets were not 
met. These results highlight the difficulty in obtaining and maintain-
ing target rates. Our study did not establish a correlation between the 
duration under VAD and the number of accidents. By studying the 
7  days before each accident, we found that even for patients previ-
ously anticoagulated and antiaggregated effectively, 71% of accidents 
are explained by a punctual but frank exit from the objective.
Conclusion: The number of accidents is not proportional to the fre-
quency of tests, nor to the duration of implantation and it is essential 

to be constantly in the targets. A study described a decrease in acci-
dents through the appointment of a referral physician to analyze the 
results on a daily basis and increased awareness of the care team. This 
allowed us to establish a sustainable strategy throughout the manage-
ment of the patient, the pharmaceutical team already participates in 
and that could be improved.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Levosimendan is used as a last resort in severe or decom-
pensated chronic heart failure. For pharmacoeconomic reasons its 
delivery in our center is subject to a prior agreement, which is why the 
problem of positioning of this molecule in the therapeutic arsenal of 
our establishment arises. We carried out a study within the pediatric 
cardiac resuscitation unit, the objective of which was to analyse the 
habits of the department and the prescription conditions as well as 
the profile and the outcome of patients who received a levosimendan 
cure.
Patients and methods/Materials and methods: This is a retrospec-
tive, monocentric study from January 2017 to June 2019. We analysed 
the service’s paper prescriptions thanks to the prescriptions and the 
computerized patient record, we recorded the cures, the prescription 
modalities, the length of hospitalization. We also sought to determine 
the clinical impact of the first cure via the serum level of nt-proBNP at 
D-1, D1 and D9 as well as the fate of patients at D30 and D60.
Results: 18 patients were included, the average age was 12.8 months, 
and the H/F ratio was 0.63. On the first cure: only 6 cures respected 
the good practices, 7 patients had dobutamine prescribed before the 
first cure. 11 patients received several cures (2.9 total cures on aver-
age). The average length of hospitalization was 72 days. The rate of nt-
proBNP decreased by an average of 49% between D-1 and D1 in 10 
patients, and increased by 203% in the remaining 8 patients. Between 
D1 and D9, this rate decreased by an average of 52% in 8 patients 
and increased by 178% in the remaining 9 patients. At D30 of the first 
treatment, 1 patient had returned home, 10 were hospitalized, 3 were 
hospitalized under circulatory assistance and 4 had died. At D60 of the 
first treatment, 4 patients were at home, 6 were hospitalized, 3 were 
hospitalized under circulatory assistance, 5 died. The efficacy of levo-
simendan is evaluated by the improvement of the ventricular ejection 
fraction, unfortunately this ultrasound parameter does not appear in 
the PDI for each patient and therefore could not be analyzed in our 
study.
Conclusion: Levosimendan brings a proven benefit in certain physio-
pathological terrains thanks to its singular mechanism of action. 
However, according to the literature, it is no more effective than dobu-
tamine. Given its cost, it would be fair to continue this multidiscipli-
nary work to redefine the place of this treatment in the therapeutic 
arsenal of our institution.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: This study aimed to investigate the characteristics and clin-
ical outcomes of children supported with prolonged ECMO (≥ 28 days) 
for severe acute respiratory failure or cardiac failure.
Patients and methods/Materials and methods: We conducted a 
retrospective study in our referral center for ECMO between 2009 and 
2020. All pediatric patients age from 28 days to 18 years-old supported 
with ECMO for ≥ 28  days were included. All neonatal indications for 
ECMO were excluded. We looked for pre-ECMO treatment such as 
mechanical ventilation settings, the use of prone positioning, nitric 
oxide, exogenous surfactant, neuromuscular blockers. We also gath-
ered the ventilation settings at day 1, 3, 7, 14 and 21, outcome criteria 
as the median duration of ECMO, the length of invasive mechanical 
ventilation, the length of intensive care stays and the survival rate fol-
lowing intensive care discharge and 6 months after ICU discharge.
Results: On the 223 patients treated by ECMO during the study 
period, 14 (7%) patients underwent an ECMO run longer than 28 days. 
Median ECMO run duration was 44  days (28–122). Patients requiring 
a long ECMO run were younger (574 vs 1079 days), had a significantly 
lower PaO2/FiO2 ratio (51 vs 62, p < 0.001) and higher mean airways 
pressure (22 vs 18, p: 0.03). A lower tidal volume at day 7 of ECMO was 
significantly associated with long run (2.3 vs 4.6, p: 0.02). Higher FiO2 
requirement on oxygenator and mechanical ventilator were signifi-
cantly associated with long-run ECMO at day 7 and 14. Patients having 
a long run were suffering from more bleeding and infectious compli-
cations. Half of the deaths for long run patients were related to pallia-
tive care. Survival rate was lower for patients having a long run.
Conclusion: Long run ECMO represent a minority of all case of ECMO. 
Ventilator parameters at day 7 of ECMO may help to identified theses 
runs. Early identification of early patients at risk of a long run could 
be useful to prevent bleeding complication and to prepare potential 
bridge to transplantation.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Cefepime is commonly used in pediatric intensive care 
units (PICU) while patients are subject to unpredictable variability in 
pharmacokinetic (PK) parameters leading to drug concentrations 
modification. This study aimed to build a population PK model for 
cefepime in critically ill children, to optimize and individualize initial 
dosing regimens.
Patients and methods/Materials and methods: Children 
(age > 1 month and < 18 years, weight > 3 kg) receiving cefepime were 
included. Cefepime total plasma concentrations were measured using 
high performance liquid chromatography. Data were modelled using 
Monolix software and Monte Carlo simulations were performed using 
a PK target of 100% fT > MIC.
Results: Fifty-nine patients with median (range) age of 13.5  months 
(1.1  month-17.6  years) and 129 cefepime concentrations were 
included in the analysis. Cefepime data were best fitted by a one-
compartment model and the selected covariates were body weight 
(BW) through allometric scaling and estimated glomerular filtration 
rate (eGFR) on clearance (CL). Mean population values for CL and vol-
ume (V) were 1.2 L.h−1 and 5.01 L, respectively. According to the sim-
ulations, 150  mg.kg−1.day−1 q6h over 3  h or in continuous infusions 
better achieved the PK target in case of normal or augmented renal 
clearance.
Conclusion: Extended and more frequent or continuous cefepime 
infusions are needed in critically ill children with normal or augmented 
renal clearance. Cefepime displays narrow therapeutic index and 
require therapeutic drug monitoring.

Compliance with ethics regulations: Yes in clinical research.
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Rationale: High variability in critically ill children receiving Continuous 
Renal Replacement Therapy (CRRT) increases the risk of inadequate 
concentrations. We aimed to develop a meropenem (MRP) and pipera-
cillin (PIP) population pharmacokinetic (PK) model in this population 
and simulate dosing regimens to optimize patient exposure.
Patients and methods/Materials and methods: MRP and PIP plasma 
concentration was quantified by high-performance liquid chromatog-
raphy. PK was investigated using a non-linear mixed-effect modeling 
approach. Monte Carlo simulations were performed to determine the 
most appropriate therapeutic dosing regimens.
Results: Respectively, for MRP and PIP, 27 patients with an age of 4 
[0–11] years old, weight of 16 [7–35] and 32 children with a median 
(IQR) postnatal age of 2  years (0–11), body weight (BW) of 15  kg 
(6–38), receiving continuous replacement renal therapy (CRRT) were 
included. For both MRP and PIP, concentration–time courses were best 
described by one-compartment model with first-order elimination 
with body weight (BW) and CRRT flow (Qd) for MRP and residual diu-
resis (Qu) for PIP as covariates explaining the lower between-subject 
variabilities on volume of distribution (V) and clearance (CL). For a 
70-kg subject patient i, the final equations were: -For MRP: CLi = (CLp
op × (BWi/70)0.75) × (Qd/1200)0.4), where CLpop and Vpop are 6 L/h 
and 35  L respectively. -For PIP: Vi = Vpop ×  (BW/70)1 and clearance 
(CL): CLi = (CLpop × (BWi/70)0.75) × (Qu/0.06)0.12), where CLpop and 
Vpop are 7  L/h and 53 L respectively. After Monte-Carlo simulations 
for MRP and PIP, we suggested dosing regimens for a target of 100% 
fT > 4xMIC in Fig. 1.
Conclusion: Optimal antibiotic exposure in critically ill children under 
CRRT needs an adaptation of the doses to CRRT flow rate for MRP and 
to residual diuresis for PIP.
Compliance with ethics regulations: Yes in clinical research.

Fig. 1 Dosing regimens suggestions for a target of 100% fT > 4xMIC.
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Rationale: Sepsis is the result of complex interactions between infec-
tious microorganisms and the host’s immune, inflammatory, and 
coagulant responses. The signs of sepsis constitute a continuum of 
increasing severity, ranging from the trivial association of tachycar-
dia, tachypnea and fever with hyper leukocytosis or leukopenia to the 
occurrence of circulatory abnormalities, then organ dysfunction, and 
finally a state of shock that responds more or less easily to vascular fill-
ing and vasopressors.
Patients and methods/Materials and methods: This is a descrip-
tive and analytical retrospective study spread over 5 years (January 1, 
2015–December 31, 2020) in the pediatric intensive care unit includ-
ing 47 cases. Statistical analysis is done using SPSS software.
Results: In this study, we report 47 cases of septic shock in severe 
trauma patients collected in the pediatric intensive care unit of the 
children’s hospital of CHU Ibn Rochd in Casablanca during the years 
2015–2020. The study was carried out according to an operating sheet 
including demographic, clinical, biological, radiological and thera-
peutic data, followed by statistical analysis using SPSS software 20. 
The average age is 75 months with a male predominance. The sites of 
infection were, in descending order, respiratory infection, bacteremia, 
urinary tract and skin. The germs mainly isolated were Acinetobacter 
baumanii, Pseudomonas aeruginosa, Staphylococcus aureus and Kleb-
siella spp. The evolution was fatal in 59.5% of cases. The prognostic fac-
tors retained were the delay of transfer to the intensive care unit > 4 h 
(p = 0.003), the presence of more than 2 failing organs (p = 0.004), the 
need for filling > 60 ml/kg (p = 0.02), the use of more than one active 
substance (p = 0.006), the use of adrenaline (p = 0.01) and the delay of 
antibiotic therapy > 1 h (p = 0.0006).
Conclusion: Identification of the deficiencies in the management of 
septic shock and the application of the recommendations of the survi-
vor sepsis campaign would improve the prognosis.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Veno-arterial (VA) Extracorporeal Membrane Oxygena-
tion (ECMO) is a standard rescue procedure for patient with refractory 
shock in Pediatric Intensive Care Unit (PICU). They are at high risk of 
nosocomial infection with potential severe consequences. Aim of 
study was to determine the frequency, timing and microbiological 
specificity of VA-ECMO-related infection.
Patients and methods/Materials and methods: Study period 
spanned from 01/2008 to 12/2014 with a retrospective charts review; 
inclusion criteriawere patients with a VA-ECMO support for > 6  h. It 
was approved by local Ethics Committee (CE 14–231), who waived the 
need for informed consent. We recorded the first PICU infection during 
VA-ECMO support. Infection was defined as a positive microbiological 
sample with clinical signs of infection or clinical signs of severe infec-
tion without positive sample. Time to infection, length of VA-ECMO 
support, PICU stay and risk factors for infection were evaluated.
Results: During study period 41 patients were included, with a mortal-
ity of 53%. Mean time with VA-ECMO was 5,6 d (SD 4,7), mean time in 
PICU was 17.3 d (SD 14,3) (Fig. 1, stratified by infection status). Overall, 
34% patients developed an infection, with an incidence of 60/1000 

VA-ECMO days. Mean time to first infection was 3.8 d (SD 1.7), with 
Pseudomonas spp. as the most commonly detected microorganism 
(42%). Infected sites were ventilator-associated pneumonia (9/14), 
sternotomy infection (2/14), bloodstream (2/14) and urinary tract 
infections (1/14). Only length of VA-ECMO support and length of PICU 
stay were associated with infection: longer VA-ECMO support (> 5 d) 
(OR 5.9 (CI 95% 1.4–24.6; p = 0.01) or longer PICU stay (> 14 d) (OR 12 
(95% CI 2.2–65.5; p = 0.004).
Discussion: In this monocentric study, we described the outcome and 
infectious complications in 41 patients with pediatric VA-ECMO. Our 
results underline the high proportion of infections in this population, 
its occurrence early during the VA-ECMO support period. We high-
lighted the association of the time with VA-ECMO support and PICU 
length of stay with the occurrence of infection. However, such find-
ings may be surrogate markers for sicker patients, who are intrinsically 
more at risk for nosocomial infections rather than a direct impact of 
duration of VA-ECMO support.
Conclusion: Pediatric patient with refractory shock supported by 
VA_ECMO are at high risk of nosocomial infection. Strategies aimed at 
preventing these infections may improve the outcome of these criti-
cally ill children.
Compliance with ethics regulations: Yes in clinical research.

Kaplan–Meier cumulative probability of survival during PICU stay for 
patient with veno-arterial exatracorporeal membrane oxygenation (VA-
ECMO), depending on infection status. Comparison of curve using log-
rank test found significant difference.
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Rationale: Evaluating preload to predict response to vascular filling 
(RVF) prompts the clinician to have criteria that predict the effective-
ness of vascular filling (VF). Changes in the time velocity integral (TVI) 
of aortic or subaortic blood flow and cardiac output (CO) measured by 
echocardiography, as well as the passive leg raise (PLR) test, are excel-
lent methods for predicting preload reserve. The objective of this work 
is to decrease hospital mortality (HM) and to improve survival, quality 
of RVF prediction and occurrence of incidents related to VF in patients 
with sepsis or septic shock and in spontaneous ventilation.
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Patients and methods/Materials and methods: Through a prospec-
tive randomized prognostic trial, comparing two methods of evalu-
ating the prediction of RVF, clinical and echocardiographic, of two 
groups of adult patients with sepsis or septic shock, in spontaneous 
ventilation and not previously infused. The clinical hemodynamic 
measurements collected before and after a 30 ml/kg of crystalloid fill-
ing test are: mean arterial pressure (MAP) and urine output (UO) in the 
control group (CG), as well as the TVI of the flow subaortic (TVIsa) and 
CO in the preload dependency group (PDG). In the PDG, TVIsa and CO 
measurements are also taken before and after PLR and VF.
Results: HM in responder patients is zero in sepsis and higher in sep-
tic shock and CG more than PDG (83,3% vs 72,7%). Survival is better 
in patients with PDG, in sepsis and in septic shock. RVF is significantly 
elevated in PDG compared to CG (92% vs 61,5%), and better in septic 
shock (77,3%) compared to sepsis (71,4%). There are more incidents in 
the GC compared to the GPD (19,2% vs 8%). The incidents are absent 
in sepsis and weak in septic shock (23,8% GC versus 8,7% GPD).
Discussion: Our study provided evidence in the acute phase of sepsis 
and septic shock in spontaneously ventilated patients, in predicting 
RVF and managing VF non-invasively and effectively by echocardi-
ography, as well as in improving HM in septic shock, survival and the 
occurrence of VF-induced incidents.
Conclusion: The non-invasive prediction of RVF, by TVIsa measured by 
echocardiography, makes it possible to identify responders and non-
responders in VF in real time, to test the hemodynamic efficiency of VF, 
to limit incidents related to overload during VF, to decrease mortality 
and to improve survival.
Reference 1: Rhodes A, et al. Surviving Sepsis Campaign: International 
Guidelines for Management of Sepsis and Septic Shock: 2016. Inten-
sive Care Med. 2017; 43(3):304–77.
Reference 2: Jozwiak M, Monnet X, Teboul JL. Implementing sepsis 
bundles. Ann Transl Med. 2016; 4(17):332.40.
Compliance with ethics regulations: Yes in clinical research.

Contribution of echocardiography in the evaluation of the response to 
vascular filling.
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Rationale: The subclavian vein (SCV) is the preferred site for central 
venous catheterization (CVC) in intensive care unit due to its ability 
to stay patent in hypovolemic situations and lower risk of infections. 
Difficulty in its ultrasonic visualisation with the infraclavicular (IC) 
approach is the reason why this approach has fallen out of favour. The 
ultrasound (US) guided supraclavicular (SC) approach seems to be a 
good alternative. The aim of this study was to compare the IC and the 
SC approaches in US-guided SCV catheterization.
Patients and methods/Materials and methods: This was a prospec-
tive randomized study (NCT04637347). We included adult patients 
requiring a CVC in the superior vena cava area. Patients with infection 
at puncture site, coagulopathy, contralateral pneumothorax, trauma 
of clavicle and distorted anatomy of the neck were excluded from the 
study. Patients were randomly divided into two groups: US-guided SCV 
catheterization using either SC approach (SCGr) or IC approach (ICGr). 
We used long-axis scanning in combination with in-plane technique 
for all catheterizations. The primary outcome was the first attempt suc-
cess rate. Overall success rate, venous scanning time, number of punc-
tures, number of redirections, puncture time, guidewire insertion time, 
overall catheterization time, incidence of difficulties in catheterization 
and mechanical complications were secondary outcomes.
Results: We included 110 patients in this study: 55 in the SCGr and 55 
in the ICGr. First attempt success rate was significantly higher in SCGr 
compared to ICGr (81.8% versus 63.6%; p < 10–3). The overall success 
rate was significantly higher in SCGr compared to ICGr (96.4% versus 
85.5%; p < 10–3). Venous scanning time was significantly longer in the 
ICGr compared to the SCGr (21.7 ± 15.6 s versus 15.35 ± 8.9 s; p < 10–3). 
The number of punctures was significantly lesser in the SCGr com-
pared to the ICGr (1.2 ± 0.5 versus 46 ± 0.7; p < 10–3). Regarding the 
number of redirections, the puncture time and the guidewire insertion 
time, no significant difference was observed between the two groups. 
The overall catheterization time was significantly shorter in SCGr com-
pared to ICGr (63.13 ± 31.7 s versus 76.34 ± 33.6 s; p < 10–3). The rate of 
mechanical complications were higher in the ICGr without significant 
difference (14% versus 5%; p = 0.065). No cases of pneumothorax or 
malposition were observed in the SCGr however we observed three 
cases of pneumothorax and two cases of malposition in the ICGr. The 
incidence of arterial punctures and hematoma formation were compa-
rable between the two groups.
Conclusion: US-guided in-plane catheterization of SCV using SC 
approach is safe and seems to be a good alternative to the classic IC 
approach.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Transcranial Doppler (DTC) is a specific monitoring of cer-
ebral hemodynamics in the brain-damaged, allowing the evaluation of 
cerebral blood flow. Purpose of the study: Evaluate the DTC learning 
curve, because the acquisition of a medical technical gesture is part of 
a quality approach in the training of junior doctors.
Patients and methods/Materials and methods: The study included 
ten residents, it took place in three phases, -The first phase: The par-
ticipating doctors benefited from a theoretical presentation on DTP 
followed by a practical demonstration lasting three hours. -A second 
phase: Over a period of three weeks consisted for the junior doctors, 
a phase in which between 25 to 35 DTCs were carried out. The evalu-
ation by the referent was carried out at each DTC in order to detect 
any anomalies. -The third phase: Follows the previous phase, it consists 
of performing ten DTCs by each candidate in order to complete their 
learning curve. The data for each exam was collected by the candi-
date. The candidate also provides the results of his DTC as well as that 
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carried out by the referent. This examination concerns the search for 
the right and left middle cerebral artery with the values of the systolic 
(Vs), average (Vm) and diastolic (Vd) velocities, the value of the pulsa-
tility index (IP) and the duration of each examination.
Results: The failure rate of completing the DTC was higher in the first 
and second attempts by our ten learners, which ranged from 60 to 
80%, the success and failure rates were similar in the third and fourth 
trials. From the fifth attempts the success rates are higher than those 
of failures which vary from 20 to 30%. The comparison of the mean 
values of Vs, Vm, Vd and IP of the candidates compared to those of 
the referent made it possible to conclude that there is no significant 
difference between the results obtained. The comparison of the time 
taken to perform the DTC by the candidates compared to the referring 
doctor revealed the presence of a significant difference in the results 
obtained (P < 0.001).
Conclusion: The DTC is an easy technique, quick to learn, but an evalu-
ation of the sustainability of the acquisition of this technique by the 
learners is essential.
Compliance with ethics regulations: N/A.
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Rationale: To assess the effectiveness of a single standardized train-
ing on the ability of intensive care registered nurses (RN) to recognize 
the misplacement of endotracheal and nasogastric tubes on bedside 
chest radiographs of intensive care unit (ICU) patients.
Patients and methods/Materials and methods: In 8 French ICUs, 
RNs received a 110-min standardized teaching on the position of 
endotracheal and nasogastric tubes on chest radiographs. Their 
knowledge was evaluated within the subsequent weeks. On 20 chest 
radiographs, each with an endotracheal and a nasogastric tube, they 
had to indicate whether each tube was in proper or incorrect position. 
A lower bound of the 95% confidence interval (95%CI) of the mean 
correct response rate (CRR) was chosen to indicate the training success 
when > 90%. Residents of the participating ICUs were subjected to the 
same evaluation (without prior specific training).
Results: One hundred eighty-one RNs were trained and evaluated, 
and 110 residents evaluated. The mean CRR in RNs was 84.6% (95%CI: 
83.3–85.9), significantly higher than in residents (81.4% [95%CI: 
79.7–83.2]) (P = 0.003 by t test). Linear mixed modelling handling the 
centers as random effect variable confirmed the significant difference 
(P < 0.0001) in CRR between RNs and residents as shown in Fig. 1. For 
misplaced nasogastric tubes, the mean CCR in RNs was 95.9% (95% CI: 
93.9–98.0). Age, sex, seniority, delay between training and evaluation 
(for RNs) and period of evaluation within the semester of internship 
(for residents) did not significantly impact (all P > 0.05) on the mean 
CRR, either in the whole set of participants or in RNs and residents 
taken separately.

Conclusion: The ability of trained RNs to detect tube misplacement 
was higher than that observed among residents and was consid-
ered satisfactory for detecting misplaced nasogastric tubes. This is 
encouraging but insufficient to ensure patients safety. Transferring 
responsibility for reading radiographs to detect the misplacement of 
endotracheal tubes to intensive care RNs will need a more advanced 
or more in-depth teaching method than that used in this study.
Compliance with ethics regulations: N/A.

Titre: Mean percentage of correct responses by type of tube and by posi-
tion (correct or incorrect)
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Rationale: Medication errors are a major public health issue. As part of 
the project of dematerialization of the patient record in our intensive 
care units, the computerization of the medical prescription and the 
securing of the administration of the drug were among our objectives. 
In order to secure the drug circuit and reduce the drug errors, many 
scientific societies recommend the use of injectable drug delivery 
devices connected to the computerized medical record, called “smart-
pumps”. The main objective of the study was to compare 2 ranges of 
smart-pumps available in France. The secondary objective was the 
involvement of the paramedical teams in the choice of their future 
work tools.
Patients and methods/Materials and methods: We carried out a 
prospective monocentric, comparative, interventional study, without 
human involvement of the ranges proposed by B.Braun and a second 
company between September the 23rd and October, the 15th of 2019, 
in adult, pediatric and neonatal intensive care units of the Caen uni-
versity hospital. This assessment was coupled with a satisfaction sur-
vey. All staff nurses received a training in the use of the equipment. 
Subsequently, the nurses trained on the 2 ranges proceeded to the 
successive evaluation of these throughout two scenarios of applica-
tion of medical prescriptions. The order in which each nurse evaluated 
the 2 ranges was randomized. The main criterion of judgement was 



Page 93 of 167Annals of Intensive Care  2022, 12(Suppl 1):54

the overall satisfaction of nursing staff with the use of the devices. The 
secondary criteria concerned the handling of materials and consum-
ables as well as navigation in drug libraries and the duration of each 
scenario, timed by a project member.
Results: 77 agents (25% of the nurses concerned) were trained, 54 of 
whom evaluated the two ranges. The fulfilment of the medical pre-
scription and the installation of the tubing in the pump was consid-
ered longer with the range proposed by B.Braun. No other significant 
difference was observed. However, 56% of nurses advised the range 
proposed by B.Braun which appeared safer, more ergonomic and less 
bulky.
Conclusion: To our knowledge, no such study has ever been pub-
lished. Without observing major differences in use between the two 
companies, this comparison process allowed us to determine the 
equipment that seemed to best meet the expectations of the para-
medical teams. Moreover, by involving and following the teams in the 
choice of their work equipment we hope to have strengthened the 
adherence of the teams to the change of practice induced by the use 
of smart pumps.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Studies have shown that medication errors are common in 
intensive care units. The drug management of pediatric and neonatal 
populations is particularly at risk of iatrogenia due to the pathophysi-
ological characteristics of these populations, the lack of suitable phar-
maceutical forms and based on weak agreements. In addition, the 
clinical situations of these patients are serious and often require com-
plex therapeutic strategies. Securing drug prescriptions is critical in 
these situations. The objective of this study was to measure the influ-
ence of the presence of the clinical pharmacist in the clinical depart-
ment on the safety of drug prescriptions.
Patients and methods/Materials and methods: We conducted 
an observational study, before/after a pharmacist was involved in a 
30-bed critical care unit. The analysis and daily pharmaceutical valida-
tion of prescriptions were performed from the pharmacy on the first 
part of the study (before). The issuance of Pharmaceutical Interven-
tions (PI) was conducted by telephone and plotted on the printed pre-
scription. For the second part (after), the pharmaceutical validation of 
the prescriptions was carried out in the service and the PI transmitted 
orally to the prescribers in person and plotted in the same way. The 
main criterion for evaluating the securing of prescriptions was the 
number of PI issued. We also characterized the nature of the PI, the 
consensus achieved orally, and the achievement of the prescription 
change suggested by the PI.
Results: We have 351 PI out of 126 days before, these PI mainly con-
cerned overdoses (52%), route and/or inappropriate administration 
(17%) and non-conformities to the repository (10.8%). 179 children 
were affected by these IP. We found 1120 IP over 287  days, these IP 
mainly concerned monitoring (27.8%), overdoses (21.8%) and under 
dosing (10.1%). 300 children were affected by these IP.
We observed an increase in the number of IP performed per day (2.8 
vs 3.9), the average number of IP per patient (2 vs 3.7). An increase in 
the number of IP accepted (267 vs 756; p = 0.036) and the number of 
implementations (183 vs 629; p < 0.001) was highlighted.
Conclusion: The presence of the pharmacist in the clinical depart-
ment increased the number and relevance of PI performed. The nature 
of PI has evolved with a more patient-centred orientation. Acceptance 
and achievement rates are better, the percentage of PI achieved is 
higher, and these results show that PI are both better monitored and 

better monitored. Risk reduction is best with pharmaceutical expertise 
through the presence of a clinical pharmacist in the care unit.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: A stay in an intensive care unit (ICU) and the transitions of 
care are known to be at risk of drug-related problems (DRPs). These 
problems may contribute to readmissions and development of post-
intensive care syndrome. The objective of this monocenter prospec-
tive study was to describe the prevalence of specific DRPs in patient’s 
post-ICU drug treatments.
Patients and methods/Materials and methods: Adults with an ICU 
stay ≥ 7  days between 16th November 2021 and 25th January 2022 
were included if they were enrolled in our post-ICU follow-up pro-
gram. A pharmacist conducted a full medication review including 
medication reconciliation. This review was planned in general ward, 
during the week following ICU discharge. The pharmacist identified 
potential DRPs that were classified using the Pharmaceutical Care 
Network Europe Classification for Drug-Related Problems. Tailored 
interventions were also delivered to general wards clinicians based on 
identified DRPs.
Results: We included 29 patients (72.4% men, age 59 [33–76] years, 
ICU stay 19 [7–95] days). Drug treatments were reviewed 5 [2–9] days 
after ICU discharge. A total of 148 DRPs were identified: 27/29 patients 
(93.1%) experienced at least 1 DRP and a median of 5 [0–12] DRPs 
were observed per patient. Most DRPs referred to (potential) adverse 
drug events (86/148, 58.1%), (potential) non-optimal effect of drug 
treatment (26/148, 17.6%) and unnecessary drug-treatment (26/148, 
17.6%). The main cause of DRPs was related to drug selection (80/160, 
50.0%) comprising absence of indication, inappropriate drug accord-
ing to guidelines and inappropriate combination of drugs. Other 
causes of DRPs included prolonged duration of treatment (36/160, 
22.5%), inappropriate dose or dosage regimen (23/160, 14.4%) and 
medication reconciliation problem (7/160, 4.4%). Drugs involved in 
DRPs belonged mainly to the nervous system group, the alimentary 
tract and metabolism group, and the cardiovascular system group. The 
most common drugs implied were tramadol and pantoprazole. Based 
on identified DRPs, 147 pharmacist interventions were discussed with 
the clinicians. Withdrawal of a drug was the predominant intervention 
(75/147, 51.0%) followed by provision of information about the DRP, 
dosage regimen modification, dose change, initiation or resumption 
of a drug and drug switch. 74.2% of all interventions were accepted by 
the clinicians.
Conclusion: DRPs were common after ICU discharge. Drugs of the 
nervous system group and proton pump inhibitors probably require 
sustained attention. Future research should evaluate the impact of 
pharmaceutical interventions on mid-term outcomes of ICU survivors.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: High contagiousness of SARS-COV-2 is caused by bioaero-
sols’  emission1. The risk of healthcare providers (HCPs) developing 
infectious diseases through contact with patients is well recognized, 
and clinical situations involving tissue manipulation with high viral 
load called “aerosol-generating procedures” (AGP) may increase this 
 risk2. The aim of this study was to investigate the impact of the aerosol 
protection box, the Splash-Guard Caregivers (SGGC), on the presence 
of viral particles after an AGP.
Patients and methods/Materials and methods: Prospective obser-
vational study conducted between April and June 2020, including 
the HCPs in charge of children admitted to a Pediatric Intensive Care 
Unit who tested positive for COVID-19. SGCG (https:// rsr- qc. ca/ Splas 
hguard- cg/) was not used systematically and room patients analyzed 
were divided in: SGCG+ and SGCP−. Virus detection was performed in 
the single room patient’s environment using two methods (air pumps 
and swabs) on several sites: 1) on the air one meter from the patient’s 
head (wearable pumps), 2) inside the SGGC from the patient’s air (if 
used), also 3) on the air near each HCPs (wearable pumps), and 4) at 
each HCPs forehead (swab) after an AGP. Samples were analyzed for 
SARS-COV-2 RNA by qPCR.
Results: Eight batches of samples were performed in the single room 
of SARS-COV-2 + child (SGCG+ n = 3 and SGCG− n = 5). Five samples 
(11.4%) were qPCR positive for SARS-COV-2 among the 44 analyses. 
Three of these (14.3%) among the 21 analyses from the group SGCG−: 
in the air before the AGP (n = 1), in the air near HCP’s head after the 
AGP (n = 1), and in the HCP forehead swab after the AGP (n = 1). In the 
group SGCG+, 2 positive samples (8.7%) were observed among the 
23 analyses in the HCP forehead swab (n = 1) and in the air near HCP’s 
head (n = 1), both after an AGP (see Supplementary Table). None of 
the HCPs studied were infected by SARS-COV2.
Conclusion: Our results document the presence of SARS-COV2 in 
infected children environment. The protection effect of SGCG needs 
additional research.
Reference 1: van Doremalen N et al.: Aerosol and Surface Stability of 
SARS-CoV-2 as Compared with SARS-CoV-1. N Engl J Med 2020.
Reference 2: Nguyen LH et  al.: Risk of COVID-19 among front-line 
health-care workers and the general community: a prospective cohort 
study. Lancet Public Heal 2020.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Necrotizing soft tissue infections (NSTI) are life-threatening 
bacterial infections and often requires admission to intensive care unit 
(ICU). Severity and specificities of this pathology, such as micro-organ-
isms involved, rhabdomyolysis and nephrotoxic drugs used, could lead 
to a higher incidence of acute kidney injury (AKI) than in other sepsis 
conditions. Our objectives were to describe the clinical and biological 
characteristics of NSTI related AKI and to compare its frequency to a 
cohort of non-NSTI septic shock.
Patients and methods/Materials and methods: We conducted a 
single-center retrospective comparative study of patients with NSTI 
admitted in ICU between 2006 and 2021. Patients < 18  years old, 
patients with end-stage renal disease requiring dialysis and patients 
with nosocomial NSTI acquired after 7  days of hospitalization were 
excluded. Clinical, biological characteristics and outcomes of NSTI 
patients with AKI were compared to NSTI patients without AKI. A 
matching analysis of NSTI patients to a historical cohort of patients 
with septic shock non related to NSTI and admitted in ICU between 
2010 and 2013 was performed.
Results: Overall, 77 patients with NSTI were included. Clinical and 
biological characteristics are described in Table 1. 65 patients (84,4%) 
developed AKI and 29 (44,6%) displayed stage 3 KDIGO with fourteen 
patients (21,5%) needed renal replacement therapy (RRT). Time from 
ICU admission to AKI onset was 1 (0–2) days. Shock at ICU admission 
was independently associated with AKI (OR = 6.2 [1.3–44.0], p = 0.045). 
Initiation of antibiotic therapy before ICU admission (OR = 0.05 [0.0–
0.6], p = 0.045) and Enterobacteriaceae infections (OR = 0.17 [0.0–0.7], 
p = 0.02) were associated with a lower risk of AKI. Rhabdomyolysis 
was not associated with AKI. Total ICU length of stay and mortality 
were slightly higher for patient with AKI but not statistically differ-
ent. 45 patients with septic shock non related to NSTI were matched 
to 45 NSTI patients. The rate of AKI (95,6% vs 84,4%, p = 0,16) and the 
need for RRT (31,1% vs 26,7%, p = 0,64) were not statistically different 
between the two groups.
Conclusion: AKI is common in patients with NSTI but is not signifi-
cantly associated with outcome. Risk factors for AKI in patients with 
NSTI are shock at ICU admission and late initiation of antibiotherapy, 
however NSTI is not a risk factor of AKI compared to other etiology of 
septic shock.
Compliance with ethics regulations: Yes in clinical research.
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Characteristics and outcome of NSTI patients with and without AKI
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Rationale: Cardio-renal syndromes (CRS) type 1 and 2 are complex 
disorders in which cardiac dysfunction leads to kidney dysfunction. 
However, the mechanisms remain incompletely explained, in particu-
lar in right heart failure (RHF). Our objective was to develop an origi-
nal preclinical model of CRS secondary to RHF associated with post 
embolic pulmonary hypertension (PH) in piglets.
Patients and methods/Materials and methods: Twelve 2-month-
old large white piglets were randomized: group with induction of 
PH by ligation of the left pulmonary artery followed by weekly itera-
tive embolization (soft tissue adhesive) of the right lower pulmonary 
artery, or SHAM control group (sham interventions) (Fig. 1). The sacri-
fice is made after 5 embolizations. We performed hemodynamic evalu-
ation (right cardiac catheterization), echocardiography, laboratory 

blood, and urine tests. Histological evaluation and immunostaining 
of renal damage and repair were fulfilled. Measured glomerular filtra-
tion rate (GFR) procedures by injection of an exogenous tracer were 
repeated weekly.
Results: At sacrifice, mean pulmonary artery pressure (mPAP), pul-
monary vascular resistance (PVR) and central venous pressure (CVP) 
were significantly higher in the PH group: 32 ± 10 vs 13 ± 2  mmHg 
(p = 0.001); 9.3 ± 4.7 vs 2.5 ± 0.4  mmHg (p = 0.004) and 10 ± 4 vs 
6 ± 2  mmHg (p = 0.04) while the cardiac index (CI) was not different. 
Piglets with PH had right ventricular dysfunction and higher troponin 
I (302 [53–3054] vs 33 [17–47] ng/mL; p = 0.03). PH piglets showed 
increased histological marker of kidney injury (acute tubular necrosis-
ATN-) and repair (proliferation assessed by Ki67). Albuminuria was 
increased (4.4 ± 0.6 vs. 2.9 ± 0.4  mg/L; p < 0.001) while serum creati-
nine (SCr) and uremia were not significantly different between the 
two groups. Unlike the estimated GFR, the measured GFR decreases 
from the 3rd week of the protocol. We reported a correlation between 
PH parameters and kidney function: mPAP (R2 = 0.4, p = 0.03), PVR 
(R2 = 0.50, p = 0.01) and CVP (R2 = 0.37; p = 0.04), but not with CI.
Conclusion: We reported the first porcine model of SCR on RHF sec-
ondary to PH. Renal dysfunction was characterized by ATN, increased 
albuminuria, and low measured GFR. The GFR estimated from SCr did 
not informed on renal dysfunction in these young piglets, unlike the 
measured GFR.
Compliance with ethics regulations: Yes in animal testing.

Figure 1. Study protocol of pulmonary hypertension induction. D: day; E: 
embolization; mGFR: measured glomerular filtration rate; LPA: left pulmo-
nary artery; PH: pulmonary hypertension; RHC: right heart catheteriza-
tion; TTE: transthoracic echocardiography.
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Rationale: COVID-19 pandemic represents a major public concern 
worldwide. Acute respiratory distress syndrome (ARDS) and lung fail-
ure are the main lung diseases found in COVID-19 patients. In ARDS 
patients, positive fluid balance can be associated with prolonged 
mechanical ventilation, more intensive care unit (ICU) complications, 
and higher mortality. Objective: The aim of this study was to evalu-
ate the effect of fluid balance on morbidity and mortality in COVID-19 
patients admitted to the ICU.
Patients and methods/Materials and methods: We conducted a 
retrospective observational study from March 2020 to October 2021 
in a Medical ICU. Data concerning daily fluid balance, cumulative 
fluid balance at day 7,  PaO2/FiO2 (P/F) ratio and outcomes of Critically 
Ill COVID-19 patients were obtained from medical records. The acute 
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kidney injury (AKI) severity was classified according to the Kidney Dis-
ease Improving Global Outcomes guidelines. The study sample was 
divided into 2 groups according to fluid balance. Different outcomes 
(length of stay, invasive mechanical ventilation, acute kidney injury 
and death) were compared between the 2 groups.
Results: During the study period, 442 critically ill COVID-19 patients 
were admitted to our ICU. Positive fluid balance was found in 46% of 
patients (n = 207), and negative fluid balance was found in 53% of 
cases (n = 235), with a mean of 2271 ± 2285  ml and -2144 ± 2369  ml 
respectively. The mean cumulative fluid intake at day 7 was 
− 76 ± 3206 ml. Patients with positive fluid balance had a higher inci-
dence of AKI (58.9%, n = 122) versus (37%, n = 87) (p < 0.001), of capil-
lary leak (39%, n = 80) versus (27.8%, n = 63) (p = 0.013) and a higher 
mortality (54.4%, n = 112) versus (43.8%, n = 102) (p = 0.027). Mean 
length of stay was the same for the 2 groups (10.16 ± 6.15 days versus 
9.99 ± 6.68 days, p = 0.79). The majority (50.6%, n = 118) required inva-
sive mechanical ventilation (p = 0.11). P/F improved from 132 ± 77 on 
day 1 to 197 ± 90 on day 7 in negative fluid balance group (p < 10–3). 
Mean P/F was stable from day 1 and day 7 in positive fluid balance 
group (123 ± 55 and 129 ± 51 respectively, p = 0.36). Mean fluid bal-
ance at day 7 was significantly less for survivors than non survivors 
(− 505 ± 3364 ml and 413 ± 2961 ml respectively, p = 0.002).
Conclusion: Our study showed that patients with excessive fluid bal-
ance had more ICU complications and higher hospital mortality. There-
fore, restrictive fluid strategies should be used to improve oxygenation 
and reduce mortality among COVID-19 patients.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Acute kidney injury (AKI) is a frequent complication in 
intensive care units (ICU). The mortality remains high due to the aging 
of the affected population, the multiplicity of causes generating it, the 
association with other visceral failures and the frequent evolution in a 
septic context. The aim of this study is to study the different epidemio-
logical and therapeutic aspects of AKI and try to determine the predic-
tive factors of mortality in our population.
Patients and methods/Materials and methods: a descriptive and 
analytical cross-sectional study, which focused on 151 records of 
patients admitted to the ICU, who presented an AKI on admission or 
developed it during hospitalization. This study is spread over a period 
of 24 months, from 01/2019 to 12/2020.
Results: The incidence of AKI in our series was 17.32%. The aver-
age age of the patients was 49 ± 18 years with a male predominance 
(sex ratio M/F 2.14). The most common risk factors were: injection of 
contrast (77.9%), mechanical ventilation (67.8%), use of vasopressors 
(64.2%), nephrotoxic drugs (58%), diabetes (23.3%) and arterial hyper-
tension (19.2%). The time of appearance of AKI was 2 ± 3 days. KDIGO 
stage 3 was predominant in our patients with a percentage of 53.6% 
followed by stage 1 (23.8%), and lastly stage 2 with a percentage of 
22.5%. Dialysis was used in 18% of the patients. The mortality rate 
in our series was 62.33% and the factors found to have a significant 
relationship with death were: age, mechanical ventilation, use of vaso-
pressors, multivisceral failure and septic shock.
Conclusion: A better knowledge of the risk and prognostic factors of 
AKI could be a major asset for a more effective management.

Reference 1: John R. Prowle, Christopher J. Kirwan and Rinaldo Bel-
lomo. Fluid management for the prevention and attenuation of acute 
kidney injury. Nat. Rev. Nephrol. 10, 37–47 (2014):11. https:// doi. org/ 
10. 1038/ nrneph. 2013. 232.
Reference 2: Gaudry S, Ricard J-D, Leclaire C, Rafat C, Messika J, Bedet 
A, et al. Acute kidney injury in critical care: Experience of a conserva-
tive strategy. J Crit Care. déc 2014;29(6):1022–7.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The intensity and duration of the catabolic phase in COVID-
19 patients might differ between survivors and no survivors. The 
purpose of the study was to assess the association between nitro-
gen balance (NBAL) trajectories and outcome in critical ill COVID-19 
patients.
Patients and methods/Materials and methods: This retrospective 
study was conducted in intensive care at Clermont Ferrand University 
Hospital, France. From January 2020 to May 2021. The present study 
was approved by the Ethics Committee of Clermont Ferrand. Patients 
over 18  years old with a severe COVID-19 disease were eligible. 
Patients were excluded if they were referred from another ICU, if their 
ICU length of stay was < 72 h, and if they were treated by renal replace-
ment therapy during the first seven days after ICU admission. The pri-
mary objective was to compare the profile of NBAL during the first 
two weeks after ICU admission between the patients with ICU death 
and the other patients. All data were prospectively collected and com-
prised details on ICU admission and during ICU stay. Vital status was 
collected at day 60. NBAL was estimated as proposed by Dickerson 
et all (Ref 1). Statistical analysis Comparisons between the evolution of 
NBAL depending on outcome was achieved using 2 level ANOVA. At 
day 3, 5 and 7, to represent the relationship between NBAL and pro-
tein intake, linear and non nonlinear models were achieved and the 
protein intakes necessary to reach a zero NBAL were determined. Sub-
group analyses were achieved according to BMI, age, gender.
Results: 99 patients were included in the study. Their character-
istics are reported in Table  1. On day 3, a negative similar NBAL was 
observed in survivors and non survivors: -16.4 g/d [− 26.5; − 3.3] and 
−  17.3  g/d [−  22.2; −  3.8] (p = 0.54). Then, the trajectories of NBAL 
over time differ between survivors and non survivors (p = 0.01). In sur-
vivors, NBAL increased over time (Patients with a net protein catabo-
lism: 73.9% at day 3 versus 45.5% at day 14) whereas in non survivors, 
NBAL decreased from day 2 to day 6, and thereafter increased slowly 
up to day 14 (Patients with a net protein catabolism: 73.3% at day 3 vs 
78.9% at day 14). Administrating higher protein amounts were associ-
ated with higher NBALs.
Conclusion: We reported a prolonged catabolic state in COVID 
patients which seemed more pronounced in non survivors than in sur-
vivors. Our study underlined the need for monitoring urinary nitrogen 
excretion to guide protein intakes in COVID-19 patients.
Reference 1: Dickerson, Nutrition, 2005.
Compliance with ethics regulations: Yes in clinical research.
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Characteristic and comparisons of ICU COVID-19 patients between survi-
vors and no survivors
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Management of renal replacement therapy in adults French 
intensive care units: a survey practices at the bedside (READIAL)
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Rationale: In France, recommendations for renal replacement ther-
apy (RRT) in the intensive care unit (ICU) were published in 2015 and 
their uptake was recently assessed in a nationwide self-report online 
 survey1. We performed an evaluation of real-life practices in the field in 
terms of RRT in a representative sample of ICUs across France.
Patients and methods/Materials and methods: The READIAL study 
was performed from 1 July to 5 October 2021. It was an evaluation of 
professional practices, and each centre was required to prospectively 
include 5 consecutive patients. Patients who required initiation of 
a first RRT using a hemodialysis catheter were eligible for inclusion. 
Patients with chronic renal failure requiring RRT through a tunneled 
catheter or an arterio-venous fistula were excluded.
Results: A total of 67 centres (83% of those contacted) agreed to par-
ticipate, and included a total of 295 analysable patients (8 patients 
were erroneously included and therefore excluded from analysis). We 
found divergences between previously declared practices1 and actual 
practice observed in this study. The main indications for initiation of 
RRT are detailed in Fig.  1 (left panel), and the main sites of insertion 
of the first hemodialysis catheter are shown in Fig. 1 (right panel). The 
vast majority of centres used citrate, unfractionated heparin or NaCl as 
a catheter lock solution (47%, 24% and 21% respectively).
Conclusion: In this evaluation of professional practices that collected 
data at the bedside, the modalities of initiation of RRT in the ICU in 
patients with acute kidney failure were found to be globally in line 
with guidelines and literature data. The results should be interpreted 
in light of the limitations inherent to this type of study.
Reference 1: Quenot JP, Amrouche I, Lefrant JY, et  al. Blood Purifica-
tion 2021;4:1–10.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Systemic sclerosis (SSc) heart involvement account for 30% 
of SSc patient’s deaths.
Patients and methods/Materials and methods: We retrospectively 
studied patients with previous diagnosis of SSc admitted to the ICU for 
acute cardiac dysfunction between 2012 and mid-2021.
Results: Nine female patients were included, mainly with diffuse SSc 
(n = 7, 78%). Six (67%) had digital ulcers. All but one patient com-
plained about physical cardiac symptoms (n = 8, 89%), 5 (56%) had 
electrocardiogram modifications. Biological exams revealed elevated 
troponin (705  µg/l [421–1582]) and Nt-pro-BNP (16,062  ng/l [10419–
40738]). Patients exhibited severe left ventricular ejection fraction 
(LVEF) impairment (20% [10–20] vs 58% [53–60] before ICU admission 
(p = 0.0002)) requiring vasopressors and/or inotropes for 7 patients 
(78%) and mechanical ventilation or renal replacement therapy for 4 
patients (44%). LVEF spontaneously improved during ICU stay (LVEF 
40% [30–40] vs 20% [10–20], p = 0.0007) and returned to baseline 
within 6  months following ICU discharge (LVEF 53% [40–63] vs 58% 
[53–60]) (Fig.  1). Seven (78%) patients survived the ICU-stay and 4 
(44%) were alive at 6 months.
Conclusion: We report an uncommon and specific severe acute life-
threatening cardiac dysfunction in SSc patients, which can be revers-
ible but remains associated with a poor long-term prognosis.
Compliance with ethics regulations: N/A.

Figure 1. Evolution of left ventricular ejection fraction (%): at baseline, at 
ICU admission and discharge and within 6 months post-ICU discharge in 
ICU-survivors. *p < 0.05.
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Rationale: Septic cardiomyopathy (SCM) is characterized by a transient 
biventricular dysfunction with reduced contractility. Left ventricular 
(LV) ejection fraction (LVEF) is the conventional method to determine 
LV systolic function in septic shock, but is unhelpful to predict mortal-
ity. In contrast, the longitudinal strain (LVLS) might aid in early diagno-
sis of SCM, and was strongly associated with mortality. In this study, 
we developed an echocardiographic algorithm, using simple bedside 
parameters, to predict LVEF and LVLS in patients with septic shock.
Patients and methods/Materials and methods: We included all con-
secutive patients admitted with septic shock (defined in accordance 
with the Sepsis-2 criteria) or developing a septic shock during the ICU 
stay. We measured septal and lateral mitral annular plane systolic excur-
sion (MAPSE), septal and lateral mitral S-wave velocity, and the left 
ventricular longitudinal wall fractional shortening (LV-LWFS). We used 
a conditional inference tree method to build a stratification algorithm; 
recursive partitioning was used to stratify the population of interest into 
subgroups. The best predictor and the corresponding optimal cutoff 
value were calculated. Bonferroni correction for multiple testing was 
applied to univariate p values. The tree-building process continued as 
long as a predictor led to significantly different child nodes.
Results: We included 71 patients (males: 59%; mean ± SD age: 
61 ± 15 years). We found that 31% and 73% had an impaired LV sys-
tolic function assessed by LVEF and LVLS, respectively. The septal 
MAPSE, with a threshold of 1.2 cm, was the best parameter to pre-
dict the LV systolic function (Fig.  1). Other parameter (such as the 
S-wave or LV-LWFS) did not allow improving the algorithm’s perfor-
mance. Septal MAPSE ≥ 1.2 cm predicted normal LVEF with near cer-
tainty. Conversely, septal MAPSE < 1.2  cm almost always predicted 
impaired LVLS, while almost half patients remained with preserved 
LVEF.
Discussion: Septal MAPSE, used as the main parameter to predict LV 
systolic function, has several advantages. First, it only requires a simple 
M-mode measurement, available in all ultrasound devices including 
handheld machines. Second, MAPSE is easily recorded even in patients 
with poor acoustic window (including obese patients) because of the 
high echogenicity of the atrioventricular plane. Third, its reproducibil-
ity is excellent even in inexperienced users, and require only minimal 
training.
Conclusion: Septal MAPSE, easily measurable at bedside and with 
good reproducibility, might be useful to support clinicians in early 
detection of SCM, especially when strain is not available or feasible.
Compliance with ethics regulations: Yes in clinical research.

Proposed algorithm for predicting LV systolic function
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Rationale: Global Longitudinal Strain (GLS) is more sensitive than left 
ventricular ejection fraction (LVEF) to detect impaired contractility dur-
ing septic cardiomyopathy. However, its evolution over time has been 
poorly described. Moreover, the clinical importance of an impaired 
GLS is unclear. In particular, the haemodynamic consequences of an 
impaired GLS per se have never been reported.
Patients and methods/Materials and methods: In 61 adult patients 
with septic shock, we performed transthoracic echocardiography to 
measure LVEF and GLS with speckle tracking within the first 24 h (day-
0), at day-1, day-3 and on the day when vasopressors were stopped. 
Simultaneously, central venous oxygen saturation  (ScvO2), blood lac-
tate and cardiac index (PiCCO2 device) were assessed.
Results: Eleven patients were excluded for poor echogenicity or prone 
positioning at the time of inclusion. The prevalence of a low LVEF (< 45%) 
was 36% at day-0, 39% at day-1, 38% at day-3 and 14% on the day of 
vasopressors weaning. At these time points, systolic arterial pressure was 
118 [109; 127], 121 [116; 133], 123 [114; 132] and 130 [120; 134] mmHg, 
respectively. The prevalence of an impaired GLS (> − 16%) was 70% at day-
0, 72% at day-1, 75% at day-3 and 58% at vasopressors weaning. Pooling 
all time points, GLS was correlated with blood lactate (rho = 0.369, 95% 
confidence interval: [0.213;0.506], p < 0.0001), and  ScvO2 (rho = − 0.293 
[− 0.457; − 0.110], p < 0.0021). At each measurement time, we classi-
fied the cardiac status into three groups: normal LVEF and normal GLS 
 (LVEFn-GLSn, n = 40), normal LVEF and impaired GLS  (LVEFn-GLSimpaired 
n = 52) and low LVEF and impaired GLS  (LVEFlow-GLSimpaired, n = 36). Com-
pared to the  LVEFn-GLSn group, the  LVEFn-GLSimpaired group exhibited 
a lower cardiac index (2.6 [2.3;3.1] vs. 3.1 [2.6;3.9]  L/min/m2, p = 0.03), a 
higher lactate level (1.7 [1.3;2.3] vs. 1.4 [1.0;2.1] mmol/L, p = 0.04) and 
lower ScvO2 (67 [63;74] vs. 72 [67;78]%, p = 0.02). In the  LVEFlow-GLSimpaired 
group, cardiac index was lower (2.4 [2.2;2.8] vs. 2.6 [2.3;3.1]  L/min/m2, 
p = 0.03), lactate higher (2.8 [2.0;3.8] vs. 1.7 [1.3;2.3] mmol/L, p = 0.01) than 
in the  LVEFn-GLSimpaired group and  ScvO2 was not significantly different (69 
[57;74] vs. 67 [63;74]%, p = 0.76) (Fig. 1).
Conclusion: During septic cardiomyopathy, GLS remains impaired 
in a large proportion of patients when vasopressors are stopped. An 
impaired GLS is associated with lower cardiac index and poorer tissue 
oxygenation irrespectively of the value of LVEF. This suggests that an 
impaired GLS has clinical meaning per se. The study is ongoing.
Compliance with ethics regulations: Yes in clinical research.

Comparison of markers of tissue oxygenation between cardiac status 
subgroups
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Rationale: To determine the prognostic impact of maximum norepi-
nephrine dosage received in the first 24 h following admission to the 
intensive care unit, regardless of indication, and to determine factors 
associated with in-ICU and in-hospital mortality.
Patients and methods/Materials and methods: All patients receiv-
ing norepinephrine in the first 24 h after admission to our University 
Hospital intensive care unit between January 1, 2015 and January 1, 
2020 were included, retrospectively. We collected for each patient the 
maximum dosage of norepinephrine and all diagnostic, clinical and 
biological parameters of interest. Univariate and multivariate inferen-
tial statistical analysis was performed.
Results: We included 2009 patients, mean age 66 years, 40% of whom 
were women, and presenting with septic shock in 53% (n = 1073). 
Mean SAPS II reached 59 ± 19 points. Mechanical ventilation and renal 
replacement therapy were required in 77% and 23%, respectively. 
Intra-ICU and intra-hospital mortality were 32% and 39%, respec-
tively. The median maximum norepinephrine dosage received during 
the first 24 h was 0.4 µg/kg/min (IQR 0.2–0.85). A significant increase 
in mortality was observed in uni- and multivariate analysis in patients 
who received more than 0.85  µg/kg/min of norepinephrine corre-
sponding to the 3rd quartile distribution of maximum norepineph-
rine dosage, (in-ICU mortality 62%, p < 0.001). Among patients who 
received more than 0.85 µg/kg/min norepinephrine, defined as refrac-
tory shock, decreasing kinetics of lactate and norepinephrine dosage 
at 24 h were found to be highly significantly and independently asso-
ciated with patient survival (in-ICU mortality 43%). On the other hand, 
the need for extrarenal purification or the use of adrenaline were inde-
pendently associated with excess mortality in this group.
Conclusion: In our study, the threshold of 0.85 µg/kg/min is an inde-
pendent marker of mortality in patients admitted to the ICU and could 
be considered to define refractory shock, regardless of diagnosis. How-
ever, when dosages higher than this threshold are used, lactate level 
and norepinephrine doses rapid decrease are strongly associated with 
a better prognosis. These findings need to be confirmed by further 
work in other patient populations before being used in clinical practice.
Compliance with ethics regulations: Yes in clinical research.

Survival in patients with refractory shock according to kinetics of lactate 
level and norepinephrine dosage at 24 h
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Prehospital norepinephrine administration reduces 30‑day 
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Rationale: Despite differences in time of sepsis recognition, recent 
studies support that early initiation of norepinephrine in patients 
with septic shock (SS) improves outcome without adverse effects 
increase. This study aims to investigate the relationship between 
30-day mortality in patients with SS and prehospital norepineph-
rine infusion in order to reach a mean blood pressure (MAP) at 
65 mmHg at the end of the prehospital stage.
Patients and methods/Materials and methods: From April 06th, 
2016 to December 31st, 2020, patients with SS requiring prehospi-
tal Mobile Intensive Care Unit intervention (MICU) were retrospec-
tively analysed. To consider cofounders, propensity score method 
was used to assess the relationship between prehospital norepi-
nephrine administration in order to reach a MAP at 65  mmHg at 
the end of the prehospital stage and 30-day mortality.
Results: Four hundred seventy-eight patients were retrospec-
tively analysed, among which 309 patients (65%) were male. 
The mean age was 69 ± 15  years. Pulmonary, digestive, and 
urinary infections were suspected among 44%, 24% and 17% 
patients, respectively. One third of patients (n = 143) received 
prehospital norepinephrine administration with a median dose 
of 1.0 [0.5–2.0] mg.h−1, among which 84 (69%) were alive and 
38 (31%) deceased on day 30 after hospital-admission. 30-day 
overall mortality was 30%. Cox regression analysis after propen-
sity score showed a significant association between prehospital 
norepinephrine administration and 30-day mortality: adjusted 
hazard ratio of 0.42 [0.25–0.70], p < 10−3. Multivariate logistic 
regression of IPTW retrieved a significant decrease of 30-day 
mortality among prehospital norepinephrine group: ORa = 0.75 
[0.70–0.79], p < 10−3.
Conclusion: In this study, we report that prehospital norepineph-
rine infusion in order to reach a MAP at 65  mmHg at the end of 
the prehospital stage is associated with a decrease in 30-day 
mortality in patients with SS cared for by a MICU in the prehos-
pital setting. Further prospective studies are needed to confirm 
that very early norepinephrine infusion allows to decrease septic 
shock mortality.
Compliance with ethics regulations: Yes in clinical research.
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Kaplan Meier curves for 30-days survival between patients with pre-
hospital norepinephrine administration and those without prehospital 
norepinephrine administration
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patients: preliminary results of an observational study
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Rationale: Impairment of vascular reactivity is one of the characteris-
tics of septic shock and is associated with a poor outcome in critically 
ill patients. It can be assessed by the resaturation slope of the muscu-
lar tissue oxygen saturation after a transient vascular occlusion (TVO). 
Another means for assessing vascular reactivity might be to observe 
the time of the increase in radial arterial pressure after a TVO at the 
arm level.
Patients and methods/Materials and methods: Mechanically ven-
tilated patients hospitalized in intensive care unit and equipped with 
a radial artery catheter were prospectively included. A brachial cuff 
was rapidly inflated to induce a transient arterial stop-flow. Arterial 
pressure thus decreased down to the level of mean systemic pressure 
 (Pmsarm). After 60 s of TVO, the cuff was abruptly deflated and time to 
return from  Pmsarm to baseline systolic arterial pressure was measured 
 (Trevasc).
Results: We included 41 patients, among whom 19 (46%) where in 
shock, including 13 (32%) septic shock, 10 (24%) had acute respira-
tory distress syndrome and 9 (22%) were intubated for neurological 
impairment. Norepinephrine was infused in 25 (61%) patients (0.3 
[0.17–1.10] μg/kg/min). Measurements were obtained 3 (2–6) days 
after onset of mechanical ventilation or vasopressors infusion. Mean 
arterial pressure was 84 ± 12 mmHg,  Pmsarm was 29 ± 9 mmHg, central 
venous pressure was 12 ± 4 mmHg and the  (Pmsarm-CVP) gradient was 
16 ± 8  mmHg, with no difference between patients with or without 

shock. In the whole population,  Trevasc was 26 (20–33) sec. It was sig-
nificantly increased in patients with shock compared to those without 
shock (33 ± 18 vs. 23 ± 10 s., respectively, p = 0.028). Among patients 
with shock,  Trevasc was longer in patients with septic shock than in 
the other ones (33 (28–44) vs. 16 (9–30) sec., respectively, p = 0.048). 
 Trevasc was significantly increased in the 21 (51%) patients who died 
(11 patients with shock) compared to survivors (33 ± 19 vs. 23 ± 10 s., 
respectively, p = 0.037).
Conclusion: In critically ill patients under mechanical ventilation, 
 Trevasc was increased in patients with shock compared to patients with-
out shock, especially in septic shock patients.  Trevasc was also higher in 
non-survivors. This new variable might indicate vasoreactivity at bed-
side and, as such, be associated with severity and mortality. More data 
are needed to confirm these preliminary results and inclusions are 
ongoing.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Vitamin C has potential protective effects through antioxi-
dant and anti-inflammatory properties. However, the effect of vitamin 
C supplementation on microvascular function and peripheral tissue 
perfusion in human sepsis remains unknown. We aimed to determine 
vitamin C effect on microvascular endothelial dysfunction and periph-
eral tissue perfusion in septic shock patients.
Patients and methods/Materials and methods: Patients with sep-
tic shock were prospectively included after initial resuscitation. Bed-
side peripheral tissue perfusion and skin microvascular reactivity in 
response to acetylcholine iontophoresis in the forearm area were 
measured before and 1 h after intravenous vitamin C supplementation 
(40 mg/kg). Norepinephrine dose was not modified during the studied 
period.
Results: We included 30 patients with septic shock. SOFA score was 11 
[8–14], SAPS II was 66 [54–79], and in-hospital mortality was 33%. Half 
of these patients had vitamin C deficiency at inclusion. Vitamin C sup-
plementation strongly improved microvascular reactivity (AUC 2263 
[430–4246] vs 5362 [1744–10585] UI, p = 0.0004). In addition, vitamin 
C supplementation improved mottling score (p = 0.06), finger-tip 
(p = 0.0003) and knee capillary refill time (3.7 [2.6–5.5] vs 2.9 [1.9–4.7] 
s, p < 0.0001), as well as and central-to-periphery temperature gradi-
ent (6.1 [4.9–7.4] vs 4.6 [3.4–7.0] °C, p < 0.0001). The beneficial effects 
of vitamin C were observed both in patients with or without vitamin 
C deficiency.
Conclusion: In septic shock patients being resuscitated, vitamin C 
supplementation improved peripheral tissue perfusion and microvas-
cular reactivity whatever plasma levels of vitamin C.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Responsiveness to norepinephrine (NE) dose change in 
terms of mean arterial pressure (MAP) change is highly variable among 
patients with acute circulatory failure. This preliminary study aimed to 
investigate the factors influencing the pharmacodynamic effect of NE 
on MAP in critically ill patients.
Patients and methods/Materials and methods: This monocentric, 
observational, prospective study was conducted in patients with acute 
circulatory failure requiring NE and invasive arterial pressure monitor-
ing. To characterize the responsiveness of MAP to NE change, the max-
imal amplitude of MAP change over the amplitude of change in the NE 
(deltaMAPmax/deltaNE) was calculated.
Results: From January to July 2021, 29 patients presenting 86 occur-
rences of change in the NE dose, including 55 dose-increases and 31 
dose-decreases, were included. The most common origin of shock was 
sepsis in 59 (69%) cases, followed by hypovolemic/hemorrhagic shock 
in 16 (18%) cases and non-septic vasoplegia in 11 (13%) cases. Septic 
shock was characterized by significantly lower baseline values of MAP 
(66 [58–86] vs. 82 [71–103] mmHg) and of diastolic arterial pressure 
(50 [44–64] vs. 64 [55–78] mmHg) and by a larger amplitude of the 
change in NE dose (0.08 [0.05–0.12] vs. 0.04 [0.03–0.06]  µg/kg/min). 
DeltaMAPmax/deltaNE was significantly lower in septic shock than 
in hypovolemic/hemorrhagic shock or non-septic vasoplegia (315 
[161–590] vs. 575 [401–776] vs. 446 [336–1119]  mmHg/µg/kg/min, 
respectively, p = 0.03). At multiple linear regression analysis, preexist-
ing hypertension, body temperature at the study time and shock etiol-
ogy were associated with deltaMAPmax/deltaNE (p = 0.002). In septic 
shock patients, body temperature and C-reactive protein levels inde-
pendently influenced deltaMAPmax/deltaNE (p = 0.003).
Conclusion: Septic shock is characterized by lower vascular reactiv-
ity compared to other shock etiologies and MAP responsiveness to NE 
change is not identical to other types of distributive shocks. The results 
of this ongoing study will be entered in a model of artificial intelli-
gence with the aim of adapting the dose of NE required to reach an 
individualized target level of MAP.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: During the SARS-CoV-2 pandemic, the first wave over-
whelmed hospitals in Paris area (Ile-de-France) with a variable impact 
depending on the territory. Several studies highlighted variable ICU 
mortality rates during COVID-19 surges across territories (10 to 60%) 
with higher rates in those most affected by  poverty1,2. We assessed the 
impact of precariousness, as an independent risk factor, on mortality 
linked to Covid-19 between ICUs at Delafontaine hospital, Saint-Denis, 
and Ambroise Paré hospital, Boulogne-Billancourt, two Paris suburbs.
Patients and methods/Materials and methods: We carry out a ret-
rospective observational cohort study of consecutive ICU patients 
aged ≥ 18 years admitted at Delafontaine and Ambroise Paré hospitals 
during the first wave of the Covid-19 outbreak in order to compare 
mortality rates according to predefined risk factors (age, diabetes, 
arterial hypertension, BMI, active solid or haematological cancer, IGS2, 
poverty rate at the threshold of 60% (%) according to the island 
grouped for statistical information (IRIS)37 of the patient, invasive ven-
tilation or not) that include precariousness.
Results: We found a difference for mortality in the two groups 
(p = 0,033) and with the univariate analysis the poverty rate was a 
risk factor for mortality at 90 days (p = 0,04). But we could not find a 

statistical relation between deprivation and mortality at 90  days in 
Covid-19 in intensive care in multivariate analysis.
Conclusion: Despite lake of significative statistical relationship 
between precariousness and covid-19 mortality in intensive care, it 
seems we could find correlation between importance of precarious-
ness and mortality. We should realise a prospective study with more 
important population to find a relationship between deprivation and 
mortality at Covid-19 in intensive care.
Reference 1: 1. Quenot, Jean-Pierre et  al. “Influence of deprivation 
on initial severity and prognosis of patients admitted to the ICU: the 
prospective, multicentre, observational IVOIRE cohort study.” Annals of 
intensive care vol. 10,1 20. 11 Feb. 2020, doi:10.1186/s.
Reference 2: 2. Rahi, Mayda et  al. “Sociodemographic charac-
teristics and transmission risk factors in patients hospitalized for 
COVID-19 before and during the lockdown in France.” BMC infec-
tious diseases vol. 21,1 812. 13 Aug. 2021, https:// doi. org/ 10. 1186/ 
s12879- 021- 06419-7
Compliance with ethics regulations: Yes in clinical research.

Forrest plot for relationship between mortality at 90 days et risk factors in 
multivariate analysis
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Rationale: Our general tertiary hospital had to face an unprecedented 
wave of respiratory distress in early 2020 that quickly overwhelmed its 
40 ICU beds. The aim of this study was to report on ICU admission pro-
cess and in-flow management at time of Covid-19 outbreak.
Patients and methods/Materials and methods: We conducted a ret-
rospective analysis of every consecutive patient requiring the advice 
of the intensivist team between March 2 and May 1, 2020 from a call 
register filled prospectively on daily basis.
Results: Local ICU capacities have more than doubled (92 beds) 
thanks to the deprogramming of the scheduled surgical activity and 
the deployment of a military mobile hospital. Medical ICU physician 
on duty centralized all calls for Covid-19 admission. Priority was given 
to patient requiring immediate intubation. The others were placed on 
a waiting list according to their severity and expected prognosis based 
on their comorbidities, their frailty and their age until a ventilator was 
available. At the peak, 46 patients required the advice of the intensiv-
ist daily. A total of 591 patients were proposed for ICU admission. 75% 
had acute respiratory distress due to severe Covid-19, other were med-
ical (14%) and surgical (11%) non covid related situations. ICU admis-
sion was decided for 370 patients. Mean age was 62 years (± 12), 69% 
were male. The most serious patients and those with contraindications 
to transfer were kept in local ICU (154 patients). 244 patients were 
transferred to France, Germany, Switzerland, and Luxembourg rep-
resenting more than one third of all French transfers of the Covid-19 
first wave. The patients managed in standard ward were older (mean 

https://doi.org/10.1186/s12879-021-06419-7
https://doi.org/10.1186/s12879-021-06419-7
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age: 69 years (± 12)) and had more significant cardiovascular diseases 
(12,7% vs 5%), malignant tumors (10,5% vs 3,1%) and hematological 
diseases (8,2% vs 4,7%).
Conclusion: In  situation of high tension on ICU capacities, priority 
must be given to increasing resources and optimizing means. The 
establishment of triage rules respecting the ethical principles of equal-
ity, beneficence, and transparency guarantees equitable access to 
intensive care and maximization of the number of lives saved.
Compliance with ethics regulations: Yes in clinical research.

FC‑122 
Evaluation of communication training in paediatric intensive care
DUCERT  Floriane1, OHNOUNA  Rachel1, VANEL Noémie1, GRIMALDI 
Céline1, RONCIN  Cesar1, MICHEL  Fabrice1

1Hopital Timone 2, Marseille, France 
Correspondence: Fabrice MICHEL (fabrice.michel@ap-hm.fr)
Annals of Intensive Care 2022, 12(1):FC-122

Rationale: Communication with patients requires interpersonal skills 
and is a challenge for physicians, especially in paediatric critical care 
units. The need for good communication contrasts with the lack of 
training in communication skills in medical studies, and there is little 
experience in the literature of evaluating communication with families 
training in paediatric critical care. The main objective of this study was 
to heteroevaluate the impact of communication training for residents 
in a paediatric intensive care unit.
Patients and methods/Materials and methods: 14 residents were 
evaluated on their performance in communicating with families 
through video recordings of simulated breaking bad news to par-
ents, before and after a 2-day training in communication with families 
including theoretical teaching and situational practice in relational 
simulation. The skills were also evaluated 3  month after the train-
ing to measure maintenance of acquisition over time. Residents were 
confronted to 3 standardized situations in a predetermined order, 
different for each of them. The ‘’modified Breaking Bad News Assess-
ment Scale’’ (mBAS) was used as the evaluation tool scored by resident 
an not involved in the training, and analyzing the videos in a totally 
random order. The duration of interviews, speaking and silence times 
were recorded. Self-assessment was also performed using the ‘’Break-
ing Bad News’’ and ‘’Cungi and Rey’’ scales scored after each session.
Results: Both self-assessment scores showed important and signifi-
cant improvement of the participants after the training, and main-
tenance of acquisitions over time. The global mBAS score decrease 
(corresponding to skills improvement) non-significantly, immedi-
ately after training (55.8 ± 8.1 vs. 49.0 ± 8.0; p = 0.071), but there 
was a significant improvement in two of the five score domains (A: 
setting the scene, C: eliciting concerns). Stress of residents after 
interviews decreased non significantly between the 3 measures 
(5,0 ± 1,7;4,4 ± 2,1;3,7 ± 1; p = 0,214). Duration of interviews and 
silence did not vary significantly.
Conclusion: Our study showed that training in communication with 
parents in the paediatric intensive care unit resulted in an improve-
ment in the resident’s autoevaluation. This effect was less pronounced 
during heteroevaluation, which should encourage teachers to evalu-
ate their training by objective methods.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The fear to contaminate and being contaminated, the 
quality of preparedness, the availability of personal protection equip-
ment (EPI), diagnostic and therapeutic blur of an emergent disease 
and patients’ severity leading to high workload have added a burden 
of acute emotional stress in healthcare workers. The aim was to evalu-
ate the impact of Covid-19 pandemic on healthcare workers mental 
health and identify factors associated with adverse mental outcomes.
Patients and methods/Materials and methods: It is a cross-sec-
tional study conducted in critical care and emergency departments 
of 3 hospitals (Hached; Sahloul and Military hospital of Instruction of 
Tunis) from January 18, 2021, to March 13, 2021.Mental health out-
comes: depression, anxiety, stress, post-traumatic stress disorder and 
burnout were assessed by depression anxiety stress scales (DASS), 
Impact of event scale revised(IES-r) and Maslach Burn out Inventory 
(MBI), respectively. Multivariate logistic regression analysis was per-
formed to identify factors associated with those adverse mental health 
outcomes.
Results: One hundred and ten healthcare workers filled the question-
naire with a response rate at 86.6%. Respondents characteristics’ were: 
median age, 32 [28–37] years; female 68(61.8%); nurses 57(51.8%); 
63(57.3%) worked in emergency departments. Fifty-two respond-
ents (47.3%) had been contaminated by the SARS COV2. 88.2% of the 
respondents reported a feeling of fear of personal and family physical 
safety,74.5% felt an increased work overload and 72.7% confirmed a 
poor working condition. 43 respondents (43.6%) were considering 
quitting their profession because of severe psychological distress. 
48.2%, 42.7% and 48.98% of respondents had respectively severe 
stress, severe anxiety and severe burnout. 49.1% of participants had 
probable PTSD according to IES-r score. On the multivariate regression, 
female sex (OR, 9.7; CI [2.5–36.7]; p < 0.001), age (OR, 0.083; IC [0.013–
0.537]; p = 0.009), work overload (OR, 5.6; IC [1.3–23.7]; p = 0.018), were 
factors associated with stress. Age (OR, 0.6; IC [0.5–0.87]; p = 0.000), 
work overload (OR, 29; IC [3–63]; p = 0.002); change of work location 
(OR, 11.3; IC [1.4–88.7]; p = 0.021); poor work conditions (OR,20.7; IC 
[12–66]; p < 0.001) were associated with anxiety. Lack of psychological 
support (OR, 5.8; IC [2–16]; p < 0.001) was the only risk factor associ-
ated with depression. Age (OR, 0.6; IC [0.4–0.73]; p < 0.001); fear of 
personal and family safety (OR,7.2; IC [1.1–15]; p < 0.001); working with 
suspected or confirmed patients with COVID-19 (OR, 29; IC [2–69]; 
p = 0.009) were factors independently associated with PTSD. Female 
sex (OR, 1.1; IC [1.04–1.2]; p = 0.003), poor work conditions (OR,3.5; IC 
[1.7–4.6]; p = 0.047) were predictors of burnout.
Conclusion: The current study highlights that health care workers are 
at high risk of psychological distress during the covid-19 outbreak. 
Early psychological interventions may be beneficial.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Working in intensive care unit confronts professionals with 
extreme and unpredictable situations that have a traumatic dimension 
and constitute a risk of post-traumatic stress disorder (PTSD). Since 
2019 this extreme context has been accentuated by unprecedented 
epidemic waves. We will present a systematic review to better iden-
tify the traumatic impact of ICU on healthcare and associated factors 
before and during the health crisis.
Patients and methods/Materials and methods: We used Pubmed; 
Science direct and Ovid (APA) databases to identify all quantitative, 
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qualitative and mixed studies examining PTSD in Intensive care work-
ers between 2009 and 2022.
Results: Of the 704 articles identified, only 8 met our inclusion criteria. 
4 studies that were conducted before the COVID period showed that 
3.3% to 18.2% of the surveyed intensive care workers had PTSD symp-
toms. The associated risk factors were life-threatening emergencies; 
exposure to death; management of organ and body donations; and 
situations experienced by caregivers as therapeutic overkill. Individual 
factors such as personality also appear to play a role in the develop-
ment of traumatic symptomatology (Cho and Kang 2017). Four studies 
conducted during the COVID period showed a significant increase in 
the prevalence of trauma among intensive care workers, with between 
16% and 73.3% showing traumatic symptoms. The already potentially 
traumatic factors of ICU were exacerbated and others specific to the 
crisis increased this risk (Carmassi et al. 2022; Laurent et al. 2022). Feel-
ing safe in one’s department, supported by one’s team, and having 
sufficient material and human backup seemed to be protective factors 
(Heesakkers et al. 2021).
Conclusion: Intensive care workers seem to be particularly at risk 
of developing PTSD, and this has increased during the health cri-
sis period. However, there are few studies on this subject and they 
deserve to be developed in order to propose prevention and adapted 
care devices.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: During the COVID pandemic, many hospitals had to mobi-
lize reinforcement healthcare workers (HCW), especially in intensive 
care units (ICUs). We investigated the perceptions and experiences of 
reinforcement workers deployed to ICUs, and the impact of deploy-
ment on their personal and professional lives.
Patients and methods/Materials and methods: For this qualita-
tive study, a random sample of reinforcement workers was drawn 
from 4 centres participating in the larger PsyCOVID-ICU study. These 
HCW worked in the intensive care unit as support staff during either 
of the two waves of 2020 (March to May 2020 (wave 1) or Septem-
ber to November 2020 (wave 2)) in any of the four participating 

centres. Individual semi-structured interviews were held by telephone, 
recorded, transcribed and analyzed by thematic analysis.
Results: Thirty interviews were performed from April to May 2021 
(22 nurses, 2 anesthesiology nurses, 6 nurses’ aides). Average age was 
36.8 ± 9.5  years; 7 participants had no ICU experience. Four major 
themes emerged, namely: (1) difficulties with integration, especially 
for those with no ICU experience; (2) lack of training; (3) difficulties 
with management, notably a feeling of insufficient communication; (4) 
mental distress relating to the unusual work and fear of contaminating 
their entourage.
Conclusion: HCWs deployed as reinforcements to ICUs at the height 
of the pandemic had a unique experience of the crisis, and identified 
important gaps in organization and preparation. They also suffered 
from a marked lack of training, given the stakes in the management of 
critically ill patients in the ICU.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Only few clinical trials are completed in the expected time-
frame, in part because of low inclusion rates. The specific context of 
“emergency trials” (short inclusion timeframes, very selective criterion) 
aside of time pressure associated with critical illness represents an 
extra challenge. Studies evaluating means to improve trial recruitment 
were performed outside of the ICU setting and aimed to increase the 
rate of patient consent rather than targeting investigator motivation. 
We hypothesize that an optimized communication strategy targeted 
at increasing investigator motivation may significantly improve trial 
recruitment.
Patients and methods/Materials and methods: Study centres partic-
ipating in the EVERDAC trial (evaluating early vs differed arterial cath-
eter in ICU patients with acute circulatory failure, NCT03680963),[1] 
were randomized between two communication strategies: conven-
tional communication or upgraded communication strategy (inter-
vention) including personalized computer-generated emails of 
congratulations for inclusions according to inclusion rate. The primary 
outcome was the number of patients included in the EVERDAC trial 
12  months after centre opening, analyzed in a quasi-Poisson regres-
sion considering the number of ICU beds available in the unit as an 
offset.
Results: 264 patients were included in the EVERDAC study in the nine 
participating centres, 119 from intervention centres (median 28.5 
[18.0;46.9]), 145 from conventional centres (median 23.0 [7.0;25.0] (RR 
0.53 [0.11;2.34], p = 0.42, Fig. 1). Respectively 115 and 145 emails were 
addressed to the investigator with respectively 13.0 [13.0; 14.0] and 8.0 
[8.0;10.0] recipients in carbon copy (coinvestigators and study team).
Discussion: Our study failed to demonstrate that an optimized com-
munication strategy could improve inclusion rate. First our study may 
be underpowered. Secondly, one large centre with no inclusion ran-
domized to intervention and smaller centre which made by far most 
of the trial inclusions randomized to the control group, may represent 
outliers significantly impacting overall results. One could argue these 
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centres would have included the same inclusion rate whatever the 
communication strategy applied (ie, our communication strategy may 
improve inclusions in centres with middle rate of inclusion). However, 
results were not modified when excluding those outlier centres from 
analysis (RR 0.6 [0.23;2.34]). Thirdly, the number of emails sent could 
have a negative effect on inclusions.
Conclusion: This study failed to demonstrate a benefit of an email 
based optimized communication strategy between the study coordi-
nator and site investigators and staff on trial inclusion rate in the ICU.
Reference 1: Muller G, BMJ Open. 2021;11:e044719.
Compliance with ethics regulations: N/A.

12 months inclusion according to the number of beds available in the ICU

FC‑127 
Epidemiology of people living with HIV admitted to an ICU 
of the Caribbean region between 2015 and 2019
TEISSEDRE Célia1, CARLES  Michel1, LAMAURY  Isabelle1, TRESSIERES 
 Benoit1, MELOT Bénédicte1

1CHU de la Guadeloupe, Les Abymes, Guadeloupe 
Correspondence: Célia TEISSEDRE (melotb@gmail.com)
Annals of Intensive Care 2022, 12(1):FC-127

Rationale: People leaving with HIV (PLWHIV) from the Caribbean, due 
to the geographical and historical situation of this region, have very 
specific epidemiological characteristics, including a higher prevalence 
compared to other regions. The primary objective of this work was to 
describe the characteristics of PLWHIV treated in the ICU of our hos-
pital to improve their care. The secondary objectives were to study 
factors associated to prognosis and assess the impact of HIV on ICU 
morbidity and mortality.
Patients and methods/Materials and methods: We included all 
patients treated in the ICU of our hospital between January 2015 and 
December 2019 with the main or associated diagnosis “HIV” during 
their hospitalization. We first carried out a descriptive analysis using 
paper and computer files. We then performed a bivariate and multivar-
iate analysis to study the variables associated with mortality in PLWHIV 
and then to compare the prognosis in intensive care, at 1 month and 
at 1 year in PLWHIV versus non-HIV, adjusted for the other variables.
Results: A total 114 PLWHIV and 228 patients without HIV were ana-
lyzed, i.e. an average of 23 PLWHIV per year, including 9 patients 
diagnosed at the time of their admission to the ICU, and 2 with a “for-
tuitous” diagnosis. The median age was 54  years old, the sex ratio 2, 
the median CD4 count was 218/mm3 and the median viral load 185 
copies, 1/4 had co-infection with hepatitis B, 81% had at least 1 oppor-
tunistic infection, 1/3 had a renal replacement therapy (RRT), half a 

vasopressor therapy, 3/4 mechanical ventilation. The mortality in the 
ICU was 31% (Table). PLWHIV were significantly more ventilated, on 
vasopressor therapy, and on RRT than non-HIV patients, and variables 
associated to higher ICU mortality in PLWHIV were intubation, RRT, 
vasopressor therapy, and single hospitalizations. However, mortality in 
ICU, at 1 month and 1 year, although slightly higher in PLWHIV didn’t 
vary significantly.
Conclusion: PLWHIV hospitalized in the ICU of our hospital are fre-
quent, more severe and require heavier care, compared to non-HIV 
patients. Factors related to the poor prognosis, like diagnosis delay 
due to HIV lack of knowledge, should be assessed. Due to the large 
number of PLWHIV admitted to the ICU (2 per month) in this area, 
specific approaches should be implemented: adaptation of human 
resources, infectious disease referent, specific and regular training of 
ICU physicians and paramedics to increase their skills regarding HIV 
specific aspects, in order to improve PLWHIV ICU prognosis.
Compliance with ethics regulations: Yes in clinical research.

Table: Evolution of the characteristics of PLWHIV admitted to the ICU of a 
Caribbean hospital from 2015 to 2019, n = 114.
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Rationale: Catheter associated urinary tract infections (CAUTI) are 
the most frequent nosocomial infections, although rarely severe. In 
this setting the benefit/risk ratio of antibiotic therapy is unclear since 
overconsumption leads to antimicrobial resistance. Catheter associ-
ated asymptomatic bacteriuria should not be treated but distinction 
between asymptomatic bacteriuria and urinary infection is not easily 
made in ICU patients. We therefore hypothesized that the abstention 
of treatment of positive urine cultures associated with systemic signs 
of inflammation is not related with an increased sepsis occurrence in 
the following 7 days.
Patients and methods/Materials and methods: Comparative ret-
rospective monocentric study with a non-inferiority design. Patients 
hospitalized between 2012 and 2018 for at least 48 h in the ICU, with 
a bladder catheter and a positive urinary culture presenting fever 
(> 38  °C) or a CRP level above 100  mg/l were included. Exclusion cri-
teria were pregnancy, kidney transplant recipients, planned urological 
surgery, neutropenia, bacteriemic urinary tract infection the day of 
inclusion, other source of infection requiring antibiotics for which the 
urinary bacteria was susceptible or septic shock. Based on a previous 
study we expected a sepsis occurrence of 10%. To provide a power of 
80% with a non-inferiority margin of 10% we planned to include 112 
patients in each group.
Results: Among 222 included patients, 100 (45%) received antimicro-
bial therapy and 122 (55%) did not. Groups were comparable in terms 
of age, sex, SAPS II score and co-morbidities. SOFA score the day of 
inclusion was higher in the groups who received antibiotics (median 



Page 105 of 167Annals of Intensive Care  2022, 12(Suppl 1):54

4 versus 3 p = 0,004). Escherichia Coli (50,4%), was the most frequent 
bacteria identified. Amoxicillin-clavulanic acid (42%), piperacillin/
tazobactam (19%) and ciprofloxacin (16%) were the most prescribed 
antibiotics with a median duration of 5 days. Sepsis occurrence 7 days 
after the positive urinary culture were similar between the two groups 
(treated: 7% no treatment: 1,6% p = 0,089). Moreover, we found no 
difference between groups in terms of mortality (6% versus 1,6% 
p = 0,08) or bacteremia (2% versus 2,4%p = 0,671).
Conclusion: Absence of antibiotic treatment for urinary catheter asso-
ciated positive culture and inflammatory syndrome in ICU patients was 
not associated with an increase in sepsis occurrence the next 7  days 
following the urinary culture. Further studies are needed to better 
define the indication of antibiotic treatment for CAUTI in ICU setting.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Staphylococci are one of the most incriminated pathogens 
in human infections (1), in recent years there has been the emergence 
of resistant strains, especially coagulase negative (CNS). Our objective 
was to evaluate the incidence of CNS in a general intensive care unit 
and to study their sensitivity to antibiotics.
Patients and methods/Materials and methods: retrospective study 
over 4 years conducted in the intensive care unit of the August 20 hos-
pital. The patients included have at least one bacteriological sample 
positive for Staphylococcus. Demographic, epidemiological, bacte-
riological, therapeutic and evolutionary data were analyzed and then 
compared in an CNS group.
Results: 74 patients were included (mean age 44 ± 19.18  years, 
54 men and 20 women). The incidence of CNS was 5.50%: 66% 
in the blood culture (n = 58) and 34% in the catheter. 78.37% of 
patients were admitted to the intensive care unit from the emer-
gency reception service. The average length of hospitalization was 
18.52  days ± 14.22  days. The methicillin resistance rate was 43%. 
On the other hand, vancomycin and teicoplanin were effective. 23 
patients were treated with anti-staphylococcal antibiotic therapy, 
51 did not receive it, there was no statistically significant difference 
between these two groups of patients in terms of mortality (p = 0.45). 
The most common cause of death was septic shock with no significant 
difference between the two treated and untreated groups.
Conclusion: the incidence of CNS remains low but their mortality is 
worrying. 43% of CNS are resistant to methicillin. Glycopeptides have 
always been considered effective in the treatment of staphylococcal 
infections. Except that in recent years we have seen the appearance of 
cases of resistance of CNS  to these glycopeptides.
Reference 1: 1- BILAL AHMAD MIR1, Dr. SRIKANTH. Prevalence and 
antimicrobial susceptibility of methicillin resistant staphylococcus 
aureus and coagulase-negative staphylococci in a tertiary care hospi-
tal. Asian J Pharm Clin Res, Vol 6, Suppl 3, 2013, 231–234.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Therapeutic plasma exchange (TPE) is a technique which 
separates out plasma from other components of blood. The plasma is 
removed and replaced with a surrogate solution (1). TPE has immuno-
suppressive impact which may increase the risk for infectious compli-
cations (2). However, the incidence of infections following TPE in ICU 
patients remains poorly investigated.
Patients and methods/Materials and methods: We conducted 
a retrospective cohort study including patients treated by plasma 
exchange in the medical ICU of three tertiary teaching hospital in 
Paris, France (Saint-Antoine, Saint-Louis et Pitié-Salpétrière), between 
January 1st 2010 and December 31th 2019. Clinical, biological and 
microbiological parameters were collected with a focus on blood-
stream infection (BSI).
Results: Overall, 264 patients were included with 5 (3–7) plasma 
exchange procedures. Median SOFA at admission was 5 (2–6) and 
ICU mortality was low (8%). The median age was 48 (34–63) years old, 
mainly women (59%) with a BMI at 25 (22–29). The main indications for 
TPE were thrombotic microangiopathy (59%), followed by CNS inflam-
matory diseases (14%) and hyperviscosity syndrome (7%). The major-
ity of patients were treated by at least one immunosuppressive drug 
(89%). Overall, 32 patients had positive blood cultures, 9 were consid-
ered contaminated, leaving 23 BSI for analysis (9%). BSI occurred after 
4 (1–8) TPE procedures, double-lumen catheter being identified as the 
main origin for bloodstream infection (35%). Main identified germs 
were K. Pneumonia (26%), %), Staph. aureus (16%), Ps. aeruginosa (8%), 
M. morganii (8%), E. coli (8%). Comparing patients with and without 
BSI, we found higher BMI (25 (22–28) vs 28 (23–33), P = 0.04), and more 
frequent catheter-related thrombosis in the infection group (5% vs 
17%, P = 0.06). No significant different was observed between groups 
regarding comorbidities, number of immunosuppressive drugs and 
central catheter position (femoral or jugular).
Conclusion: In ICU patients treated with TPE, BSI is not frequent and 
can be observed within the first week of treatment.
Reference 1: Pham HP, Staley EM, Schwartz J. Therapeutic plasma 
exchange—A brief review of indications, urgency, schedule, and tech-
nical aspects. Transfus Apher Sci. 2019 Jun;58(3):237–46.
Reference 2: Reeves HM, Winters JL. The mechanisms of action of 
plasma exchange. British Journal of Haematology. 2014;164(3):342–51.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The presence of a tracheal tube for invasive mechanical 
ventilation (MV) may facilitate bacterial colonization of the lower res-
piratory tract (LRT) but also will change patients’ respiratory micro-
biota, ultimately leading to the development of Ventilator-Associated 
Pneumonia (VAP) directly or through a Ventilator-Associated Tracheo-
bronchitis step in some patients. Nevertheless, even if this concept is 
widely accepted, little is known regarding the exact bacterial kinetic 
changes in LRT secretions during MV. Although the first days of intu-
bation seem critical for microbiological evolution, current knowledge 
of such colonization process is limited, and descriptions are not con-
clusive due to important clinical heterogeneity among patient popula-
tions. The objective of the study was to exhaustively follow bacterial 
kinetic changes in all endotracheal secretions during the first seven 
days of MV starting right after intubation in a highly homogeneous 
and clean population.
Patients and methods/Materials and methods: We conducted a 
prospective study in adult patients requiring MV for at least 7 days. In 
order to have a very “clean” population, patients had to be free from 
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acute or chronic pulmonary disease, from any acute infectious dis-
ease and from antibiotic treatment for at least 2  weeks before inclu-
sion. Patients were included from intubation and all endotracheal 
secretions collected as part of routine care by bedside nurses were 
collected around the clock until D7. MV patients were classified in 
VAP or no VAP group by an independent blinded adjudication com-
mittee, according to clinical, microbiological and radiological criteria. 
Quantitative microbiological culture was performed from each sin-
gle endotracheal aspirate (ETA) following ESCMID recommendations. 
Common putative pathogens were identified with the Vitek MS (bio-
Mérieux) and quantified.
Results: Forty-eight patients were included, 28 (58%) were men with a 
mean age of 58 (± 15) years. Apache II score of 14.3 (± 5.3), and Charl-
son Comorbidity Index of 2.8 (± 1.9). Ten patients (21%) developed 
VAP. A total of 1556 ETA samples were collected (34 ETA on average per 
patient). Staphylococcus aureus and Haemophilus influenzae were the 
two most frequent pathogens identified in VAP and no VAP patients, 6 
vs 20 patients and 8 vs 18 patients respectively. Mean number of com-
mon putative pathogens per patient was 2.6 (± 1.3) and 3.6 (± 1.7) in 
VAP and no VAP group respectively. Microbial colonization showed no 
similar patterns or differences in terms of CFU evolution between both 
groups (Figure).
Conclusion: Bacterial quantification from ETA samples during intuba-
tion of patients with no confounding factors showed a high intra and 
intervariability that is not correlated to VAP onset.
Compliance with ethics regulations: Yes in clinical research.

Comparative kinetics of main putative pathogens in VAP (red) and no VAP 
(blue) groups expressed in mean ± standard error of mean
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Rationale: Chronic obstructive pulmonary disease (COPD) is a fre-
quent disease affecting more than 200 million persons worldwide. The 
chronic course of COPD is frequently worsened by acute exacerbations 
(AECOPD). Mortality in patients hospitalized for hypercapnic AECOPD 

(the most severe) remains dramatically high and the mechanisms 
underlying those exacerbations are poorly understood. Lung micro-
biota has been demonstrated to be associated with COPD course and 
outcomes in non-hypercapnic AECOPD but no study specifically inves-
tigated hypercapnic AECOPD patients. The aim of this study is thus to 
compare lung microbiota composition between hypercapnic AECOPD 
survivors and non-survivors.
Patients and methods/Materials and methods: Induced sputum or 
endotracheal aspirate was collected at admission of every consecu-
tive hypercapnic AECOPD from October 2018 to March 2019. After 
DNA extraction, V3–V4 and ITS2 regions were amplified by PCR. Deep-
sequencing was performed on MiSeq sequencer  (Illumina®); data were 
analysed using DADA2 pipeline.
Results: Among 47 patients admitted for hypercapnic AECOPD, 25 
(53%) with samples of sufficient quality were included, 21/25 (84%) 
of ICU survivors and 4/25 (16%) of ICU non-survivors. AECOPD non-
survivors had lower lung mycobiota (p: 0.03, p: 0.05, p: 0.05), but not 
bacteriobiota (p: 0.71, p: 0.543, p: 0.70), α-diversity than survivors. Both 
lung bacteriobiota and mycobiota were not dissimilar between survi-
vors and non-survivors (respectively, p: 0.91 and p: 0.88). Similar results 
were demonstrated comparing patients receiving invasive mechanical 
ventilation (n: 13 (52%)) with those receiving non-invasive ventilation 
(n: 12 (48%). Previous systemic antimicrobial therapy and inhaled cor-
ticosteroids, but not systemic one, can alter the lung microbiota com-
position in hypercapnic AECOPD patients.
Conclusion: Non-survivors and patients requiring invasive mechani-
cal ventilation have lower lung mycobiota, but not bacteriobiota, 
α-diversity than survivors and patients only receiving non-invasive 
ventilation respectively. This study encourages for large multicentre 
cohort study investigating the role of lung microbiota in hypercapnic 
AECOPD and urges to investigate the role of fungal kingdom of lung 
microbiota in hypercapnic AECOPD pathophysiology.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The mechanisms responsible for the sustained immuno-
suppression induced in sepsis that account for increased suscepti-
bility to infection remain not entirely understood. Plasmablast and 
plasma cell subsets whose primary function is to secrete antibodies, 
have emerged as important suppressive populations expanded in 
infection and sepsis. The natural  LAG3 + regulatory plasma cells can 
suppress immunity through IL-10 production, and sepsis supports 
 CD39hi plasmablast metabolic reprogramming towards aerobic gly-
colysis responsible for their adenosine-mediated suppressive activity. 
Arginine deficiency described in sepsis has been linked to increased 
risk of recurrent infections. Overcoming arginine shortage by means 
of citrulline enteral administration was shown to efficiently improve 
sepsis-induced immunosuppression in the caecal ligation and punc-
ture (CLP) model and secondary infection. Therefore, we tested here 
the hypothesis that citrulline administration may decrease plasmab-
last and plasma cell suppressive functions in sepsis.
Patients and Methods/Materials and methods: Splenic suppressive 
plasma cells have been characterized in a mouse model of sepsis. Ani-
mals underwent cecal ligation and puncture (CLP), received antibiotic 
therapy and fluid resuscitation. From day 0 to day 5, mice were enter-
ally fed by citrulline (150 mg/kg/day), arginine (150 mg/kg/day) or an 
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isonitrogenous placebo. Five days after surgery, immune dysfunctions 
following sepsis were studied.
Results: Citrulline administration markedly reduced the immunosup-
pressive  LAG3 + plasma cells and the  CD39hi plasmablast population 
expanded in CLP, a mechanism that could contribute significantly to 
the beneficial effect of citrulline.
Conclusion: Our study reveals sepsis induced-immunosuppressive 
plasma cells as highly responsive to nutrition and further supports 
the development of citrulline-based clinical studies to balance the 
immune system in sepsis.
Reference 1: Beneficial effects of citrulline enteral administration on 
sepsis-induced T cell mitochondrial dysfunction. Proc Natl Acad Sci U S 
A. 2022 Feb 22;119(8).
Compliance with ethics regulations: Yes in animal testing.
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Rationale: Healthcare-associated infections (HAIs) are associated 
with an increase in morbidity and mortality in patients hospitalized 
in intensive care. The objective of this study is to determine the inci-
dence of HAIs and to describe their bacteriological profile in the par-
ticular context of the COVID-19 pandemic.
Patients and methods/Materials and methods: This is a retrospec-
tive study carried out between September 1, 2020 and September 
30, 2021 in the intensive care unit of CHU FATTOUMA BOURGUIBA in 
MONASTIR, collecting the observations of patients admitted for ARDS 
due to COVID-19 whose stay was complicated by healthcare-associ-
ated infection. We analyzed the demographic, clinical and evolution-
ary characteristics as well as the results of the microbiological samples 
taken from these patients.
Results: 440 patients were admitted to the ICU, 79 patients devel-
oped a HAI (18%). They were 45 men with an average age of 65 years. 
BMR screening was done in 53 patients and was positive in 17.7% 
of cases. The most frequent site of infection was the pulmonary site 
(52%) followed by hemato-vascular (9%) and urinary (2%) infection. 
The responsible micro-organisms are dominated by acinetobacter 
(24%) followed by pseudomonas aeruginosa (3.8%) and KP ESBL (3%). 
Of note, 17% of IAS were polymicrobial infections and in 30% of cases 
the micro-organism was not identified. The median length of stay was 
15 days with a median prolongation of 5 days for the occurrence of an 
HAI. Curative antibiotic therapy was empirical in 62% of cases based 
on the combination tigecycline/colimycin (63%). The most common 
complication was septic shock which occurred in 81% associated with 
multi-visceral failure in 71% of cases. The mortality rate was at 84.8%.
Conclusion: In this study, the incidence of IAS was significant with a 
substantial impact on the outcome of patients with high mortality in 
case of infection.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The speed expansion of ICU beds and the redistribution 
of resources during the COVID-19 pandemic have made it difficult to 
comply with healthcare-related infection (HCRI) prevention measures. 
In Tunisia, one of the countries hardest affected by this pandemic, little 
or no data is available on the characteristics of HCRI in the COVID-19 
era. Objectives: To study the epidemiology of HCRI in patients severely 
affected with COVID-19, to identify risk factors and to determine their 
prognostic impact.
Patients and Methods/Materials and methods: retrospective, 
observational and analytical study in critical patients with COVID-19. 
Microbiological samples were taken if HCRI was suspected. Factors 
influencing the occurrence of HCRI were: demographic criteria, co-
morbidities, exposure to antibiotics and steroids, invasive procedures, 
clinical and paraclinical characteristics. Outcome parameters were sep-
sis/septic shock and mortality.
Results: 157 patients were included, of which 60 (38.2%) presented 
at least one HCRI of mean age at 60 + 12 years, sex ratio = 1.3 and of 
SOFA at 4 + 1.7. Hypertension (n = 30) and diabetes (n = 23) were the 
predominant defects. 117 HCRIs were recorded corresponding to 
an incidence density (ID) of 69.2 IN / 1000 HD and divided into VAP 
(n = 38), bacteremia (n = 32), urinary tract infection (UTI, n = 24), cath-
eter-related infection (CRI, n = 12) and fungal infection (n = 11). Com-
pared to 2017, there was an increase of HCRIs, and the time to onset 
was earlier (attached figure). Acinetobacter baumanii (39.5%) and Kleb-
siella pneumoniae were the most isolated (27%) of which 89% had a 
profile sensitive only to colistin and 64.5% produced broad spectrum 
beta-lactamase respectively. Factors independently associated to HCRI 
were hyperglycemia (OR = 12.8 [3.1–51]), elevated CRP (> 115  mg/l, 
OR = 1.009 [1.001–1.017]), steroid use duration > 10 d (OR = 1.25 
[1.08–1.44]), arterial catheter (OR = 6.57 [1.35–31]) and bladder cathe-
terization (OR = 43 [4–466]). Patients developing HCRI presented more 
septic origin (91% vs 72%, p < 10–3). HCRI was an independent factor 
of mortality which multiplied it by 8 (OR = 8.49, p = 0.004). Other fac-
tors were also independently linked to mortality: mechanical ventila-
tion (OR = 23.5, p = 10–3) and stage 3 ARDS (OR = 7.22, p = 0.007).
Conclusion: During the COVID period, the rate of HCRIs increased 
mainly VAP and UTI. Multi-resistant Acinetobacter baumanii and Kleb-
siella pneumoniae remained the most isolated pathogens. In addition 
to the common risk factors often reported even outside of COVID, 
hyperglycemia, elevated CRP, and prolonged corticosteroid duration 
were the original factors found associated with HCRIs in our cohort. 
When the HCRI grafted onto the evolutionary process of those criti-
cally ill with COVID, it amplified the risk of death by eight.
Reference 1: Trifi A, Abdellatif S, Oueslati M, Zribi M, Daly F, Nasri R, 
Mannai R, Fandri C, Ben Lakhal S. Nosocomial infections: current situa-
tion in a resuscitation-unit. Tunis Med. 2017 Mar;95(3):179–184. PMID: 
29446811.
Compliance with ethics regulations: N/A.

Figure. Difference in incidence densities of HCRI before COVID versus 
COVID era.
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Rationale: The COVID-19 epidemic has been a health threat world-
wide causing multi-organ damage. This viral infection (COVID-19) is 
not the only cause of deaths in this pandemic. A usual complication 
of viral infections is a secondary bacterial infection or a superinfection 
(1). The aim of this study was to assess prevalence, characteristics and 
outcome of bacteremia in critically ill COVID-19 patients.
Patients and methods/Materials and methods: We conducted a 
retrospective study in an ICU over a period of 16 months [September 
2020–December 2021] including patients with SARS-COV2 infection.
Results: During the study period, 586 patients were included with a 
mean age of 59.5 ± 14.7 and a gender ratio of 1.6. The median SAP-
SII and SOFA score were respectively of 29 ± 14.8 and 4 ± 2.6. Most 
patients had comorbidities, including hypertension (36%), obe-
sity (32.1%) and diabetes (36.2%). Bacteremia was diagnosed in 42 
(7.2%) patients after a mean hospital stay of 7.4 ± 4.5  day. The most 
frequently found germs were: Klebsiella pneumoniae in 10 (23.8%) 
patients, Enterococcus faecalis in 7 (16.7%) patients and Acinetobac-
ter baumanii in 6 (14.3%). Those with bacteremia had significantly 
higher rates of septic shock (71.4% vs 41.2%; p < 0.001. Bacteremia was 
associated with longer length of stay. In addition, the use of invasive 
mechanical ventilation and mortality were significantly higher in bac-
teremia group (Table I).
Conclusion: Bacteremia is a severe complication in patients suffering 
SARS-COV2 infection and requiring ICU admission. The development 
of Bacteremia is associated with poor outcome.
Reference 1: (1)Nag V.L. · Kaur N: Superinfections in COVID-19 
Patients: Role of Antimicrobials.
Compliance with ethics regulations: Yes in clinical research.

Table I: Outcome comparison according to bacteremia
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Rationale: During the COVID-19 pandemic, use of closed tracheal suc-
tion systems (CTSS) has become widespread in intensive care units 
(ICU) to reduce health care workers and environmental contamina-
tions. These systems are frequently mobilized to aspirate the tracheo-
bronchial secretions. Furthermore, they may be used to perform 
bacteriological samples by tracheal aspirations in case for example of 
suspected pneumonia. CTSS are set up for 3 days according to manu-
facturer and due to pandemic shortage conditions sometimes longer 
in several ICU. The aim of this study is to assess the influence of CTSS 
use on respiratory bacteriological samples.
Patients and methods/Materials and methods: This prospective 
observational monocentric study realized in an ICU of University Hos-
pital enrolled patients between April 2021 and February 2022 after 

ethical committee approval. Inclusion criteria were: active SARS-Cov-2 
infection, CTSS use under invasive mechanical ventilation and need 
to change this system according to local practice recommendations. 
At time of CTSS replacement, we performed a microbiological analy-
sis of the tracheal secretions before the removal. A second sample of 
tracheal secretions was taken through the new CTSS at first need of 
aspiration for the patient. Finally, a microbiological analysis was also 
carried out on the distal part of the CTSS removed.
Results: 15 patients were enrolled, 3 were excluded for missing data. 
The mean duration of CTSS use was 6,3 days (± 4.8) Of the 12 samples 
carried out on previous CTSS, 6 were sterile (50%). For these 6 patients, 
bacterial samples made through new CTSS were also sterile. CTSS cul-
ture was also sterile with the exception of two patients. The other 6 
tracheal secretions made on previous CTSS have found bacteria clas-
sically implicated in ventilation acquired pneumonia (VAP) (1). There 
was no qualitative bacteriological difference between these 6 samples 
and the tracheal secretions made on the new CTSS. Cultures of the 
CTSS distal part found the same bacteria with one exception.
Discussion: We found a good agreement between bacteriological 
samples performed on previous CTSS and samples made through 
new CTSS. Consequently, no contamination of the device in place for 
several days was observed. This result is of importance as higher risk 
of VAP and of multi drug resistant bacteria was observed for SARS-
CoV-2 ICU patients (1). Yet, these data do not inform on impact of 
CTSS for respiratory tract bacterial colonization and further studies are 
mandatory.
Conclusion: The study suggests that the realization of tracheal secre-
tions through CTSS does not lead to bacterial contamination of the 
respiratory samples.
Reference 1: (1) “Risks of ventilator-associated pneumonia and inva-
sive pulmonary aspergillosis in patients with viral acute respiratory dis-
tress syndrome related or not to Coronavirus 19 disease”, K Razazi and 
al; Crit Care. 2020 Dec 18;24(1):699. https:// doi. org/ 10. 1186/ s13054
Compliance with ethics regulations: Yes in clinical research.

FC‑138 
Healthcare‑associated infections in critical COVID‑19 forms
GUISSOUMA  Jihene1,2, BEN ALI  Hana2, TRABELSI  Insaf1,2, ALLOUCHE 
 Hend1,2, BRAHMI  Habib1,2, SAMET  Mohamed2, GHADHOUNE  Hatem1,2

1Faculté de médecine de Tunis, Bizerte, Tunisie; 2Université Tunis El Manar, 
Tunis, Tunisie 
Correspondence: Jihene GUISSOUMA (guissouma.jihene@gmail.com)
Annals of Intensive Care 2022, 12(1):FC-138

Rationale: Healthcare-associated infections (HCAI) have been well 
described in previous viral epidemics but reports about secondary 
infections associated to COVID-19 are limited. We aimed to discern the 
risk factors of HCAI in patients admitted to intensive care unit (ICU) for 
critical COVID-19 forms and their prognostic impact.
Patients and methods/Materials and methods: A 16-month (Sep-
tember 2020–December 2021) prospective descriptive study including 
all patients admitted to ICU for critical COVID-19 forms. The patients 
were divided into two groups: -Group1: patients who developed HCAI 
during ICU stay. -Group2: patients who didn’t develop HCAI.
The statistical analysis was performed using SPSS 23.
Results: Overall 140 patients were included. The mean age was 
58 ± 13 with male predominance. The most common comorbidities 
were hypertension (64%) and diabetes (62%). Four patients had auto 
immune disease history with immunosuppressor ongoing treatment. 
The mean IGS II and APACH II were 40 ± 13 and 13 ± 6 respectively.
Fifty-nine bacterial HCAI were reported in 55 patients (group1 and 
group2 counted 55 and 85 patients respectively). Healthcare-associ-
ated pneumonia was the most common one (44 cases equal 74% of 
HCAI) followed by bacteremia (6 cases), urosepsis (3 cases), infection 
related to a central-line catheter (2 cases), infection of bedsores (2 
cases) and colitis (2 cases). Only 24 among the 59 HCAI reported were 
documented. The most common microorganisms isolated were: Aci-
netobacter baumannii (8 cases), Pseudomonas aeruginosa (4 cases) and 
Stenotrophomonas maltophilia (2 cases). Besides, fungal infection was 
considered in 15 cases but only 7 were confirmed by cultures which 

https://doi.org/10.1186/s13054
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isolates Candida albicans in 4 cases and non albicans in 3 cases. In the 
remaining cases, the diagnosis was based on candida score, clinical 
and biological criteria without a microbiological laboratory confirma-
tion. The mean length of ICU stay was significantly higher (p <  10–3) in 
group1 (17 days) compared to group2 (8 days).
Overall mortality was 69%. It was higher in group 1 (85%) compared 
to group 2 (60%) with a statically significant difference (p = 0,01). In 
univariate analysis, auto immune disease history (p = 0,03), prior anti-
biotherapy (p = 0,05), septic shock on admission (p <  10–3) and invasive 
ventilation (p <  10–3) were the main risk factors for acquiring HCAI. 
Only septic shock was an independent risk factor in multivariate analy-
sis (p = 0,05).
Conclusion: The occurrence of HCAI in critical COVID-19 forms was 
frequent in our study. It was associated to a poorer outcome and a 
longer ICU stay. Septic shock on admission was the only independent 
risk factor for acquiring HCAI. These results need to be confirmed by 
further larger studies.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Hospital-acquired infections (HAI) have been constantly 
reported in critically ill patients with COVID-19. The aim of the present 
study was to assess characteristics and outcome of critically ill COVID-
19 patients whom ICU stay was complicated with HAI.
Patients and methods/Materials and methods: We conducted a ret-
rospective single-center, case–control study including patients with 
COVID-19 infection admitted to the ICU between March 2020 and Sep-
tember 2021. We evaluated clinical features and outcome of critically 
ill COVID-19 patients with HAI.
Results: During the study period, 544 patients were collected. The 
mean age was 59 ± 13 years [18–95] with a gender-ratio (H/F) of 1.66. 
The mean SAPS II and APACHEII scores were 28 ± 10 and 10.3 ± 5, 
respectively. Invasive mechanical ventilation was required in 57.2% of 
patients. Two hundred thirty-seven (43.5%) patients developed a HAI. 
The most common HAI was pneumoniae (28.3%), followed by urinary 
tract infection (13.2%), bacteremia (11%) and central line-associated 
bloodstream infection (4.6%). Comparison of clinical and outcome 
findings between HAI and non-HAI patients is reported in Table 1.
Conclusion: HAIs are frequent among critically ill COVID-19 patients. 
They substantially worsen patients’ outcome and significantly extend 
ICU length of stay. As it has always been in ICU, HAIs management and 
prevention represents a serious challenge to healthcare professionals 
globally during the COVID-19 pandemic.
Compliance with ethics regulations: Yes in clinical research.

Table 1: Comparison of clinical and outcome findings between HAI and 
non-HAI patients.
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Rationale: Nosocomial bacterial and fungal infections (NI) have been 
reported in patients with COVID-19, resulting from an immunosup-
pressed state. However, few data are available on these infections in 
critically ill patients. The objective of this study was to evaluate the 
characteristics of ICU-acquired infections in COVID-19 patients and to 
establish the microbiological profile.
Patients and methods/Materials and methods: It was a retrospec-
tive descriptive study including adults with COVID-19 admitted in ICU 
of Abderahmen Memi Hospital, from March 2020 to December 2021. 
Demographic, clinical, microbiological and therapeutic data were col-
lected. We evaluated the epidemiological and microbiological features 
of NI.
Results: During the study period, 544 patients were collected. The 
median age was 59  years [18–95] with a gender ratio of 1.66. Mean 
SAPS II and APACHEII scores were 27.9 ± 10 and 10.3 ± 5, respectively. 
The most common histories were hypertension (39%) and diabetes 
(36.6%) with a mean BMI of 30.79  kg/m2. All patients received dexa-
methasone and 44% had antibiotic therapy on admission. Four hun-
dred fifty-one patient (82.9%) required noninvasive ventilation and 
311 (57.2%) needed invasive ventilation with a median delay of 3 days 
[0–24  d] from admission. NI complicated 237 patients (43.5%) with 
a total of 333 episodes (90 patient had 1 episode, 33 had 2, 20 had 3 
and 23 had more than 3 episodes), 9% of them were acquired in other 
departments and discovered at admission. Pneumopathy acquired 
under mechanical ventilation was the major NI and represented 
81%. Bacteria isolated in these cases were non-fermenting germs 
(65%) (Pseudomonas aeruginosa and Acinetobacter baumanii imipe-
nem resistant) and Enterobacteriaceae (47%), in particular Klebsiella 
pneumoniae BLSE. Urinary infection (13.2% of IN) was dominated by 
Enterococci in 27 cases (among them 2 cases of ERV), Escherichia coli 
in 12 and Klebsiella pneumoniae in 4 (1 was ESBL). Bacteremia and 
catheter-related bloodstream infections  were observed in 11% and 
4.6% of cases respectively. Four percent of NI was fungal infection and 
the most identified germ was Candida albicans. NI was associated with 
septic shock in 74.5% of cases. Mortality rate was 54.8% due to septic 
shock with multiple organ failure in 33% of cases.
Conclusion: Bacterial and fungal nosocomial infection is a common 
complication seen in ICU patients, more observed and repeated in 
COVID-19 patients. It is often a severe form of infection, dominated by 
Gram-negative resistant bacteria acquired during ICU stay and associ-
ated with a poor prognosis.
Compliance with ethics regulations: Yes in clinical research.

FC‑141 
Delivery of high flow oxygen through nasal versus tracheal 
canula. A bench study
GUÉRIN  Claude1,2, COUR  Martin1, DEGIVRY  Florian1, ARGAUD  Laurent1, 
LOUI  Bruno2

1Hôpital Edouard Herriot Hospices Civils de Lyon, Lyon, France, France; 
2Institut Mondor de Recherches Biomédicales, Créteil, France 
Correspondence: Claude GUÉRIN (claude.guerin@chu-lyon.fr)
Annals of Intensive Care 2022, 12(1):FC-141

Rationale: High flow oxygen therapy (HFOT) has increasingly been 
used in the Intensive Care Units, in particular during the SARS-Cov2 
pandemic. Furthermore, the kind of devices to perform HFOT has also 
increased with dedicated devices and ICU ventilators equipped with 
this function. Finally, HFOT can be delivered through nasal or tracheal 
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canula. This bench study was motivated by the comparison of the 
work of breathing (WOB) across HFOT devices and canula.
Patients and methods/Materials and methods: Seven devices were 
tested: the original device (Optiflow), two HFOT dedicated devices 
(Airvo2 and HM80) and 4 ICU ventilators offering this function (G5, 
T60, V500 and V60). Each device was connected to a lung model (ASL 
5000) set with compliance 40 ml/cmH2O, resistance 10   cmH2O/L/s at 
a simulated inspiratory effort of – 10   cmH2O delivered at 30 breaths/
min. Nasal (Optiflow 3S medium size, Fisher and Paykel) and tracheal 
(OPT 970, Fisher and Paykel) canula were attached to a specific mani-
kin head and connected to the HFOT device on one hand and to the 
lung model on the other hand. Each device was tested in each canula 
at a 40 L/min oxygen flow delivered at ambient temperature (heated 
humidifier set in the circuit but off) and  FIO2 0.21 for 2 min. The data 
were recorded with ASL software and analyzed via an application 
developed in the Matlab environment. On each breath the WOB was 
measured by using the Campbell diagram, then multiplied by the res-
piratory rate and expressed as J/min. The effects of canula and device 
were tested by two-factor ANOVA. The values are expressed in median 
(1–3 quartiles) for the reference device (Optiflow) and in relative varia-
tion from it for each device.
Results: With the Optiflow reference device the WOB was 3.7 (3.7–
3.8) and 3.46 (3.5–3.5)    J/min with the nasal and the tracheal canula, 
respectively (P < 0.05). With the nasal canula the relative variations 
from the reference device were 4.6, 6.2, 2.4, 4.5, and 2.2% for Airvo2, 
G5, HM80, T60, V500 and V60, respectively (P < 0.05 vs the reference 
for each device). For the tracheal canula the corresponding values of 
the devices were 1.2, 1.5, 2.6, 0.6, 1.2 and 2.6%, respectively (P < 0.05 
for each device). The relative variations were significantly different 
between nasal and tracheal canula as was the interaction between 
canula and devices.
Conclusion: The WOB was lower with tracheal than with nasal canula 
for every device. The differences between devices may not be clinically 
relevant.
Compliance with ethics regulations: N/A.

FC‑142 
Evaluation of the new heated wire humidifier FP950 
under varying ambient temperature conditions
BOUCHARD Pierre-Alexandre1, ROUSSEAU  Emilie1, LELLOUCHE François1

1Institut Universitaire de Cardiologie et de Pneumologie de Québec, 
Québec City, Canada 
Correspondence: François LELLOUCHE (francois.lellouche@criucpq.
ulaval.ca)
Annals of Intensive Care 2022, 12(1):FC-142

Rationale: It has been previously shown that heated wire humidifi-
ers performances were influenced by ambient air temperature. When 
ambient temperature is high, heater plate temperature decreases 
to maintain chamber temperature stable at 37  °C. Consequently, the 
humidification performances are significantly reduced, well below 
30   mgH2O/L of absolute humidity with risk of endo-tracheal tube 
occlusion. These performances are partially improved with specific 
settings (increased chamber temperature to 40  °C or activation of 
compensation algorithm) (1). The aim of the study was to evaluate the 
new generation heated wire humidifier FP950 that adds parameters 
in its algorithm (including ambient temperature) to maintain a stable 
humidity delivered to patients.
Patients and methods/Materials and methods: We measured on 
bench the hygrometry of inspiratory gases delivered by (i) FP950 
(Fisher&Paykel Healthcare, Auckland, New Zealand) (ii) MR850 with 
usual settings (37 at the chamber/40 at the Ypiece) (iii) MR 850 with 
no temperature gradient (40/40), and (iv) MR850 with compensation 
algorithm activated. Hygrometry was measured with the psychro-
metric method (1) after at least 1 h of stability while varying the room 
temperature from 20 to 30 °C. In another set of experiments, we con-
tinuously measured ambient temperature in several ICU rooms (with 
different exposure), at our institution with (EL (EasyLog) -USB-1 tem-
perature data logger, Lascar Electronics) during several months. One 
measure every 30 min is recorded by this device.

Results: We performed 178 hygrometric measurements at steady state 
for the different conditions tested. The main results are shown in the 
figure. With the new heated wire heated humidifier MR950, the mean 
humidity delivered remained stable at 35.4 ± 1.3   mgH2O/L of deliv-
ered absolute humidity, despite variations of the ambient tempera-
ture from 19.9 to 30.3 °C. Minimum values of absolute humidity were 
31.1  mgH2O/L with FP950, 19.8, 26.6 and 25.5 with MR850 set at 37/40, 
40/40 and with activated compensation respectively. With ambient 
temperature above 27.5  °C, absolute humidity was 34.2   mgH2O/L, 
compared to 23.1   mgH2O/L with MR850 (37/40), P < 0.001, 31.6 
mgH2O/L with MR850 (40/40), p = 0.004, and 29.3   mgH2O/L with 
MR850 and compensation algorithm activated (P < 0.001). The contin-
uous measurement of the ambient temperature in ICU rooms showed 
that the temperature tested in the bench study were relevant to the 
clinical practice in Quebec City with temperatures varying from 20 to 
29 °C.
Conclusion: The new heated wire heated humidifier FP950 demon-
strated stable performances while varying ambient temperature from 
20 to 30  °C. The humidification performances were better than did 
previous generation of heated humidifier when ambient temperatures 
were high.
Reference 1: Lellouche L, Taillé S, Maggiore SM, Qader S, L’Her E, Deye 
N, et al. Influence of ambient air and ventilator output temperature on 
performances of heated-wire humidifiers. Am J Respir Crit Care Med 
2004;170:1073–1079.
Compliance with ethics regulations: N/A.

Absolute Humidity at different ambient temperatures delivered by heated 
humidifiers FP950 and MR 850 (at different settings: 37/40, 40/40 and with 
compensation activated). The value of 30 mgH2O/L is indicated with red 
dotted line
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Rationale: Under-humidification and associated complications may 
occur with heated humidifiers. Endo-tracheal tube occlusions and sub-
occlusions have been shown even with these devices. Hygrometric 
performances of heated wire humidifiers are reduced by high ambient 
and high outlet ventilator temperatures. Currently, there is no reliable 
monitoring tool to evaluate humidification performances of heated 
wire humidifiers in the daily practice. The objectives of this study were 
to demonstrate the relation between humidity delivered by heated 
wire humidifiers and different parameters that could be used to moni-
tor humidity of gas delivered to patients.
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Patients and methods/Materials and methods: On a bench test, we 
measured heater plate temperature, inlet chamber temperature and 
delivered humidity with MR850 system (Fisher & Paykel). Temperature 
displayed on the humidifier was also recorded. The measurements 
were performed at different ambient temperatures and 5-min ven-
tilation levels (5, 7.5, 10, 12.5, 15  l/min) set on an ICU ventilator. Inlet 
chamber temperatures varied from 20 to 40  °C. In each condition, 
hygrometric measurements with the psychrometric method were per-
formed at steady state. We evaluated the relationship between heater 
plate temperature and humidity delivered and the factors that may 
alter this relationship.
Results: We performed 279 hygrometric measurements at steady state 
including all conditions and concomitant heater plate, ambient and 
chamber temperature were recorded. We found a good correlation 
between heater plate temperature and absolute humidity delivered 
(R2 = 0.82). This relationship was hardly affected by ambient temper-
ature, but minute ventilation had more effect (Figure). For different 
minute ventilations, the correlation between heater plate temperature 
and absolute humidity delivered were very good with coefficient of 
determination R2 from 0.87 to 0.98 (Figure). Heater plate temperature 
above 62 °C was a very good predictor of absolute humidity delivered 
above 30 mgH2O/L (AUC = 0.96, sensibility 79%, specificity 94%). No 
correlation existed between humidity delivered and the outlet cham-
ber temperature (displayed on the humidifier).
Conclusion: In this bench study, we have shown a good correlation 
between heater plate temperature and humidity delivered with a 
heated wire humidifier. This parameter could be used as a surrogate of 
humidity to improve the humidification monitoring.
Compliance with ethics regulations: N/A.

Relationship between absolute humidity (mgH2O/L) delivered at the Y 
piece and heater plate temperature (°C) for different minute ventilation 
(from 5 to 15 L/min). The blue dotted lines represent the regression lines, 
the equations and the coefficient of d.
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Rationale: Providing gas humidification greater than 28   mgH2O/L is 
mandatory for patients with prolonged intubation, with either heat 
and moisture exchangers (HME) or heated humidifiers (HH). In patients 
requiring lung protective ventilation, HH is the first line humidification 
device to minimize dead space. When transporting these patients, it is 
important to use HMEs with low dead space and sufficient humidity 

delivered. In this study, we have evaluated hygrometric performances 
of 7 devices (4 HMEs and 3 filters) with low deadspace.
Patients and methods/Materials and methods: We tested on a 
bench, the hygrometric performances of four HMEs: BACT HME 6310 
(47  ml), Pharma system—DYNJAAHME10 (36  ml), Medline—HUMID 
VENT 2S (28 ml), Teleflex Medical—DAR HME small (51 ml), Medtronic 
and three Filters: HEPASHIELD (47 ml), Flexicare—AQUASURE (32 ml), 
Bomimed—DAR filter (36 ml), Medtronic. We have used psychromet-
ric method to measure hygrometry at steady state, with expiratory 
humidity of 35   mgH2O/L simulated as previously described. For each 
condition, 3 hygrometric measurements were performed with similar 
conditions for ambient air temperature 25 ± 0.5 °C, and ventilator set-
tings (respiratory rate 20/min, tidal volume 500 ml,  FiO2 21%, PEEP 5 
cmH2O, square flow 60 l/min). We compared data obtained on bench 
with data provided by manufacturers.
Results: We performed 3 hygrometric measures for each tested device 
and compared to the data provided by the manufacturers. Large dif-
ferences were shown between HME (from 29.2 to 25.4  mgH2O/L) and 
Filters (18.2 to 10.4   mgH2O/L). Large differences existed between 
humidity measured by the psychrometric method (our bench) and the 
data provided by the manufacturers (available for 6 devices). The main 
results are presented on the figure.
Conclusion: Several HMEs with small dead space provide sufficient 
gas humidity and may be used during transport for patients with lung 
protective ventilation. However, important differences were found in 
terms of humidification performances for small dead space HMEs and 
filters. For prolonged utilization, humidity delivered should be above 
28 mgH2O/L. For short-term utilization (few hours), it may be accept-
able to use HMEs with humidity delivered above 25 mgH2O/L, but fil-
ters without sufficient humidity must not be used. Data provided by 
manufacturers obtained with gravimetric method may not be reliable.
Compliance with ethics regulations: N/A.

Absolute Humidity according to manufacturer’s (white bars) and to 
humidity measurements with the psychrometric method (black bars) with 
small dead space HMEs (Humid Vent 2S, DYNJAHME10, Bact HME midi 
port 6310, DAR filter HME small) and small filters (Aqu.
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and orientation of an inhalation chamber into an adult ventilation 
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Rationale: Positioning the pressurized metered dose inhaler (pMDI) 
device on the inspiratory branch of a mechanical ventilation circuit 
is safer especially with a high internal volume spacer. Indeed, the 
volume of the device is added to the dead space. However, inserting 
the devices between the Y piece and the endotracheal tube could be 
convenient especially when using tubing bonded with Y piece. Tubing 
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dimensions are not the same depending on the position of the device 
on the circuit. inhaler devices conceived to be inserted into the inspir-
atory branch of an adult MV circuit can only be used oriented at the 
opposite as indicated in instructions for use (IFU) when devices are 
inserted between the Y piece and the endotracheal tube (ETT). Oth-
erwise, adapters are needed. This study aimed to evaluate the effect of 
position of two different inhaler devices and orientation of pMDI noz-
zle on drug delivery.
Patients and methods/Materials and methods: A ventilator was 
used in volume-controlled mode with adult respiratory parameters. 
The inhaler devices,  CombiHaler® (Laboratoire OptimHal) and a T 
adapter (Intersurgical) were inserted into two different positions: 1) 
in the inspiratory limb with the pMDI nozzle oriented to the patient 
and 2) between the ETT and the Y piece with the orientation reversed. 
Ten doses containing 100 µg of salbutamol were actuated in the pro-
totypes during inspiration. The delivered dose was collected on a filter 
inserted between the ETT and the test Lung.
Results: Results showed an equivalent drug delivery when 
 CombiHaler® is inserted in the inspiratory branch and between the 
ETT and the Y piece with orientation reversed. The drug dose delivered 
is higher when using the T adapter in the inspiratory branch in com-
parison with after the Y piece with the orientation reversed. The results 
could be explained by the high volume of the spacer which could 
keep the drug particles into the spacer and avoid impaction into the 
Y piece and tubings.
Conclusion: Using the spacer in the reverse orientation doesn’t seem 
to affect drug delivery while orientation of the aerosol spray with the T 
adapter has an impact on drug delivery.
Compliance with ethics regulations: N/A.
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Rationale: Nebulization is a common route of administration for med-
ications in ICU. For example, aerosols are fundamentals in association 
with non-invasive ventilation (NIV) for an exacerbations of chronic 
obstructive pulmonary disease (COPD). Nevertheless, nebulization 
practices are numerous, frequently led only by data from in vitro stud-
ies. To improve our practices, the AIM of this study is to evaluate the 
aerosol deposition when aerosols are realized during NIV or spontane-
ous breathing in an ex vivo preclinical model.
Patients and methods/Materials and methods: The ex vivo respira-
tory model, was previously validated (1), composed of a porcine respir-
atory tract (RT), placed in a sealed enclosure. Spontaneous breathing 
was performed through a head replica with facial mask or a NIV mask 
according to the condition. During NIV we used a medical ventila-
tor set in spontaneous breathing with pressure support; for the face 
mask an additional gas flow of 1  L/min or 6  L/min was used accord-
ing to manufacturer recommendations. The vibrating mesh nebulizer 
was filed with 99m-Technetium-labeled diethylene-triamine-penta-
acetic acid. We performed a gamma camera acquisition to quantify the 
deposited fractions in each part of the setting.
Results: The model was setup 3 times for each condition. The mean 
deposited fractions in each component lead to the Fig.  1. For NIV 
conditions, (PART A), they reached respectively (results express in 
% of nominal dose): 17% (± 6%) in RT, 3% (± 2%) in face mask, 26% 
(± 8%) in head replica, 14% (± 1%) in inspiratory limb and 22% (± 2%) 
in expiratory limb and pump filter with 18% (± 2%) of leaks. For face 
mask conditions with gas flow of 1 L/min then 6 L/min (PART B), they 
reached: 36% (± 8%) and 25% (± 3%) in RT, 36% (± 8%) and 20% 
(± 1%) in face mask, 21% (± 3%) and 21% (± 2%) in head replica with 
5% (± 2%) and 21% (± 0%) leaks.

Discussion: With vibrating mesh nebulizer, aerosols performed with 
face mask and smallest gas flow increased the deposited fractions in 
RT from 17% under NIV to 25% at 6 L/min 36% at 1 L/min. These results 
are in accordance with França et al. (2) who showed a deposited frac-
tion reduced of 50% in healthy volunteers when performing aerosols 
during NIV.
Conclusion: The ventilation mode and interface impact the aerosol 
deposition, other conditions being reproductive. The optimal condi-
tion using a facemask with gas flow of 1 L/min must be taken in con-
sideration by clinician to optimize nebulization practices when it is 
safe for patients.
Reference 1: Montigaud Y, Georges Q, Pourchez J, Leclerc L, Goy C, 
Clotagatide A, et al. Aerosol delivery during invasive mechanical venti-
lation: development of a preclinical ex vivo respiratory model for aero-
sol regional deposition. Sci Rep. 29 nov 2019;9(1):17930.
Reference 2: França EET, Andrade AFD de, Cabral G, Filho PA, Silva KC, 
Filho VCG, et al. Nebulization associated with Bi-level noninvasive ven-
tilation: Analysis of pulmonary radioaerosol deposition. Respir Med. 1 
avr 2006;100(4):721–8.
Compliance with ethics regulations: Yes in animal testing.

Figure 1: for PART A and PART B, results express in % of nominal dose, 
mean and standard deviation.
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Rationale: Pulse oximetry is daily used worldwide to measure  SpO2 in 
order to monitor and titrate oxygen support. We previously showed 
that four among the most frequently used oximeters have significant 
bias (systematic errors from − 3% to + 1%) and inaccuracy (random 
error) in comparison with the gold standard  SaO2. The main objective 
of this study was to highlight the impact of the oximeters’ variability 
on monitoring and clinical decisions in acutely ill patients.
Patients and methods/Materials and methods: We prospectively 
included 210 stable ICU patients with an arterial catheter in place. 
For all included patients, we compared  SpO2 values for each of the 
four evaluated oximeters (Nonin, Nellcor, Massimo and Philips) and 
concomitant  PaO2 and  SaO2 values from the arterial blood gases. 
When the patients met the criteria for hypoxemia  (SaO2 < 90% or 
 PaO2 < 60 mmHg), we evaluated which oximeter could detect hypox-
emia  (SpO2 < 90%). For each measurement, we evaluated for each 
oximeter when the oxygen support should be maintained even, 
increased or decreased to maintain a  SpO2 value between 92 and 96%.
Results: Mean age of the patients was 66.3 year, 73% were men, skin 
pigmentation was light (Fitzpatrick 1 or 2 in 96.2% of the patients). 
The  SpO2–SaO2 bias went from − 3.1% (Nonin), to + 0.9% (Philips) 
(P < 0.001). With Nellcor and Masimo, bias were − 0.3 (P < 0.03) and 
− 0.2% (P = 0.17) respectively. Nonin oximeter underestimated arte-
rial oxygenation in 91% of the cases but detected 100% of hypoxemia 
defined by  PaO2 < 60  mmHg. Philips overestimated oxygenation in 
55% of the cases but detected 11% of episodes of hypoxemia. Based 
on the oximeter used, the management of oxygen support to main-
tain the patients within a  SpO2 target of 92–96% differed a lot. To keep 
the patients within this SpO2 target, in the cohort of 210 patients, it 
would be required to increase oxygen in 60.6% vs. 19.1% vs. 18.7% vs. 
10.4% and to decrease oxygen in 1.0% vs. 6.2% vs. 9.1% vs. 20.9% of 
the cases (p < 0.0001) when using Nonin, Nellcor, Masimo or Philips 
oximeter respectively (see Figure).
Conclusion: The variability of  SpO2 measurements between oximeters 
has a significant impact on the monitoring and management of oxy-
gen support. The bias of each oximeter should be known by clinicians 
and  SpO2 targets should be adapted to the oximeter brand used by 
clinicians.
Compliance with ethics regulations: Yes in clinical research.

Figure: impact of oximeter on oxygen management to maintain a SpO2 
target between 92 and 96% (left panel) and impact with adapted SpO2 
target to the oximeter (right panel).
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Rationale: Pulse oximetry is a technology used regularly to monitor 
oxygen saturation and titrate oxygen needs. However, these machines 

are expensive, limiting access in universal health care especially in low-
income countries. In recent years, low-cost oximeters have become 
more available, but there is little validation on their effectiveness. In 
the main study, we examined the bias between different high-cost and 
two low-cost oximeters. The main goal of this study was to compare 
the accuracy and reliability between some low-cost and high-cost oxi-
meters to determine if low-cost oximeters can be adequate options in 
chosen situations.
Patients and methods/Materials and methods: This prospective 
study included 210 stable ICU patients with arterial catheter. Six oxi-
meters were evaluated including four high-cost (Nonin (Plymouth, 
MN), Massimo (Irvine, CA), Philips (Eindhoven, Netherlands) and 
Nellcor (Pleasanton, CA)), as well as two low-cost oximeters (Contec 
CMS50DL and Beijing Choice C20). The low-cost ones were chosen 
based on a previous study on accuracy of low-cost oximeters were 
only the Contec CMS50DL and Beijing Choice C20 met the Interna-
tional Organization for Standardization (ISO) criteria for accuracy. 
Comparisons between pulse oximeter readings  (SpO2) and arterial sat-
uration  (SaO2) were used to calculate bias  (SpO2–SaO2). Reliability of 
each oximeter was evaluated by the percentage of times the oximeter 
could give a reading.
Results: Mean arterial saturation was 93.6%. High-cost oximeters had 
a mean bias between -3.1% with Nonin and 0.9% with Philips. In com-
paration, low-cost oximeters had a bias of − 2.9% for Contec CMS50DL 
and − 0.8% for Beijing Choice C20. While the majority of high-cost oxi-
meter (Nellcor, Massimo, Philips) had a bias less than ± 1.0%, only Bei-
jing Choice C20 had similar result. However, low-cost oximeters were 
less reliable than high-cost ones with Beijing Choice C20 giving read-
ings 92.9% of the times vs high-cost oximeters giving readings > 97% 
of the times (See figure).
Conclusion: We found that some low-cost oximeters can have a simi-
lar accuracy with high-cost oximeters in some clinical settings. These 
low-cost oximeters could help giving more access to universal health 
care, especially in low-income countries.
Reference 1: Lipnick MS, Feiner JR, Au P, Bernstein M, Bickler PE. The 
Accuracy of 6 Inexpensive Pulse Oximeters Not Cleared by the Food 
and Drug Administration: The Possible Global Public Health Implica-
tions. Anesth Analg. 2016 Aug;123(2):338–45. https:// doi. org/ 10. 1213/ 
ANE. 000
Compliance with ethics regulations: Yes in clinical research.
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Rationale: COVID-19-related acute respiratory distress syndrome 
(CARDS) requiring invasive mechanical ventilation (IMV) is gener-
ally associated to a prolonged length of IMV and to a poor prognosis. 
Adapting IMV management according to patients’ elastic properties is 

https://doi.org/10.1213/ANE.000
https://doi.org/10.1213/ANE.000
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mandatory to help reduce mortality. The aim of the study is to describe 
IMV management as in ventilator settings and parameters and trends 
in the management of CARDS requiring IMV.
Patients and methods/Materials and methods: This is a descrip-
tive retrospective study carried out in a 12-bed medical intensive care 
unit (MICU) of a University Hospital from March 2020 to September 
2021. All patients admitted for a critical CARDS requiring IMV were 
included. Data on patients’ characteristics at ICU admission, clinical 
presentation, ARDS and COVID-19 severity, ventilatory management, 
ventilatory settings, airways pressures, compliance, oxygenation 
index[(Plateau  *   FiO2  *  100)/PaO2)], ventilatory ratio [[VR = (Minute 
ventilation  *   PaCO2)/(Predicted body weight  *  100  *  37.5)]] and out-
comes were collected. Evaluation was carried out at H1 post-intuba-
tion, day5 and day10, at a fixed time. This is the second paper of the 
database served to inquire about several aspects of CARDS.
Results: During the study period, a total of 214 patients underwent 
IMV for CARDS; 200  (93.5%), severe to critical COVID-19. They were 
median aged 67.5  [59.75–73] y; male, 146  (68.2%); Hypertension, 
106  (49.5%); diabetes, 104  (48.6%) and obesity, 89  (41.6%). Moder-
ate ARDS, 69  (32.2%); severe ARDS, 141  (65.9%); median P/F ratio at 
admission, 95  [77–132]; moderate to severe acute respiratory failure 
185  (86.4%); median SAPSS II, 33  [27–38]. Chest-CT scan was per-
formed in 114 (53.3%) patients showing 68 (59.6%) with at least 50% 
of lesion extension. Table  1 displays trends in ventilator settings and 
physiological parameters at H1, day 5 and day 10. Overall mortality 
rate was 180 (84.1%).
Conclusion: Albeit poor outcome in mechanically ventilated CARDS 
patients, management was mostly in line with ARDS guidelines, how-
ever, trends seem to show progressive worsening of patient elastic 
properties.
Compliance with ethics regulations: Yes in clinical research.

Trends in ventilator settings and physiological parameters
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Rationale: identify the characteristics of hospitalized patients and 
bring out the seriousness factors concerning COVID-19.
Patients and methods/Materials and methods: This observational, 
descriptive and retrospective study concerned 100 cases of SARS/

COV2 infections from December 2021 to the present day, hospitalized 
in the pneumo-phtisiology department.
Results: The average age of the cases admitted to the study was 
62 years with a male predominance (60%), the 2 most frequent comor-
bidities were respectively hypertension (44%) and diabetes (18%). 
Unvaccinated patients were 60% of cases, no patient had a history of 
COVID-19 disease. Family exposure represented 55% of cases, while 
occupational exposure was found in only 11% of cases. The involve-
ment on chest CT was estimated at less than 10% in 3% of cases, 
between 10 and 25% in 15% of cases, between 25 and 50% in 40% of 
cases, between 50 and 75% in 28% of cases, and above 75% in 9% of 
cases. Lymphopenia was present in 93% of patients, CRP was elevated 
in 97% of patients. D. dimers were elevated in 52% of patients. Renal 
involvement was observed in 22% of patients. Cytolysis was present 
in 19% of hospitalized patients. Deaths accounted for 18% of hospital-
ized patients, half of whom were vaccinated.
Conclusion: Viral infection by the coronavirus is a new pathology 
with clinical manifestations of varying severity, digestive manifesta-
tions were more frequent in the series studied. Familial exposure was 
frequent. Inflammatory syndrome is common causing lesional pulmo-
nary edema in some patients.
Reference 1: Wu Y, Ho W, Huang Y, Jin D-Y, Li S, Liu S-L, et  al. SARS-
CoV-2 is an appropriatename for the new coronavirus. Lancet 2020; 
395 (10,228): 949–50.
Reference 2: Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et  al. A 
novel coronavirus from patients with pneumonia in China, 2019. N 
Engl J Med 2020; 382 (8):727–33.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Patients with COVID-19 who have underlying chronic 
lung disease (ULD) are at increased risk for developing a severe illness 
related to the disease. However, to date, few studies have been pub-
lished about patients with ULD. The aim of this study was to evaluate 
the impact of ULD on clinical characteristics, adverse outcomes, and 
mortality in patients with critical COVID-19.
Patients and methods/Materials and methods: It was a retrospec-
tive comparative cohort study including all patients hospitalized in 
ICU for COVID-19 between March 2020 and September 2021. Two 
groups were studied according to the presence or absence of ULD. 
Primary outcomes were the use of mechanical ventilation (MV), ICU 
length of stay (LOS), and death.
Results: We included 148 patients of whom 102 were male (ULD 
group, n = 74 versus no ULD group, n = 74). ULD corresponded to 
sleep apnea (SA; n = 12), chronic obstructive pulmonary disease 
(COPD; n = 31), asthma (n = 20), diffuse interstitial lung disease (n = 3), 
bronchiectasis (n = 4) and COPD/SA (n = 2). Long-term oxygen or 
home MV were required in 11 cases. Obesity was more frequent in ULD 
group (45% vs 39%; p = 0.01). COVID clinical presentation was simi-
lar between both groups (cough, dyspnea, struggle signs, respiratory 
rate, digestive signs, myalgia, anosmia). Pulmonary lesions on the first 
thoracic CT-scan performed during hospitalization were significantly 
more extensive in the no ULD group (p = 0.05). Ventilator parameters 
and lung mechanics were similar between both groups (Table 1). The 
occurrence of ARDS, thrombo-embolic events, and septic shock was 
comparable between both groups. Requirement and duration of MV 
did not differ (55% vs 45%; p = 0.25 and 7.84 vs 8.97  days; p = 0.52, 
respectively), but mortality rate was significantly higher in ULD group 
(n = 47, 63.5% vs n = 31, 41.9%; p = 0.008).
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Conclusion: Unexpectedly, we didn’t find any major differences 
regarding the clinical presentation, severity scores at ICU admission, 
and the MV requirement between critical COVID-19 patients with ULD 
versus without ULD. However, the severity of CT scan injury and res-
piratory parameters were greater in the no ULD group. The mortality 
rate was more marked in the ULD group.
Compliance with ethics regulations: Yes in clinical research.

Table 1: comparison of ventilator parameters and lung mechanics 
between both groups.
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Rationale: The aim of this study was to describe the epidemiologi-
cal and clinical characteristics of patients with SARS CoV2 pneumonia 
mechanically ventilated admitted to an ICU of a general care center in 
France and to identify risk factors associated with mortality.
Patients and methods/Materials and methods: We performed a 
prospective cohort study of patients admitted to the ICU from March 
2020 to February 2022 for SARS CoV2 pneumonia and mechanically 
ventilated.
Results: During the study period, we included 143 patients and the 
mortality rate was 51% (n = 72). Median ICU stay was 16 (1–149) days 
and median delay to ICU hospitalization was 8 (1–24) days. Median 
age was 62 (29–84), sex ratio M/F was 1.94 and median SAPS was 33 
(18–75). Median BMI was 30 (19–68). 64% of patients had hypertension 
(n = 91) and 42% (n = 60) were diabetic. Patients presenting an acute 
kidney failure were 36% (n = 51) and 26% of them (n = 37) needed a 
renal replacement therapy. 82% of patients (n = 117) had non-invasive 
ventilation and 79% (n = 113) had high flow nasal oxygen as first-line 
therapy. Median duration of ventilation was 12  days (1–47), 47% of 
patients (n = 67) were extubated and 7.7% (n = 11) needed ECMO. 85% 
(n = 122) needed at least one prone position session. 85% of patients 
(n = 122) needed catecholamines. 73% of the patients (n = 105) had 
ventilatory acquired pneumonia, 17% (n = 25) had thrombotic compli-
cations while 23% (n = 33) had hemorrhagic complications. 37% of the 
patients (n = 53) received dexamethasone 6 mg/day for 10 days, 37% 
(n = 53) received dexamethasone 0.1 mg/kg/days for 10 days and 15% 
(n = 22) of them received bolus of methylprednisolone 250 mg/day for 
3 days as rescue therapy. Tocilizumab was administrated to 9.8% of the 
patients (n = 14). In the univariate analysis, risk factors associated with 
mortality were age, hypertension, SAPS II, AKI, chronic renal disease, 
the use of catecholamines and hemorrhagic complications. In the mul-
tivariate analysis, only age (OR 1.09 [1.04; 1.14], p < 0.001) was associ-
ated with mortality.
Conclusion: The mortality of patient mechanically ventilated with 
SARS CoV 2 pneumonia associated is very high. Others studies are nec-
essary to determine risk factors associated with mortality.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: During COVID-19 pandemic, high-flow nasal cannula 
therapy (HFNC) has been proposed as a ventilation device aiming to 
improve oxygenation and respiratory mechanic. However, its effective-
ness has not been clearly demonstrated in terms of secondary need to 
invasive ventilation and reduction of morbidity and mortality. Our aim 
was to evaluate the efficacy and safety of HFNC in the management 
of non-hypercapnic acute respiratory failure secondary to SARS-CoV-2 
infection.
Patients and methods/Materials and methods: Prospective, 
monocentric, interventional study conducted in the medical inten-
sive care unit (ICU) of Zaghouan, Tunisia over 18  months (March 
2020–September 2021). Patients admitted for non-hypercapnic 
acute respiratory failure secondary to SARS-CoV-2, aged over 
18  years, were included. Two groups were identified G1 = patients 
who received HFNC alone or in combination with other non-
invasive ventilation device and group G2 = patients who received 
conventional oxygen therapy in combination with non-invasive 
ventilation. We compared demographics, clinical, paraclinical and 
evolutionary data.
Results: 181 patients were included. HFNC was used in 111 
patients (61.3%). It was associated with non-invasive ventilation 
and awake prone position in 83% and 92% of cases respectively. 
On admission, the two groups were comparable in terms of demo-
graphic characteristics, clinical presentation and initial severity. 
Mean P/F ratios were 152 and 139  mmHg respectively (p = 0.08). 
Comparison of outcome parameters showed that G1 patients need 
less likely invasive mechanical ventilation (27% vs 56.4%, p = 0.002) 
and developed fewer healthcare-associated infections and baro-
trauma (42.1% vs 62%, p = 0.03; 12% vs 22%, p = 0.03). Mortality 
was significantly lower in G1 (22% vs 39%; p = 0.02). Duration of 
total mechanical ventilation was comparable between two groups 
but length of ICU stay was longer in G1. Occurrence of pulmonary 
fibrosis was more frequent in G1 (18% vs 6%, p = 0.02). Multivariate 
analysis showed that use of HFNC was a protective factor against 
need to invasive ventilation (OR = 0.42; 95% IC [0.3–0.7], p = 0.03) 
and healthcare-associated infections (OR = 0.8; 95% IC [0.1–0.7], 
p = 0.04).
Conclusion: In this preliminary study, it appears that HFNC seems 
beneficial in severe COVID-19 patients. Further studies are needed to 
confirm these findings.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The use of high-flow nasal oxygen therapy (HFNO) as first-
line support ventilatory might be associated with lower intubation 
rate in critically-ill COVID-19 patients. However, risk factors of HFNO 
failure remain to be determined.
Patients and methods/Materials and methods: In this retrospec-
tive study, we included all consecutive COVID-19 patients admitted in 
our 24-bed intensive care unit (ICU) in the first (March–May 2020) and 
second (August 2020–February 2021) pandemic waves. Patients with 
limitations for intubation were excluded. Risk factors of HFNO failure 
were identified through a landmark time-dependent cause-specific 
Cox model. The ability of the 6-h ROX index to detect HFNO failure was 
assessed by generating receiver operating characteristic (ROC) curve. 
The impact of HFNO use was analyzed in the whole cohort and after 
constructing a propensity score. The relationship between HFNO use 
and risk of intubation was assessed with a Cox cause-specific analysis.
Results: Overall 200 patients were included: HFNO was used in 
114(57%) patients, non-invasive ventilation (NIV) in 25 (12%) patients 
and 145 (72%) patients were intubated with a median delay of 0 
(0–2) days after ICU admission. Patients with HFNO were older and 
less severe than those without HFNO and 78 (68%) had HFNO fail-
ure. Patients with HFNO failure had a higher ICU mortality rate (34 vs 
11%, p = 0.02) than those without. At landmark time of 48 and 72 h, 
SAPS-2 score, extent of CT-Scan abnormalities > 75% and HFNO dura-
tion (CSH = 0.11, 95% CI (0.04–0.28), per + 1 day, p < 0.001 at 48 h and 
CSH = 0.06, 95% CI (0.02–0.23), per + 1  day, p < 0.001 at 72  h) were 
associated with HFNO failure. The 6-h ROX index was lower in patients 
with HFNO failure but could not reliably predict HFNO failure with 
an area under ROC curve of 0.65 (95%CI (0.52–0.78), p = 0.02). In the 
matched cohort, there was a negative association between HFNO use 
and the risk of intubation (CSH = 0.32, 95% CI (0.19–0.57), p < 0.001).
Conclusion: In critically-ill COVID-19 patients, while HFNO use as first-
line ventilatory support was associated with a lower risk of intubation, 
more than half of the patients had HFNO failure. The risk of HFNO fail-
ure could not be predicted by the 6-h ROX index but decreased after a 
48-h HFNO duration.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: SARS-CoV-2 pneumonia is responsible for unprecedented 
numbers of acute respiratory failure requiring invasive mechanical 
ventilation (IMV). We aimed to assess whether adding face-mask non-
invasive ventilation (NIV) to high-flow nasal oxygen (HFNO) was asso-
ciated with a reduced need for endotracheal intubation.
Patients and methods/Materials and methods: This retrospective 
cohort study was conducted from July 2020 to January 2021 in two 
tertiary care intensive care units (ICUs). Patients admitted for labora-
tory confirmed SARS-CoV-2 infection with acute hypoxemic respira-
tory failure requiring HFNO with or without NIV were included. The 
primary outcome was the rate of endotracheal intubation. Secondary 
outcomes included day-28 mortality, day-28 respiratory support and 
IMV free days, ICU and hospital length-of-stay. Sensitivity analyses with 
both propensity score matching and overlap weighting were used.

Results: 128 patients were included, 88 (69%) received HFNO alone 
and 40 (31%) received additional NIV. Additional NIV was associ-
ated with a reduced rate of endotracheal intubation in multivariate 
analysis (53 (60%) vs 15 (38%), HR = 0.46 (95% CI, 0.23–0.95), p = 0.04) 
(Fig.  1). Sensitivity analyses by propensity score matching (HR = 0.45 
(95%IC, 0.24–0.84), p = 0.01) and overlap weighting (HR = 0.52 (95% CI, 
0.28–0.94), p = 0.03) were consistent. Day-28 mortality was 25 (28%) 
in the HFNO group and 8 (20%) in the NIV group (HR = 0.75 (95%CI, 
0.15–3.82), p = 0.72). NIV was associated with higher IMV free days (20 
(0–28) vs 28 (14–28), p = 0.015). All sensitivity analyses were consistent 
regarding secondary outcomes.
Conclusion: Need for endotracheal intubation was lower in critically-
ill SARS-CoV-2 patients receiving face-mask noninvasive mechani-
cal ventilation in addition to high-flow oxygen therapy. Further 
prospective trials are needed before this treatment can be generally 
recommended.
Compliance with ethics regulations: Yes in clinical research.

Figure 1. Cumulative incidence of intubation to day 28 in the high-flow 
nasal oxygen only and the additional face-mask noninvasive ventilation 
groups. Hazard ratio from a Cox model multivariate analysis in the whole 
population was 0.46 (95%CI, 0.23–0.95),
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Rationale: Weaning units have shown their value in the manage-
ment of tracheostomized patients after prolonged intensive  care1. The 
global and multidisciplinary approach contributes to accelerate and 
improve  weaning2. The objective of this study is to describe the results 
of weaning and decannulation in these patients.
Patients and methods/Materials and methods: This is a retrospec-
tive, descriptive study in a respiratory weaning unit over the year 2021. 
All patients hospitalized in the weaning unit were included. Demo-
graphic characteristics and weaning unit outcomes were collected. All 
inpatients with complete data were analyzed. The analysis was com-
pleted by a subgroup analysis of patients on 24-h spontaneous venti-
lation at admission and patients still with mechanical ventilation (MV) 
at admission (intermittent or continuous).
Results: In 2021, 144 patients were admitted. A total of 134 patients 
were analyzed with male 70%, age 63 ± 12 years, COVID 70%. The main 
diagnosis of admission on intensive care unit was acute respiratory 
failure in 84%. The goal of admission on weaning unit was: ventilatory 
and tracheostomy weaning in 63% and tracheostomy weaning in 37%. 
On admission, patients were on 24-h spontaneous ventilation in 34% 
(n = 46) and on mechanical ventilation in 66% (n = 88): 66% intermit-
tent MV (n = 58); 34% continuous MV (n = 30). In overall patients, 24-h 
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spontaneous ventilation was achieved in 8.4 ± 12.8  days, decanula-
tion in 20.4 ± 15 days and the length of stay was 30.7 ± 18.3 days. The 
overall decanulation success rate was 88%. Subgroup analyses are pre-
sented in Table 1.
Conclusion: Patients with prolonged intensive care and complex 
medical needs treated at a specialized weaning unit had high quality 
weaning and decannulation rates. This was achieved with a multidisci-
plinary team approach to continued intensive care and simultaneous 
rehabilitation with physiotherapists, speech therapists, nutritionists… 
Cares in a weaning unit remains relevant despite a prolonged stay in 
ICU during this COVID period.
Reference 1: Boles JM, Bion J, Connors A, Herridge M, Marsh B, Melot 
C, Pearl R, Silverman H, Stanchina M, Vieillard-Baron A, Welte T. Wean-
ing from mechanical ventilation. Eur Respir J. 2007 May;29(5):1033–56.
Reference 2: Nelson JE, Cox CE, Hope AA, Carson SS. Chronic critical 
illness. Am J Respir Crit Care Med. 2010 Aug 15;182(4):446–54.
Compliance with ethics regulations: Yes in clinical research.

Table I Subgroup analysis. 24-h SV adm: 24-h spontaneous ventilation on 
admission; VM (i + c) adm: mechanical ventilation (intermittent + con-
tinuous) on admission; MVi adm: intermittent mechanical ventilation on 
admission; MVc adm: continous mech.
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Rationale: Two years after the first wave of the SARS-CoV-2 epidemic 
in France, the pandemic is still active, but data about the long-term 
consequences of the pulmonary function are limited.
In this context, we have carried out an evaluation of the pulmonary 
function of patients who survived severe ARDS secondary to SARS-
CoV-2 infection, 1 year after their hospitalization.
Patients and methods/Materials and methods: We have carried 
out a single-center prospective and descriptive cohort study with 
patients who survived severe ARDS during the first wave of the pan-
demic between the months of March to April 2020. This study took 
place from April 2021 to July 2021. The patients included in this study 
had required a prolonged stay (more than seven days) in intensive 
care unit and were under mecanical invasive ventilation for more than 
three days during the first wave of the pandemic. The main goal was 
to assess the lung function. The assessment included a chest CT-scan, 
pulmonary function tests, a 6-min walk test, and an evaluation of 
patient’s quality of life depending on their respiratory symptoms using 
the St George’s respiratory survey. The patients were hospitalized for a 
day in the center for these exams.
Results: 30 patients were included in the study, of which 8 patients 
were under veno-venous ECMO during their hospitalization.
The chest CT-scans revealed few ground-glass opacities, with a median 
scanographic severity score of 1 out of 25 [IQR 0–2.5]; 43% of the CT-
scans were normal. On the pulmonary function tests 32% of patients 
had restrictive ventilatory defects, and 45% of patients had diffusing 
capacity of the lungs for carbon monoxide impairment. The impact on 
functional abilities assessed by the six-minute walk test resulted in a 

distance traveled less than normal in 33% of patients. The results of 
the St George’s Hospital survey showed that quality of life was altered, 
with results similar to those of ARDS survivors.
Conclusion: This is the first cohort study assessing long-term res-
piratory sequelae only patients who suffered from severe COVID-19 
infection, 1 year after ICU discharge. The majority had abnormal lung 
function tests and residual parenchymal abnormalities on CT scans. 
Diffusing capacity of the lungs for carbon monoxide and total lung 
capacity were impaired in one-third of patients. Limitation of physical 
activity has been documented. Despite, they were autonomous and 
living at home, which is encouraging for the functional prognosis of 
patients with severe forms of COVID-19.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The failure of extubation defined by the need for reintuba-
tion of the patient less than 72 h later is correlated with excess mor-
tality as well as an increase in the length of stay in intensive care, this 
failure is often due to the occurrence acute respiratory failure after 
extubation.
Patients and methods/Materials and methods: In order to assess 
the impact of non-invasive prophylactic intermittent ventilation on 
the frequency of occurrence of post-extubation respiratory distress, 
a comparative, descriptive, single-center and randomized study was 
conducted in a medical intensive care unit over a period of 2  years 
(2018–2020). 73 patients hospitalized in intensive care, put on invasive 
mechanical ventilation for more than 24  h and extubated after hav-
ing tolerated the spontaneous ventilation challenge well, were rand-
omized to receive non-invasive intermittent ventilation for 24  h in a 
group then conventional oxygen therapy and in another group con-
ventional oxygen therapy alone. The primary endpoint was the occur-
rence of respiratory distress after extubation.
Results: The results allowed us to observe a significant decrease in the 
occurrence of post-extubation respiratory distress in patients in the 
NIV group compared to patients in the conventional oxygen therapy 
group (7.9% VS 28.6%; P = 0.02), as well as a reduction in the reintuba-
tion rate (7.9% in the NIV group versus 20% in the oxygen only group; 
p = 0.13). The length of stay in the intensive care unit was longer in 
patients who presented with acute respiratory failure (25.77 ± 5.0 days 
in the respiratory distress group versus 15.37 ± 0.85 days in the group 
without respiratory distress; p = 0.001) but without significant dif-
ference between the NIV group and the conventional oxygen group, 
p = 0.64. Post-extubation respiratory distress was correlated with sig-
nificant excess mortality with 46.2% mortality in the group of patients 
who presented with respiratory distress after extubation versus no 
death in the group of patients who did not develop this complication, 
p < 0.001. In contrast, we did not notice a significant difference in mor-
tality between the two study groups.
Conclusion: Our study has made it possible to highlight all the inter-
est that NIV can bring in the period following the planned extubation 
of patients in intensive care, by demonstrating a significant reduction 
in the frequency of occurrence of acute respiratory failure after extu-
bation, the reduction in the rate of reintubation as well as the shorten-
ing of the length of stay in intensive care.
Reference 1: Xu Z, Li Y, Zhou J, Li X, Huang Y, Liu X, et  al. High-flow 
nasal cannula in adults with acute respiratory failure and after extuba-
tion: a systematic review and meta-analysis. Respir Res. 2018;19(1):202.



Page 118 of 167Annals of Intensive Care  2022, 12(Suppl 1):54

Reference 2: Zhu Y, Yin H, Zhang R, Ye X, Wei J. High-flow nasal can-
nula oxygen therapy versus conventional oxygen therapy in patients 
after planned extubation: a systematic review and meta-analysis. Crit 
Care. 2019;23(1):180.
Compliance with ethics regulations: N/A.
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Rationale: Severe COVID-19 often leads to prolonged stay in the ICU. 
Survivors may experience physical and psychological sequelea. The 
impact on relatives is also considerable. The aim of this study is to eval-
uate physical and psychological condition of severe COVID-19 patients 
1 year after ICU discharge and to assess the psychological impact on 
their relatives.
Patients and methods/Materials and methods: All consecutive 
patients admitted to the ICU for COVID-19 related ARDS from March 
5th to November 21st 2020 were included in our post-ICU follow-up 
program, if their ICU stay was ≥ 7 days. They were invited to attend a 
post-ICU consultation, which consisted of a 2-h face to face meeting 
with a senior ICU physician and an ICU nurse. Before the consultation, 
they were asked to complete four self-evaluation questionnaires: Hos-
pital Anxiety and Depression scale (HADS), Revised Impact of Event 
Scale (IES-R), Short-Form General Health Survey (SF-12) and Inconforts 
des Patients de REAnimation (IPREA). In addition, a CT-scan and basic 
laboratory tests were performed before the consultation. Patients 
were invited to be accompanied by a close relative, who was also 
invited to fill HADS and IES-R questionnaires.
Results: Among the 170 patients admitted to the ICU, 127 patients 
survived to the hospital and 81 met inclusion criteria. Twenty-five 
patients did not respond or declined. The remaining 56 patients 
attended the consultation. The median age was 66 (IQR 57–71), 
79% had been mechanically ventilated. Duration of ICU and hospi-
tal (including rehabilitation) stays were 19 (IQR 12–26) and 49 (IQR 
26–64) days respectively. Severe symptoms of anxiety, depression 
and PTSD are reported on table 1. The most frequently reported dis-
comforts were limited visiting hours, sleep deprivation, anxiety, being 
tied down and noise. Fifty-nine percent of the patients resumed their 
hobbies at 1  year. Five (28%) of the 18 pre-ICU employed patients 
fully returned to work. Shortness of breath was reported by 64% of 
the patients, although among the 42 CT scan performed, only 7 (16%) 
showed persistent abnormalities. Symptoms of fatigue were reported 
by 63% of the patients, and physical functioning was reduced with a 
physical component of SF-12 score at 44.
Conclusion: One year after their ICU discharge, the psychological 
impact of severe COVID-19 for patients treated in the ICU is high, and 
is even higher for relatives. A majority of patients present still with per-
sistent respiratory symptoms although most of them have a lung CT 
scan normal.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: During the COVID-19 pandemic, the world has seen an 
increase in the number of critically ill patients who required invasive 
mechanical ventilation (IMV). Ventilation is certainly a challenge and 
tracheostomy was one of the management strategies.
Patients and methods/Materials and methods: We reviewed the 
medical records of all patients admitted to our intensive care, between 
April 01, 2020 and August 31, 2021, suffering from acute respiratory 
syndrome due to SARS COV2 and requiring tracheostomy after IMV. 
The objective was to determine the rate as well as the clinico-epidemi-
ological profile of tracheotomized patients.
Results: A total of 96 patient admitted during this period. Fourteen 40 
(41%) had acute respiratory failure and needed IMV support. Ten (25%) 
had a tracheostomy, they were predominantly male (55%) with mean 
of age 70+ − 15 years and all having at least one comorbidity. Mean 
SAPSII score on ICU admission was 34+ − 16. The average time from 
endotracheal intubation to tracheostomy was 20+ − 8 days. Failure to 
weaning (50%) was the most common indication, followed by respira-
tory failure (30%), hypersecretion (10%), and neuromyopathy (10%). 
50% were liberated from ventilator, 20% have been decannulated 
and all patient have been discharged alive. Here we have opted open 
surgical technique. Two episodes of local bleeding were observed. No 
transmission has occurred among health workers.
Discussion: Several previous studies have shared their experiences 
and have shown that tracheostomy done in the correct manner is 
safe for the health care workers and provides good recovery for the 
severely ill with SARS-COV2 pneumonia.
Conclusion: Use of tracheostomy can be adopted as essential clinical 
strategy for managing critical ill patients with SARS COV 2 pneumonia 
who require IMV.
Reference 1: Tiffany N. Chao et  al. Outcomes after tracheostomy in 
COVID-19 patients. Ann Surg 2020;272:e181–e186.
Reference 2: Zhou F, et al. Clinical course and risk factors for mortal-
ity of adult In patients with COVID-19 in Wuhan, China: a retrospective 
cohort study. Lancet. 2020;395:1054–1062.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The COVID-19 pandemic took the world by storm defying 
physicians in many aspects; going from health systems responsive-
ness to diagnosis and treatment, especially with the introduction 
of concepts such as “happy hypoxemia” that modulated intensivists’ 
approach to ventilatory management. The aim of the present study is 
to describe clinical features, ventilatory management and outcomes of 
critically ill adults admitted for COVID-19 related ARDS.
Patients and methods/Materials and methods: This is a descrip-
tive retrospective study carried out in a 12-bed medical intensive care 
unit (MICU) of a University Hospital from March 2020 to September 
2021. All patients admitted for a critical COVID-19 related ARDS were 
included. Data on patients’ characteristics at ICU admission, clinical 
presentation, ARDS and COVID-19 severity, ventilatory management, 
ventilatory settings, airways pressures and outcomes were collected. 
The database served to inquire about several aspects of COVID-19 
related ARDS that will be discussed through a series of studies.
Results: During the study period, 442 patients were admitted for 
COVID-19 pneumonia, 409 (92.6%) presenting severe to critical COVID-
19. They were aged 64 [54–71] years; male, 279 (63.1%); had hyper-
tension, 197 (44.6%); diabetes mellitus, 187 (42.3%), and obese 172 
(38.9%). At admission, moderate to severe acute respiratory failure, 
340 (76.9%); median SAPS II, 28 [22–35]; moderate to severe ARDS, 400 
(90.5%); mean P/F ratio, 114 [84–157]. Chest CT-scan performed in 268 
(60.6%) patients, 163 (60.8%) had more than 50% of pulmonary paren-
chyma lesions. Ventilatory support was required in 439 (99.3%); imme-
diate IMV at admission, 33 (7.5%); HFNC, 334 (77.8%); median HFNC 
duration, 4 [2–7] days; NIV and CPAP as rescue therapy to avoid intu-
bation, respectively, 52  (11.8%); 10 (2.2%), median NIV starting day, 
day 1 [0–2]; median NIV duration, 2 [1–33] days; CPAP starting day, day 
3 [1–3]; median CPAP duration, 2 [1–4] days. Non invasive procedures 
failure rate, 41.2%; median delay of intubation, 3 [2–5] days; overall 
IMV, 215 (48.6%); median overall IMV starting day, day 2 [1–4]; median 
IMV duration, 8 [5–12] days. Overall mortality was at 211 (47.7%), 130 
(37.8%) for patients on HFNC, 93 (72.7%) when patients were switched 
to NIV and 180 (83.72%) when on IMV.
Conclusion: The present study demonstrated a poor prognosis in 
mechanically ventilated patients with COVID-19 related ARDS. HFNC 
was prioritized for most patients. NIV was used as a rescue therapy in 
an attempt to avoid intubation.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The SARS-CoV-2 induces both systemic and localized 
immune response leading to increased inflammation. Severe pulmo-
nary lesions in SARS-Cov-2 ARDS have been found to be associated 
with severe inflammatory cell infiltration and elevated pro-inflamma-
tory cytokines (1). Dexamethasone decreases mortality in patients 

with severe coronavirus disease 2019 (COVID-19) and has become the 
standard of care (2). The role of dexamethasone in the high incidence 
of ventilator-associated pneumonia observed in intensive care units 
(ICUs) deserves to be investigated.
Patients and methods/Materials and methods: We conducted a 
retrospective study in an intensive care unit including critically ill 
patients with confirmed SARS-COV2 infection between January 2021 
and December 2021. We compared two different doses of dexametha-
sone (6 mg×3 per day versus 6 mg per day) given intravenously over 
10  days. Secondary, our population was divided into two groups: 
those who received 6 mg * 3 (group 1) and those who received only 
6 mg (group 2). These two groups were matched on age, gender, SAP-
SII and APACHE scores, severity of acute respiratory distress syndrome 
on admission and clinical severity.
Results: We evaluated 323 patients with COVID-19 admitted to our 
institution. The median age was 57 [25–85] years and 53.6% of the 
patients were male. Among these patients, 37.3% had hyperten-
sion, 33.1% had diabetes and 12.1% had chronic lung disease. On 
admission, all patients presented respiratory distress with CT injury 
superiors to 50% in 49.7% of patients. 57.7% patients were intubated 
during hospitalization. ICU length of stay was 9 ± 8  days. ICU mor-
tality was 45%. All patients received dexamethasone. 77.2% were 
included in group 1 and 20.5% patients in group 2. There was no dif-
ference in acute kidney injury rate (17.6% vs. 3.4%; p = 0.275) or the 
need of mechanical ventilation (59.5% vs 45.4%; p = 0.11) between 
the two groups. We noticed a higher incidence of nosocomial infec-
tion without signification (61.1% vs 45.8%; p = 0.095). However, in the 
high dose dexamethasone group, we contented a higher rate of mor-
tality not significant (48.3% vs. 29.1%; p = 0.059). Besides, we noted 
more hyperglycemia and hypokalemia in the group 1 ((53% vs. 34%; 
p = 0.04), (12% vs. 6%; p = 0.039)).
Conclusion: Different doses of corticosteroids seem to increase the 
rate of nosocomial infection and do not affect mortality. However, the 
high-dose group patients had more metabolic complications.
Reference 1: Maskin LP, Olarte GL, Palizas F, Velo AE, Lurbet MF, Bonelli 
I, et al. 26 août 2020;21.
Reference 2: J Biol Regul Homeost Agents. août 2020;34.
Compliance with ethics regulations: Yes in clinical research.

FC‑163 
The impact of solumedrol in patients with COVID‑19 related acute 
respiratory distress syndrome (ARDS)
SDIRI  Ines1, FITOUHI  Nizar1, DRIDI  Amira1, DORGHAM  Sana1, OUERGHI 
 Sonia1, MESTIRI  Tahar1

1Hôpital ariana abderahmen memi, Sfax, Tunisie 
Correspondence: Ines SDIRI (sdiri.ynes@gmail.com)
Annals of Intensive Care 2022, 12(1):FC-163

Rationale: Coronavirus disease 2019 (Covid-19) is associated with dif-
fuse lung damage. Glucocorticoids may modulate inflammation-medi-
ated lung injury and thereby reduce progression to respiratory failure 
and death. The aim of our study was to evaluate the impact of methyl-
prednisolone boli (1) on the prognosis of patients admitted to the ICU 
for covid 19 pneumonia.
Patients and methods/Materials and methods: A retrospective 
study in intensive care unit of circumstance hospital over the period 
from January to September 2021. All admitted patients were systemat-
ically put on dexamethasone intravenously for 10 days, some of them 
had a stagnant respiratory status during the hospitalization, received 
a bolus of solumedrol 5  days in a row, at a dose of 250  mg/day and 
followed by hydrocortisone hemisuccinate at a dose of 1  mg/kg/day 
of methylprednisolone equivalent with progressive digression over 
15 days, according to the clinician’s judgement, ensuring the absence 
of concomitant infection. Secondary, our population was divided into 
two groups: those who received solumedrol (group 1) and those who 
received only dexamethasone (control group). These two groups were 
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matched on age, gender, SAPSII and APACHE scores, severity of acute 
respiratory distress syndrome on admission and clinical severity.
Results: Our study population included 82 patients, 41 in each 
group. The two groups were matched for age (p = 0.9), gender 
(p = 1), and different comorbidities (obesity, p = 0.19, cardiovascu-
lar history p = 0.009 and respiratory history p = 0.3). At admission, 
35 patients (92%) in group 1 had moderate to severe ARDS (p = 0.9). 
However, the solumedrol group had a more severe clinical presenta-
tion at admission: oxygen saturation on admission (89.5% ± 9 versus 
92% ± 5 in the control group, (p = 0.02); more signs of struggle (15 
patients versus 8 in the control group, p = 0.07). Solumedrol adminis-
tration was performed within a median of 4 days [2–6], with respira-
tory worsening occurring within a median of 4 ± 3  days (p = 0.05). 
The use of invasive mechanical ventilation was more frequent in the 
G1 (25 patients versus 20, p = 0.008). The occurrence of nosocomial 
infection was more frequent in the G1 (31 vs. 21 patients, p = 0.0001). 
The duration of invasive mechanical ventilation, length of stay were 
comparable between the two groups (p = 0.3 and p = 0.08 respec-
tively). The prescription of bolus solumedrol was associated with 
higher rate of mortality (69% G1 vs. 45%; p = 0.005) and more shock 
(p = 0.004).
Conclusion: Patients who received solumedrol had a more severe 
clinical presentation, with more invasive mechanical ventilation, more 
nosocomial infection and higher rate of mortality (2). A randomized 
study is needed to assess the efficacy of solumedrol compared with 
dexamethasone.
Reference 1: Pinzón MA, Ortiz S, Holguín H, Betancur JF, Cardona 
Arango D, Laniado H, et al.
Reference 2: Edalatifard M, Akhtari M, Salehi M, Naderi Z, Jamshidi A, 
Mostafaei S, et al.
Compliance with ethics regulations: Yes in clinical research.
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Therapeutic plasma exchange in patients with covid‑19 
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ZAID  Ikram1, ESSAAD  Ounci1, EL AIDOUNI  Ghizlane1, AABDI  Mohammed1, 
BERRICHI  Samia1, TAOUIHAR  Salma1, MARBOUH  Manal1, BKIYER 
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Annals of Intensive Care 2022, 12(1):FC-164

Rationale: COVID 19 pneumonia can lead to an inappropriate inflam-
matory response, and can be complicated by acute respiratory distress 
syndrome, multi organ failure with a high mortality rate. The objective 
of this study is to observe the effect of therapeutic plasma exchange 
on the excessive inflammatory response.
Patients and methods/Materials and methods: In this study, we 
included 7 confirmed cases of COVID-19 in the intensive care unit 
(ICU). COVID-19 cases were confirmed by RT PCR (reverse transcrip-
tion polymerase chain) and CT (computerized tomography) imag-
ing according to WHO guidelines. Therapeutic plasma exchange was 
performed to decrease cytokine storm-induced ARDS (Acute respira-
tory distress syndrome). Inflammation marker assays were performed 
before and after therapeutic plasma exchange to assess its efficacy.
Results: Levels of inflammatory cytokines (IL-6) and acute phase 
response proteins, including ferritin and CRP, were elevated before 
therapeutic plasma exchange. After therapeutic plasma exchange, lev-
els of acute phase reactants and inflammatory mediators were signifi-
cantly reduced (p < 0.05).
Conclusion: Our data suggest that therapeutic plasma exchange 
reduces the inflammatory response in patients with severe COVID-19 
not undergoing mechanical ventilation. Further studies are needed to 
explore the efficacy of therapeutic plasma exchange in patients with 
COVID-19.
Compliance with ethics regulations: Yes in clinical research.

FC‑165 
Impact of corticosteroid use in critically‑ill COVID‑19 patients 
on mortality, intubation, and adverse events: a French 
multicenter study
RAYMOND  Matthieu1, LE THUAULT Aurélie1, ASFAR  Pierre2, DARREAU 
Cédric3, REIZINE Florian 4, COLIN Gwenhaël5, DANO  Charly6, LORBER 
 Julien7, HOURMANT  Baptiste8, DELBOVE  Agathe9, FREROU Aurélien10, 
MORIN  Jean1, ERGRETEAU Pierre  Yves11, SEGUIN  Philippe4, REIGNIER  Jean1, 
LASCARROU Jean  Baptiste1, CANET  Emmanuel1
1CHU de Nantes, Nantes, France; 2CHU d’Angers, Angers, France; 3CH du 
Mans, Le Mans, France; 4CHU de Rennes, Rennes, France; 5CHD La Roche 
sur Yon, La Roche Sur Yon, France; 6CH de Cholet, Cholet, France; 7CH de 
Saint Nazaire, Saint Nazaire, France; 8CHU de Brest, Brest, France; 9CH de 
Vannes, Vannes, France; 10CH de Saint Malo, Saint Malo, France; 11CH de 
Morlaix, Morlaix, France 
Correspondence: Matthieu RAYMOND (matthieu.raymond@chu-nantes.
fr).
Annals of Intensive Care 2022, 12(1):FC-165

Rationale: The use of corticosteroids is recommended for the man-
agement of critically-ill COVID-19 patients based on the results of 
the RECOVERY trial [1], which reported a reduced day-28 mortality in 
patients requiring oxygen therapy or mechanical ventilation. However, 
the effectiveness and safety of corticosteroids still remain a matter of 
debate.
Patients and methods/Materials and methods: We conducted a 
multicenter observational study. All Covid-19 patients admitted in 13 
ICUs from Pays-de-la-Loire and Bretagne regions between February 
1st 2020 and December 31th 2020 were included. The main objective 
was to assess the impact of an early course of dexamethasone on day-
28 mortality.
Results: Overall, 1058 patients were included of whom 644 (60.87%) 
were intubated. An early course of dexamethasone (dexamethasone 
group) was given to 611 (57.75%) patients while 447 (42.25%) patients 
did not receive an early course of dexamethasone (usual care group). 
Day-28 mortality was 15.4% in the whole population, 15.1% in the 
dexamethasone group, and 15.9% in the usual care group (p = 0.63). 
On multivariable analysis, age (aHR 1.06 (1.03–1.08), p < 0.001), SOFA 
score (aHR 1.15 (1.09–1.21), p < 0.001), and immunocompromised sta-
tus (aHR 1.62 (1.06–2.47), p = 0.026) were associated with a higher risk 
of day-28 mortality while the use of dexamethasone had no impact 
(aHR 0.81 (0.57–1.15), p = 0.245). The risk of intubation was reduced 
in the dexamethasone group compared to the usual care group. This 
result was confirmed after adjustment for respiratory rate, PaO2/FiO2 
ratio, and respiratory support at ICU admission (standard oxygen vs 
high-flow oxygen or non-invasive ventilation) (aHR 0.48 (0.40–0.58), 
p < 0.001). Ventilator-free days at day-28 were 22 [2;28] in the dexa-
methasone group and 15 [0;28] in the usual care group (p < 0.001). 
Patients in the dexamethasone group had a higher risk of ventila-
tor associated pneumonia than those of the usual care group (HR 
1.24 (1.00–1.54), p = 0.05), while there was no difference on the risk 
bloodstream infection (HR 1.23 (0.80–1.88), p = 0.35), fungal infection 
(OR 0.64 (0.37–1.10), p = 0.11) and gastrointestinal bleeding (OR 1.10 
(0.58–2.09), p = 0.77) between the 2 groups.
Conclusion: In our study, an early course of dexamethasone in criti-
cally-ill Covid-19 patients was not associated with a reduced day-28 
mortality, but increased the risk of ventilator associated pneumonia 
compared to standard of care management. However, an early course 
of dexamethasone reduced the risk of intubation, increased the num-
ber of ventilator-free days at day-28, and was not associated with a 
higher risk bloodstream infection, fungal infection or gastro-intestinal 
bleeding.
Reference 1: [1] RECOVERY Collaborative Group, Horby P, Lim WS, 
Emberson JR, Mafham M, Bell JL, et  al. Dexamethasone in Hospital-
ized Patients with Covid-19—Preliminary Report. N Engl J Med. 17 juill 
2020.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Severe COVID-19 is responsible for acute respiratory distress 
syndrome (ARDS), requiring the use of invasive mechanical ventilation 
in 60% of the cases. Short-term corticosteroid therapy (CTC) initiated in 
the acute phase of the infection reduces the 28-day mortality of patients 
on oxygen therapy or mechanical ventilation. In some cases, the evolu-
tion in intensive care is marked by the persistence of ARDS; the mecha-
nisms generating this unfavorable development involve inflammatory 
processes and pulmonary fibro-proliferation. The impact of high-dose 
corticosteroid therapy has already been assessed in the field of per-
sistent ARDS unrelated to SARS-CoV-2 but to date there is not data to 
assess the impact of such a strategy during severe COVID-19.
Patients and methods/Materials and methods: We collected data 
from the prospective multicenter database ANTICOV involving 11 
intensive care unit (ICU) of AP-HP. Eligible patients were admitted in 
ICU with pneumonia related to COVID 19 and were treated with initial 
CTC with dexamethasone. We compared patients receiving usual ICU 
care and patients receiving a secondarily high dose of CTC during ICU 
care (CTC group).
Results: Between September 2020 and March 2021, we enrolled 593 
patients. 61 patients (12%) received secondarily high doses of CTC dur-
ing ICU care. Median delay between dexamethasone and high dose of 
corticosteroids was 16 days [9–27.5]. There was no between-group dif-
ference for median SOFA admission. ICU mortality was higher in the CTC 
group (48%) as compared with usual care (28%) (p = 0.002). Invasive 
mechanical ventilation was performed in 359 (67%) patients with usual 
care and in 47 (77%) patients in CTC group (p = 0.13). The median dura-
tion in days of mechanical ventilation and ICU length of stay was higher 
in the CTC group: respectively 16 [9–28] and 13 [6–27] vs 26.5 [19–40] 
and 31 [21–45] (both p < 0.001). The proportion of bacterial ventilator 
associated pneumonia was higher in the CTC group (69%) as compared 
with usual care (49%) (p = 0.004). Fungal infection was documented 
in 40 (7.5%) with usual care and in 8 patients (13%) in CTC group 
(p = 0.132). ICU mortality in CTC group with fungal infection was 87.5%.
Conclusion: We found that 12% of patient admitted in ICU for severe 
COVID 19 received a secondarily high doses of corticosteroids during 
ICU care. High doses CTC was associated with a higher mortality rate 
in ICU and higher duration of invasive mechanical ventilation and ICU 
stay. Propensity score will be made to assess the probability of CTC 
assignment conditional on observed baselines.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Pathophysiology of coronavirus disease 2019 (COVID-
19) suggests a strong role of exaggerated immune response in the 
evolution to acute respiratory distress syndrome (ARDS). COVID-
19 ARDS is characterized by its protracted course, lasting twice 
as long as ARDS of other origins. Persistent ARDS is characterized 
by ongoing inflammation, excessive pulmonary fibroproliferation 
(PFP), prolonged mechanical ventilation, and a substantial mor-
tality. Corticosteroid treatment dampens the hyperinflammatory 
response and is prescribed as an adjunctive treatment for moder-
ate and severe forms of COVID-19 pneumonia. Only rare data are 
available for patients with COVID-19 requiring prolonged ventila-
tion. In this retrospective study, we aimed to assess the efficacy 
of corticosteroids as rescue therapy in patients with persistent 
COVID-ARDS.
Patients and methods/Materials and methods: This observa-
tional retrospective study was conducted in one intensive care 
unit of a French general hospital including mechanically ventilated 
COVID-ARDS patients admitted between March 2020 and January 
2022 who received high-dose of methylprednisolone (1–2  mg/
kg/day) for persistent COVID-ARDS after more than ten days of 
mechanical ventilation. Included patients exhibit at least one out 
of three criteria for suspicion of PFP changes: low lung compliance, 
fibrotic changes on Chest CT, or persistent hypoxemia. Endpoints 
were improvement of lung compliance and hypoxemia.
Results: Four hundred forty-three patients with severe COVID 
pneumonia were admitted to our ICU during the inclusion period. 
One hundred eighty-seven patients were mechanically venti-
lated for more than ten days. Nineteen patients (10%) had persis-
tent ARDS and received high-dose methylprednisolone as rescue 
therapy. Mean age was 68.2 + 6.3  years, median SOFA score at 
initiation of corticotherapy was 8. Mean delay between intuba-
tion and methyprednisolone initiation was 19.1 + 5.6  days. Ten 
patients (53.7%) survived and were discharged from ICU, and all 
were still alive at day-90. Lung compliance upon initiation of cor-
ticotherapy was similar in patients who survived and those who 
died (20.1 + 12.5 and 19.9 + 5.6  ml/cmH2O respectively).  PaO2/
FiO2 ratio was also similar between both groups (152 + 42.6 and 
124.2 + 31.7 respectively). Survivors showed significant improve-
ment in both lung compliance (p = 0.0324, Fig.  1A) and  PaO2/FiO2 
ratio (p = 0.0352, Fig. 1B).
Conclusion: In this cohort of persistent COVID-19 ARDS patients 
with suspicion of PFP evolution, both lung compliance and  PaO2/
FiO2 ratio did significantly ameliorate in patients who survived. 
Whether this observed improvement in lung mechanics and 
hypoxemia is due to the late use of steroids, or not, has to be 
confirmed.
Compliance with ethics regulations: Yes in clinical research.

Evolution of lung compliance and PaO2/FiO2 ratio after initiation of 
corticotherapy
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Rationale: The coronavirus disease 2019 significantly impacted 
human society. Recently, the synthetic pure glucocorticoid dexameth-
asone was identified as an effective compound for treatment of severe 
COVID-19 (1). The aim of this study was to compare the different doses 
of dexamethasone prescribed and their impact on prediction of out-
come in critically ill COVID-19 patients.
Patients and methods/Materials and methods: We conducted a retro-
spective study in a medical ICU over a period of 16 months (September 
2020–December 2021) including patients with SARS-COV2 infection. 
Dexamethasone-based corticosteroid therapy was introduced from day 
one in patients with acute distress respiratory syndrome (ARDS) with dif-
ferent doses: ≤ 8 mg/day, 12 mg/day and 24 mg/day.
Results: During the study period, 430 patients were included with a 
mean age of 58.7 ± 15.9 and a gender ratio of 1.5. The median SAPSII 
and SOFA score were respectively of 28 ± 15 and 4 ± 2.6. Most patients 
had comorbidities, including hypertension (35.8%), obesity (31.6%) 
and diabetes (36.7%). At admission, 301 patients had severe ARDS 
(70%). Dexamethasone was prescribed with 12 mg/day in 342 patients 
(79.5%), with ≤ 8 mg/day in 51 patients (11.9%) and 24 mg/day in 37 
patients (8.6%). The use of invasive mechanical ventilation was more 
frequent in patients who received 12  mg/day (46%; p = 0.035). The 
occurrence of infection during hospitalization was high in the same 
group of patients (46%; p = 0.014). There was no significant differ-
ence between the three doses of dexamethasone in terms of diabetic 
decompensation, hypokalemia or mortality (Table I).
Conclusion: This study showed that the use of different doses of dexa-
methasone was not associated with different outcome in critically ill 
COVID-19 patients admitted in ICU.
Reference 1: (1) Tomoshige Kino, Irina Burd, James H. Segars: Dexa-
methasone for severe COVID-19: how does it work at cellular and 
molecular levels?
Compliance with ethics regulations: Yes in clinical research.

Table 1: outcome comparison according to dexamethasone dose
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Rationale: Delirium is among the most common problem in the inten-
sive care unit (ICU). It is often under diagnosed and it has a consider-
able impact on morbidity and mortality rate. We aimed to determine 
the incidence, risk factors and outcomes of delirium in the ICU.

Patients and methods/Materials and methods: We conducted a 
retrospective study including critically-ill patients fulfilling the crite-
ria for admission to the ICU between January 2022 and September 
2022. Delirium was assessed during each shift (morning and evening), 
by trained nurses, using the Confusion Assessment Method for the 
ICU (CAM-ICU). SOFA and RASS scores were calculated on admission. 
Demographics and clinical status were also collected based on the 
medical record.
Results: One hundred twenty patients were included. Median age 
was 75 ± 13  years with a sex ratio of 1.2. Fourty-two developed 
delirium (incidence: 35%); 20% were hypoactive, 5% mixed and 10% 
were hyperactive in type. They were older (70 versus 55) and had a 
significantly higher SOFA score at admission (8[8–10] versus 3 [2–4], 
p < 0.001), RASS (2.8 versus 1.3, p < 0.001). Cumulative doses of mida-
zolam (80  mg versus 48  mg, p < 0.001). The presence of visual or 
auditory deficits were reported at baseline in 27.7% of patients with 
delirium. They had also longer ICU length-of-stay (6 vs 14, p < 0.001) 
and mortality was significantly higher in the delirium group (44.4% 
versus 28%).
Conclusion: The incidence of delirium in our ICU is 35%, it was asso-
ciated with a twofold increase in the risk of death and prolongs the 
length of hospitalization. Our results were an opportunity to imple-
ment a strategy for assessment and surveillance and prevention of 
delirium to improve the care in ICU.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Snakebite envenoming is a neglected tropical disease 
that kills more than 100.000 people every year. In Tunisia, it is par-
ticularly frequent in the sub-Saharan regions with high mortality 
and morbidity. Therefore, we aim to identify the predictor factors of 
mortality in snakebite envenomation in our region.
Patients and methods/Materials and methods: It is a retrospec-
tive descriptive study, conducted at the intensive care unit (ICU) of 
Habib Bourguiba University Hospital, Sfax, Tunisia, over a period of 
16 years (from January 01, 2006, to December 31, 2021). Snakebite 
envenomation was defined by a history of snakebite. Survivor and 
non-survivor subgroups were compared to identify predictors of 
mortality.
Results: Out of the 19 included patients, 4 patients died. The mortal-
ity rate was 21.1%. Univariate analysis revealed that at ICU admission: 
high SOFA (p = 0.017), high shock index (p = 0.024), high value of leu-
cocytes (p = 0.001), high value of blood urea (p = 0.003) and the pres-
ence of clinical signs of shock (p = 0.037), are associated with mortality.
Conclusion: Early evaluation of severity at admission is crucial in the 
management of snakebite envenomation. Further multicentric studies 
are required to approve a severity scale proper to snakebite enveno-
mation in Tunisia.
Reference 1: World Health Organization. Venomous snakes distribu-
tion and species risk categories. 2017. [Online] Available from: https:// 
apps. who. int/ blood produ cts/ snake antiv enoms/ datab ase/ defau lt. 
html.
Reference 2: Chakroun-Walha O, Issaoui F, Nasri A, Bradai H, Farroukh 
A, Karray R, et al. Early severity predictors of snakebite envenomation 
in the southern region of Tunisia: a multivariate analysis. J Acute Dis. 
2021;10(2):71.
Compliance with ethics regulations: Yes in clinical research.
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Table 1: Univariate analysis of predictors of mortality in snake envenoma-
tion at admission in ICU.
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Acquired agitation in ARDS with Covid‑19 compared to influenza 
patients: a propensity score matching observational study
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DELAMAIRE  Flora1, COIRIER  Valentin1, QUELVEN  Quentin1, GUILLOT 
 Pauline1, LESOUHAITIER  Mathieu1, TADIÉ Jean-Mac1, GACOUIN  Arnaud1

1CHU de Rennes, Hôpital Pontchaillou, Rennes, France. 
Correspondence: Adel MAAMAR (adel.maamar@chu-rennes.fr)
Annals of Intensive Care 2022, 12(1):FC-171

Rationale: A growing body of evidence reports that agitation and 
encephalopathy are frequent in critically ill Covid-19 patients. Our 
aim was to assess the incidence and risk factors of agitation in criti-
cally-ill ARDS patients with Covid-19, and compare these findings to 
a population of patients with ARDS patients with influenza.
Patients and methods/Materials and methods: We included all 
patients with laboratory-confirmed Covid-19 infection and ARDS 
admitted to our medical intensive care unit (ICU) between March 
10th, 2020 and April 16th, 2021, and all the patients with labora-
tory-confirmed influenza infection and mechanical ventilation (MV) 
admitted to our ICU between April 10th, 2006 and February 8th, 
2020. Clinical and biological were retrospectively collected. We also 
recorded previously known factors associated with agitation (ICU 
length of stay, length of invasive ventilation, SOFA score and SAPS 
II at admission, sedative and opioids consumption, time to defeca-
tion). Agitation was defined as a day with Richmond Agitation Seda-
tion Scale greater than 0 after exclusion of other causes of delirium 
and pain. We compared the prevalence of agitation among Covid-19 
patients during their ICU stay and in those with influenza patients. 
To improve the balance of baseline characteristics and reduce the 
effects of selection bias and potential confounding factors in this 

observational study, a propensity score analysis was performed. 
Second, we used a Cox-proportional hazard model to determine 
whether agitation during the ICU stay was independently associ-
ated with mortality at day-28.
Results: We included 241 patients (median age 62  years [53–70], 
158 males (65.5%)), including 146 patients with Covid-19 and 95 
patients with Influenza. One hundred eleven (46.1%) patients had 
agitation during their ICU stay. Patients with Covid-19 had signifi-
cantly more agitation than patients with influenza (respectively 80 
patients (54.8%) and 31 patients (32.6%), p < 0.01). After matching 
with a propensity score, Covid-19 patients remained more agi-
tated than influenza patients (49 (51.6% vs 32 (33.7%), p = 0.006). 
Agitation remained independently associated with mortality 
after adjustment for other factors (HR = 1.85, 95% CI 1.37–2.49, 
p < 0.001).
Conclusion: Agitation in ARDS Covid-19 patients is more frequent 
than in ARDS influenza patients. The agitation was not associated 
with common risk factors, such as severity of illness or sedation. These 
findings suggest that SARS-CoV-2 is directly and indirectly involved 
in agitation and should probably be acknowledged as a risk factor. As 
agitation can be one of the presentations of a delirium, its presence 
should alert us to the risk of encephalopathy.
Compliance with ethics regulations: Yes in clinical research.

Baseline characteristics and outcomes in the matched population
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Rationale: Several studies have reported association between COVID-
19 infection and a plethory of neuropsychiatric complications whereas 
the neuropsychiatric damage is still contested. We aimed to describe 
the epidemiology of neuropsychiatric manifestations in patients hos-
pitalized for confirmed severe COVID-19 pneumonia and determine its 
impact on patient’s management and outcome.
Patients and methods/Materials and methods: All data of con-
firmed COVID-19 patients hospitalized in Zaghouan’s Hospital ICU 
between March 2020 and January 2022 were retrospectively analyzed. 
We collected epidemiological, clinical, prescribed medications and 
outcomes. Factors associated with neuropsychiatric complications and 
its impact on mortality were evaluated through binary logistic regres-
sion models, by comparing two groups: patients with or without neu-
ropsychiatric manifestations.
Results: Of the total of 365 patients included, 201 have developed 
neurologic and/or psychiatric manifestations during their hospital stay 
(55%). Median age was 58 [17–89] with sex ratio 1.3. Median SAPS II 
and APACHE II scores were 26 ± 8.3 and 7 ± 4.9 respectively. Fifteen 
patients had underlying psychiatric disease history and two had a his-
tory of ischemic stroke without sequelae. Neurologic disorders were 
described in 125 patients. It consisted on 118 episodes of headache, 6 
ischemic strokes and 2 cases of encephalitis, one of which was symp-
tomatic of status epilepticus; no peripheral nervous system involve-
ment was reported. Psychiatric disturbance was seen in 121 patients. 
The most common manifestations were: an unexpected agitation in 
79 patients, sleep disturbances in 25 patients, depressed mood in 20 
patients, anxiety in 8 patients, delirium in 3 cases and confusion in 2 
cases. Depression was manifested by reduced appetite and anorexia, 
tiredness and lack of energy and irritability. Management of patients 
consisted in majority of cases in long-acting benzodiazepine pre-
scription alone or associated to neuroleptic agents. No differences 
were noted in demographic characteristics between patients who 
developed neuropsychiatric signs and the others. But active smoking 
was associated with the presence of neuropsychiatric signs (44.7% vs 
31.7%, p = 0.034). At admission, the 2 groups had comparable respira-
tory exchange and laboratory findings. Presence of psychiatric signs 
was significantly associated with more use of invasive mechanical 
ventilation (49% vs 24.3%, p < 0.001), longer length of ICU stay (11 vs 
7  days, p < 0.001) and higher ICU mortality (60% vs 33%, p < 0.001). 
Headache, the most common neurologic manifestation, alone was not 
associated with worse prognosis.
Conclusion: Neuroinflammation associated to SARS-CoV-2 infection 
could be responsible for a wide and still unknown spectrum of neu-
ropsychiatric disorders which are associated with poor prognosis and 
high mortality. Long term follow up is recommended to detect disabil-
ity consequences of neuro-COVID.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Post-Intensive Care Syndrome (PICS) is a frequent condi-
tion in ICU-survivors including physical, cognitive and psychological 
disorders. The long-term consequences of a hospitalization in inten-
sive care for severe COVID-19 are unknown. The aim of this study was 
to assess the incidence and severity of cognitive and psychological 
disorders, the sequelae of hospitalization and their impact on the 
health-related quality of life of patients who survived at one year after 
a prolonged hospitalization in intensive care for COVID-19-related 
ARDS.

Patients and methods/Materials and methods: Prospective, 
descriptive, monocentric cohort study, carried out in the Seine-Saint-
Denis department in France between May and July 2021. Patients who 
received mechanical ventilation of at least 72 h during a stay in inten-
sive care of at least 7 days for COVID-19-related ARDS were included.
Results: Thirty out of thirty-six eligible patients were assessed at a 
median time of 423 days since infection (IQR [404–437]). The patients’ 
quality of life was impaired mainly in the physical domain. Sixteen 
percent of patients complained of asthenia and 23% reported mus-
cle weakness. Fifty-three percent of patients complained of cognitive 
impairment and 36% of patients had symptoms of post-traumatic 
stress disorder. Symptoms of anxiety were found in 40% and symp-
toms of depression in 16% of patients. Seventy percent of patients 
had at least one skin, neurological or joint sequelae of hospitalization. 
Twelve patients (40%) had persistent dyspnea.
Discussion: This study has several limitations. It is descriptive, mono-
centric and the study population is quite small. Yet, to this day, the 
data concerning the sequelae of severe COVID-19 especially in the 
critically ill remain scarce. Since the “first wave” of the pandemics, the 
management of COVID-19 ARDS changed and effective vaccines have 
been found. Further studies are mandatory to assess the effect of 
these findings on the prevalence and severity of the PICS.
Conclusion: The sequelae of a hospitalization in intensive care for 
a COVID-19-related ARDS are common and impair survivors’ health-
related quality of life at one year after infection. This study among 
others will help to know better the long-term consequences of the 
COVID-19 pandemics in terms of PICS.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Hemorrhagic strokes represent 10 to 15% of all strokes. The 
incidence increases with age, especially beyond 55 years. Intracerebral 
hemorrhage is a serious pathology whose mortality is between 30 to 
60% at 30 days. Half of the deaths occur within the first 48 h. The man-
agement of intracerebral hemorrhage in neurocritical care units has 
reduced this morbidity and mortality. The objective of our study is to 
study the impact of the management of hemorrhagic stroke in a neu-
rocritical care unit.
Patients and Methods/Materials and methods: This is a prospec-
tive, monocentric study from January 2010 to October 2019. The study 
involved patients admitted for hemorrhagic stroke, confirmed by brain 
CT. Patients with traumatic brain hematomas, hemorrhagic changes in 
ischemic stroke, and cerebro-meningeal hemorrhage were excluded 
from the study. Demographic data, history, Glasgow score, CT data, 
initial medical care and short-term change were studied. The surgical 
indication was at the discretion of the surgeon.
Results: During the study period 120 patients with an average age of 
60  years were included, with a sex ratio of 1.1. 55% of patients were 
hypertensive, 13% diabetic, of which 14% were on AVK and 26% on 
platelet aggregation inhibitors. No risk factors were found in 32% of 
patients. The average Glasgow admission score was 8. At imaging, 60% 
had a deep localization of the hematoma and 54% a hydrocephalus. 
Medical management was based on monitoring of blood pressure fig-
ures in 58%, the use of mechanical ventilation in all patients, osmoth-
erapy in 22% and reversion of anticoagulant therapy in 6% of cases. 
Surgery was indicated in 60% of cases: An external ventricular shunt 
in 70% of cases and a decompression and evacuation of the cerebral 
hematoma in 40% of cases. Overall mortality was 70%.
Conclusion: In terms of public health, stroke is a medical, social and 
economic scourge. It has serious life-threatening and functional con-
sequences: just under 75% of people with intracerebral hemorrhage 
die within a year, and more than half of stroke survivors have signifi-
cant consequences.
Compliance with ethics regulations: N/A.
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Scorpion envenomation in the emergency department: 
a prospective study of predictive factors of severity
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Rationale: Scorpion envenomation is common in the tropical and 
subtropical regions. It poses a major public health problem with some 
patients having serious clinical manifestations and severe complica-
tions including death. The aim of our study was to describe the predic-
tive factors of severity in the management of scorpion envenomation 
patients admitted in the acute care unit.
Patients and methods/Materials and methods: A 6  months pro-
spective analytic observational single-center study including patients 
admitted for stage II or III of scorpion envenomation. Stage I scorpion 
envenomation were excluded. Statistical analysis was performed using 
the statistic software SPSS 20.
Results: Sixty-six patients were included. Mean age was 29 ± 20 years 
(1 to 84  years old) with female predominance (sex-ratio = 0.8). The 
majority of patients (90%) were staged II according to severity. Among 
demographic factors, age (p = 0.007) and the mode of transport in the 
acute care unit (p = 0.001) were predictor factor of mortality. However, 
comorbidities and gender had no prognostic impact. Clinical predic-
tor factor of mortality on admission were: agitation (p < 0.001), dysp-
nea (p = 0.02), abdominal pain (p = 0.03), rapid breathing (p = 0.01), 
oxygen saturation (p = 0.04), priapism (p = 0.01) and the presence 
of signs of shock (p < 0.001): marbling, cool skin. Leukocyte, glucose 
level and troponin level increased significantly with the severity of 
envenomation and are correlated with high mortality: p = 0.001. Aci-
dosis (p = 0.026), hypoxemia (p = 0.04) and anemia (p = 0.008) were 
also predictive factors of mortality The presence of abnormalities on 
electrocardiogram (p = 0.005), chest X-ray (p = 0.03) and cardiac ultra-
sound (p < 0.001) were associated with higher mortality. Finally, a sig-
nificant association was found between cardiogenic shock requiring 
the use of dobutamine and death rate (p < 0.001).
Conclusion: Scorpion envenomation is an accidental pathology that 
continues to be serious in our country specially in summer. The pre-
dictive factors of mortality seem similar to those described in the 
literature. However, new diagnostic tools may be helpful in the early 
detection of patients with significant risk of death.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Neuromyopathy is a severe but common complication in 
the ICU, particularly for patients with prolonged  stays1. Intensive phys-
ical therapy with a muscle strengthening program and a daily sched-
ule allows a faster recovery. The objective of this study is to determine 
the impact of intensive physical therapy on the functional recovery of 
these patients in a weaning unit.
Patients and methods/Materials and methods: This is a retrospec-
tive, descriptive study in a respiratory weaning unit over the year 2021. 
All patients hospitalized in the weaning unit were included. The MRC 
score at admission was used to determine the diagnosis and sever-
ity of neuromyopathy and was compared with the same score at 
discharge. The prevalence of neuromyopathy at admission was also 
investigated. Demographic and physical therapy characteristics were 
collected. All inpatients with complete data were analyzed.

Results: In 2021, 144 patients were admitted. A total of 134 patients 
were analyzed with male 70%, age 63 ± 12 years, COVID-19 70%. The 
MRC score was statistically higher at discharge than at admission: 
52.3 ± 11.4 vs 39.5 ± 14 (p < 0.001). The prevalence of neuromyopathy 
at admission was 73% (n = 98). During the hospitalization, delivered 
rehabilitation treatment were: sitting on the edge of the bed in 93%, 
reverticalization in 82% and walking in 57%. The different techniques 
are presented in Table I.
Conclusion: Intensive physical therapy is associated with an improve-
ment in the MRC score for patients during their stay in the weaning 
unit. Multidisciplinary management also contributes to improve the 
different functional aspects of the patients.
Reference 1: De Jonghe B, Lacherade JC, Durand MC, Sharshar 
T. Critical illness neuromuscular syndromes. Crit Care Clin. 2007 
Jan;23(1):55–69.
Compliance with ethics regulations: Yes in clinical research.

Table I Physiotherapy rehabilitation techniques in a respiratory weaning 
unit.
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Rationale: Breast cancer has surpassed lung cancer as the most fre-
quently diagnosed cancer with an estimated 2.3 million new cases in 
2020. One in eight to ten women will have breast cancer during their 
lifetime. Compared with other solid cancers, its prognosis is usually 
seen as encouraging even at a metastatic stage. Surprisingly, char-
acteristics of breast cancer patients hospitalized in the ICU have sel-
dom been described and especially whether this common pathology 
affects admission patterns and prognosis in critically-ill patients.
Patients and methods/Materials and methods: We conducted a 
retrospective monocenter study including patients with breast cancer 
requiring unplanned admission to a medical ICU over a 14-year period 
(2007–2020). Non-inclusion criteria were the following: admission to 
secure a procedure, planned admissions following elective surgery 
and patients with cancer cured for more than 5  years. Independent 
predictors of in-ICU and 1-year outcome (available for n = 170 (96%) 
patients) were addressed by a cause-specific multivariate Cox regres-
sion analysis.
Results: One hundred seventy-seven patients (median age = 65 [57–
75] years) were analyzed. Breast cancer was at a metastatic stage for 
122 (68.9%) patients and recently diagnosed or in progression under 
treatment in respectively 25 (14.1%) and 76 (42.9%) patients. Median 
SOFA score at admission was 5 [4–8] and patients required invasive 
mechanical ventilation, vasopressors/inotropic agents and renal 
replacement therapy in respectively 72 (40.7%), 57 (32.2%) and 26 
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(14.7%) cases. Admissions were related to sepsis in 56 (31.6%) patients, 
to iatrogenic/procedural complication in 19 (10.7%) patients and to 
specific (i.e. directly linked to the underlying malignant disease) com-
plication in 47 (26.6%) patients. ICU, hospital and one-year mortality 
rates were respectively 20.9%, 30.5% and 57.1%. In multivariate analy-
sis, factors associated with ICU-mortality were invasive mechanical 
ventilation (Cause specific hazard (CSH) 2.53 [1.11–5.75], p = 0.03) and 
poor performance status (at 3 or 4) (CSH 2.37 [1.18–4.80], p = 0.02). 
One-year mortality in ICU-survivors was independently associated 
with the occurrence of specific complications during ICU stay (CSH 
2.20 [1.31–3.71], p = 0.003), a triple negative cancer status (CSH 1.97 
[1.06–3.67], p = 0.03) and poor performance status (CSH 1.51 [1.19–
1.92], p < 0.001).
Conclusion: One in four breast cancer patients are admitted to the 
ICU for life-threatening specific complications directly linked to their 
underlying malignant disease. The in-ICU prognosis is encouraging 
and not related to oncologic characteristics supporting broad-admis-
sion policy in this population. Long-term prognosis is poor, especially 
for those patients with advanced malignancy.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Patients with solid tumors are increasingly considered for 
ICU admission. Our purpose was to evaluate the outcome of patients 
with solid tumors considered for ICU admission and to assess the per-
formance of physiological scores at the time of triage for predicting 
hospital mortality.
Patients and methods/Materials and methods: Prospective cohort 
study including all patients with solid tumors for whom ICU admission 
was requested between July 2019 and December 2021 in a French 
University-affiliated Hospital.
Results: Of the 6,262 patients considered for ICU admission, 410 
patients (6.5%) had solid tumors. Median age was 64 and 137 patients 
(33.4%) were women. At the time of triage, 206 patients (50.8%) had 
sepsis. Of the 410 patients evaluated, 176 patients (42.9%) were ulti-
mately admitted. Diagnoses of hemoptysis (odds ratio 10.35; 95% 
CI 2.80–66.89; p 0.006) and pneumothorax (odds ratio 17.94; 95% CI 
3.48–328.64; p 0.002) were independently associated with ICU admis-
sion, whereas older age (odds ratio 0.98, 95% CI 0.96–0.99; p 0.004) was 
independently associated with ICU refusal. Of the 234 patients (57.1%) 
who were denied ICU admission, 61 patients (26.1%) were deemed 
too well to benefit from ICU, and 173 (73.9%) were deemed too sick to 
benefit from ICU. ICU and 6-months survival rates of patients admitted 
to the ICU were 80.1% and 58.0%, respectively. In patients not admit-
ted in ICU because considered too well, hospital survival was 86.9% 
and overall survival at 6 months was 67.2%. In patients not admitted 
in ICU because considered too sick, hospital survival was 37.0% and 
overall survival at 6 months was 19.7%. qSOFA, NEWS score and Shock 
index at the time of triage were similar between patients admitted and 
not admitted to the ICU and demonstrated poor performances for pre-
dicting hospital mortality (AUC 0.52, 0.62 and 0.51, respectively).
Conclusion: In our experience, patients with solid tumors had a high 
rate of treatment limitations taken at the time of triage. Hospital sur-
vival of patients admitted to the ICU was encouraging. However, both 
the significant rates of hospital mortality in patients considered too 
well to benefit from ICU admission, and the survival rates of patients 

considered too sick underline the limits of clinical judgment at the 
time of triage. Unfortunately, physiological scores at the time of triage 
demonstrated poor performances for predicting hospital mortality.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Gastrointestinal bleeding (GIB) is a frequent and poten-
tially life-threatening complication in patients with pancreatic cancer. 
Although GIB represents the second reason for intensive care unit 
(ICU) admission in pancreatic cancer patients, only limited data are 
available regarding bleeding mechanisms, management and out-
comes in these patients. Primary aim was to identify factors associated 
with a successful hemostatic intervention (i.e. gastrointestinal endos-
copy and/or arterial embolization). Secondary aim was to identify fac-
tors associated with ICU mortality.
Patients and methods/Materials and methods: Retrospective mul-
ticenter cohort study in five French ICUs. All consecutive patients with 
pancreatic cancer, admitted to the ICU for GIB between January 2009 
and January 2020 were screened for inclusion. Patients with a recent 
pancreatic surgery (< 4 weeks) were excluded.
Results: Seventy-eight patients were included (48 (62%) males, 67 
[56–73] median [interquartile interval] years-old). Tumors were mainly 
adenocarcinoma (91%) in cephalic position (74%). Prior to ICU admis-
sion, 81% of patients received chemotherapy and 31% underwent 
pancreatic resection surgery. Cancer progression was identified in 
51% of cases. GIB mechanisms were gastroduodenal tumor infiltra-
tion (35%), gastroesophageal varices (21%) mostly related to left-
sided portal hypertension, arterial aneurysm (14%), non-tumoral 
ulcer (11%) and miscellaneous (19%). Arterial aneurysms were more 
frequently detected in patients who underwent pancreatic resection 
(41%) than their counterpart (2%), p < 0.001. During the ICU stay, 41 
(53%) patients presented hemorrhagic shock, 60 (77%) received red 
blood cells transfusion (median number of red blood cells units 3 
[2–5]), and 32 (41%) required mechanical ventilation. Sixty-two (80%) 
patients and 21 (27%) patients had at least one upper endoscopy and 
one arterial embolization, respectively. A successful hemostasis was 
achieved in 35 (45%) patients. By multivariate analysis, three inde-
pendent variables were significantly associated with hemostatic inter-
ventions success: aneurysmal bleeding OR 32.76, p = 0.005; ongoing 
chemotherapy at ICU admission OR 0.13, p = 0.013 and prothrombin 
time ratio (PT) OR 1.05, p = 0.003. ICU mortality rate was 20%. By mul-
tivariate analysis, four independent variables were significantly associ-
ated with ICU mortality: performance status > 2 odds ratio (OR) 9.29, 
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p = 0.045; need for mechanical ventilation OR 24.74, p = 0.006; suc-
cess of therapeutic interventions OR 0.07, p = 0.020 and hemorrhagic 
shock OR 22.02, p = 0.011.
Conclusion: In patients with pancreatic cancer and GIB, the success 
of hemostatic interventions and thus ICU mortality is influenced by 
the mechanism of bleeding and the PT. Early identification of arte-
rial aneurysm (abdominal CT-scan before endoscopy), especially 
in patients with previous pancreatic resection surgery history, and 
prompt PT correction should be proposed.
Compliance with ethics regulations: Yes in clinical research.
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study
KEMOUN  Gabriel1, WEISS  Emmanuel2,4, EL HOUARI  Lina1, CALIEZ  Olivier1, 
GOURY  Antoine3, BONNY  Vincent6, PICARD  Benjamin1, RUDLER  Marika1,5, 
RHAIEM  Rami3, REBOURS  Vinciane2,4, MAYAUX  Julien1, BELIN  Lisa1, 
DEMOULE  Alexandre1,5, DECAVÈLE  Maxens1,5

1APHP Sorbonne Université, site Pitié-Salpêtrière, Paris, France; 
2APHP-Nord, Université de Paris, Hôpital Beaujon, Clichy, France; 3Hôpital 
Robert Debré, CHU de Reims, Reims, France; 4Université de Paris, Paris, 
France; 5Sorbonne Université, Paris, France; 6APHP-6 Sorbonne Université, 
site Saint-Antoine, Paris, France 
Correspondence: Gabriel KEMOUN (gabriel.kemoun@gmail.com)
Annals of Intensive Care 2022, 12(1):FC-180

Rationale: Pancreatic cancer is the sixth leading cause of solid malig-
nancy in France, with increasing incidence and low survival prob-
ability. About 5–10% of cancer patients will require intensive care unit 
(ICU) admission in the 2-year following diagnosis. However, there is 
no data regarding clinical features and outcomes of pancreatic cancer 
patients admitted to the ICU. Primary aim was to describe the reasons 
for ICU admission. Secondary aim was to identify factors associated 
with ICU mortality.
Patients and methods/Materials and methods: Retrospective multi-
center cohort study in five French ICUs from January 2009 to January 
2020. All consecutive patients with proved pancreatic cancer admitted 
to the ICU were screened for inclusion. Patients with a recent surgery 
were excluded (< 4  weeks). Logistic regression multivariate analysis 
was performed on ICU mortality.
Results: Two hundred and sixty-nine patients were included (161 
(60%) males, 65 [57 − 73] median [interquartile interval] years old, 
simplified acute physiology score 2 (SAPS 2) 39 [29–55]). Tumors 
were mainly adenocarcinoma (90%) in cephalic location (70%). Time 
between diagnosis and ICU admission was 8 [1–17] months. At ICU 
admission, most of the cancer were metastatic (57%) and the disease 
was responsive/stable, newly diagnosed or progressive in 32%, 25% 
and 43% of cases respectively. Prior to ICU admissions 74% of patients 
received chemotherapy, 24% surgery and 13% radiotherapy. By fre-
quencies, reasons for ICU admission were sepsis/septic shock (32%) 
followed by gastrointestinal bleeding (28%), acute respiratory failure 
(16%), metabolic disorder (12%) and miscellaneous (12%). Among the 
87 patients admitted with sepsis/septic shock, a biliary tract infection 
was identified in 45 (52%) patients. Biliary tract infection was more 
frequently observed in tumors with cephalic location than their coun-
terparts (61% vs. 24%, p = 0.003). During the ICU stay, mechanical 
ventilation and vasopressors were required in 101 (38%) and 95 (35%) 
patients. ICU mortality rate was 26% 95% confidence interval [20%; 
31%]. Using multivariate analysis, performance status 3–4 (OR 3.58), 
cancer status (responsive/stable -ref-, newly diagnosed OR 3.28, pro-
gressive OR 5.99), mechanical ventilation (OR 8.03), vasopressors (OR 
4.19), SAPS 2 (OR 1.69) and pH (OR 0.02) were independently associ-
ated with ICU mortality.
Conclusion: The reasons for ICU admissions of pancreatic cancer 
patients seem to substantially differ from that observed in previous 
work on solid cancer (acute respiratory failure). ICU mortality seems 
roughly similar to that observed also in previous works on solid cancer 

and is strongly influenced by performance status, disease status and 
organs failure at ICU admission.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Although short- and long-term survival in critically ill can-
cer patients was extensively studied, only limited data exist concern-
ing their quality of life (QoL) following an intensive care unit (ICU) 
stay. We thus sought to determine the impact of an ICU stay on QoL at 
3 months in solid cancer patients.
Patients and methods/Materials and methods: A prospective obser-
vational case–control study was conducted between February 2020 
and February 2021 involving three French ICUs. Surviving ICU patients 
with lung, colorectal, or head and neck cancers at 3 months after ICU 
discharge were matched with non-ICU cancer patients in terms of their 
cancer type, anticancer treatment goal (curative/palliative), and treat-
ment line. QoL was assessed using the Short Form 36 (SF-36) health 
survey (ranging 0–100, higher values indicating better QoL) including 
mental (MCS) and physical (PCS) components. Anticancer treatment at 
3 months was additionally assessed.
Results: Overall, 23 surviving ICU cancer patients were matched with 
46 non-ICU cancer patients. All patients answered the survey except 
four in the ICU group. MCS was significantly higher in ICU patients 
than in non-ICU patients, with a median of 54 (interquartile range 
[IQR]: 42–57) versus (vs.) 47 (IQR: 37–52), respectively (p = 0.01). PCS 
did not differ between both groups, with a median of 35 (IQR: 31–47) 
vs. 42 (IQR: 34–47) (p = 0.24). The multivariate analysis revealed a 
non-significant association between ICU/non-ICU patient status and 
patient quality-of-life scores (MCS or PCS) at 3 months post-discharge. 
The therapeutic strategy based on anticancer treatment at 3 months 
post-discharge was similar between both groups. A good perfor-
mance status (PS) (coef. 1.46, confidence interval [CI] 95%: 1.11–1.90, 
p = 0.01) and non-metastatic cancer status (coef. 1.21, CI95%: 1.05–
1.40, p = 0.01) were independently associated with a higher PCS.
Conclusion: At 3  months, cancer patients admitted into ICU displayed 
comparable QoL with matched patients not admitted into ICU. Thus, the 
challenging issue is to identify patients with good prognostic factors who 
would benefit from an ICU stay in terms of QoL and continue their antican-
cer treatments. These results require confirmation by a multicenter study.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Chimeric antigen receptor (CAR) T-cell therapy is a prom-
ising treatment for refractory hematological malignancies, but can 
induce severe adverse events. We aimed to report the clinical features 
and outcomes of CAR T-cell patients admitted to the intensive care 
unit (ICU).
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Patients and methods/Materials and methods: We retrospectively 
included all adult patients admitted to a French University-affiliated 
ICU between August 27, 2018 and January 18, 2022, within 3 months 
after CAR T-cell therapy.
Results: We report 33 ICU stays for 30 patients, out of 87 (i.e., 34.5% 
ICU admission) treated by CAR-T cell therapy during the study period. 
Hematological malignancies were predominantly lymphoma (76.7%) 
and multiple myeloma (16.7%). ICU admission occurred 5  days (IQR 
2.5–9.0) after CAR T-cell injection. Reasons for ICU admission were 
hemodynamic instability (42.4%), neurological failure (36.4%), and 
close monitoring (24.2%). Median SOFA andSAPS2 scores were 4 (IQR 
3.0–6.5) and 45 (IQR 37–50), respectively. All but one patient (n = 29, 
96.7%) met the criteria for cytokine release syndrome (CRS), of whom 
5 (17.2%) developed grade 3–4 toxicity. Immune effector cell-associ-
ated neurotoxicity syndrome (ICANS) occurred in 20 (66.7%) patients, 
of whom 12 (60%) had grade 3–4 toxicity. ICANS was identified 
4 days (IQR 2–4) after CRS, and 3 (10%) patients developed both CRS 
and ICANS grade 3–4 toxicities. Tocilizumab was used in 28 (93.3%) 
patients, with a median of 2 doses (IQR 1.0–3.0). Steroids were given 
in 24 (80%) patients, of whom 5 (20.8%) received high-dose pulse 
therapy. Broad-spectrum antimicrobial therapy was delivered during 
32 (97%) ICU stays. Overall, 15 (50.0%) patients had a documented 
infection. Bacterial infections were reported in 13 (43.3%) patients and 
2 (6.7%) patients had fungal infections (one pulmonary aspergillosis 
and one mucormycosis). Hemophagocytic syndrome was noted in 6 
(20%) patients. Life-sustaining therapies were required for 12 (36.4%) 
patients: 11 (33.3%) received vasopressors, 7 (21.2%) were mechani-
cally ventilated and 4 (12.1%) underwent dialysis. Overall, 3 (9.1%) 
patients died in the ICU (2 of them during a second ICU admission). 
At day-90, 11 (44.0%) patients were alive with complete remission, 5 
(20%) were alive with hematological malignancy relapse, and 9 (36%) 
died.
Conclusion: ICU admission is common after CAR T-cell therapy, mostly 
for the management of specific toxicities. Our experience is encourag-
ing with low ICU mortality despite a high rate of grade 3–4 toxicities, 
and almost half of the patients being alive in complete remission at 
day-90. Further studies are needed to improve the treatment of such 
toxicities which remains largely empirical.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Acute kidney injury (AKI) is the main complication of tumor 
lysis syndrome, and is associated with high mortality and short term 
morbidity. However, the impact of AKI in this setting with long-term 
outcome is poorly investigated.
Patients and methods/Materials and methods: We collected and 
analyzed data of a retrospective monocentric cohort of adult patients, 
hospitalized between January 2007 and December 2017, who survived 
to an episode of tumor lysis syndrome. Tumor lysis syndrome was 
defined according to Cairo and Bishop criteria (1). For each patient, 
we recorded the occurrence of death, hematological disease progres-
sion, and modification in further chemotherapy regimen. In addition, 

we recorded renal function evolution, every three months during the 
first year, then annually. Chronic kidney disease was defined as an 
estimated glomerular filtration rate under 60  ml/min/1.73   m2 (eGFR 
CKD-EPI). We compared patient’s evolution (survival, progression free 
survival, modification of chemotherapy regiment and chronic kidney 
disease occurrence) according to AKI occurrence (AKI group) or not 
(no AKI group) during the initial tumor lysis syndrome episode.
Results: 115 patients were included in this analysis. Acute leukemia 
and non-Hodgkin lymphoma accounted for 84% of malignancies. 
Median duration of follow-up was 24.8  months (IQR 25–75  months 
[4.4–70.5]). During the initial tumor lysis syndrome episode, 57 
patients experienced AKI. AKI and no AKI groups were similar at base-
line, and in tumor lysis syndrome management. At the end of follow-
up, mortality in the AKI group was 59.6% and 55,4% in the no AKI 
group (p = 0,644). Disease progression occurred in 44,4% and 39.2% in 
the AKI and no AKI groups, respectively (p = 0.587). We found a modifi-
cation of chemotherapy regimen in 18 patients, only in the AKI group. 
Among these patients, persistent renal failure was considered as an 
additional comorbidity leading to palliative care in 8 of them. Renal 
function evolution was available in 81 patients, with a median follow-
up of renal function of 39.9 months (IQR [25–75]: 13.2–78.7 months). 
CKD was observed in 21 patients (25.9%). CKD was mostly diagnosed 
during the first year after TLS (12/21 patients). No difference between 
AKI and no AKI groups was observed in CKD occurrence.
Discussion: AKI during tumor lysis syndrome was strongly associated 
with modifications in chemotherapy regimen. We found no impact of 
initial AKI on major patient’s centered outcomes, but our study may be 
underpowered.
Conclusion: AKI during tumor lysis syndrome impacts further chemo-
therapy regimen. Of note, more than one fourth of patients developed 
chronic kidney disease.
Reference 1: Cairo MS, Bishop M. Tumour lysis syndrome: new thera-
peutic strategies and classification. British Journal of Haematology. 
2004;127(1):3–11.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Non-occlusive mesenteric ischemia (NOMI) is a challenging 
diagnosis and is associated with extremely high mortality in critically 
ill patients, particularly due to delayed diagnosis and when compli-
cated by intestinal necrosis. Citrulline and intestinal-fatty acid binding 
protein (I-FABP) have been proposed as potential promising biomark-
ers but have never been studied prospectively in this setting.
Patients and methods/Materials and methods: We conducted a 
prospective observational study in 3 tertiary ICU centers. Diagnosis 
features and outcomes were compared according to NOMI, intestinal 
necrosis or ruled out diagnosis using stringent classification criteria.
Results: Diagnosis of NOMI was suspected in 61 patients and con-
firmed for 33 patients, with intestinal necrosis occurring in 27 
patients. Clinical digestive signs, routine laboratory results and CT 
signs of mesenteric ischemia didn’t discriminate intestinal necrosis 



Page 129 of 167Annals of Intensive Care  2022, 12(Suppl 1):54

from ischemia without necrosis. Plasma I-FABP was significantly 
increased in presence of intestinal necrosis (AUC 0.83 [0.70–0.96]). 
A threshold of 3114  pg/mL showed a sensitivity of 70% [50–86], 
specificity of 85% [55–98], a negative predictive value of 58% [36–
93] and a positive predictive value 90% [67–96]. Necrosis resection 
was significantly associated with ICU survival (38.5%), whereas no 
patient survived without intestinal resection (HR = 0.31 [0.12–0.75], 
p = 0.01).
Conclusion: In critically ill patients with suspected NOMI, intestinal 
necrosis was associated with extremely high mortality, and increased 
survival when intestinal resection was performed. Elevated plasma 
I-FABP was associated with the diagnosis of intestinal necrosis. Further 
studies are needed to set plasma I-FABP threshold valuable in clinical-
decision making.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The provision of adequate nutrition is an important part 
of the management of intensive care patients. Enteral nutrition (EN) 
is the preferred mode of feeding in these patients. However, some 
patients have an ileus that causes gastric stasis, which can lead to 
reflux of nutritional fluid with risks of micro-inhalation. Ultrasono-
graphic measurement of antral cross-sectional area (ACSA) is an easy 
and reliable bedside procedure to estimate the rate of full stomach in 
critically ill patients receiving EN in 30-degree head-of-bed elevation 
and supine position. This technique is already well recognized. The aim 
of this work was to analyze the relationship between the rate of full 
stomach and the SOFA score and its impact on the tolerance of enteral 
nutrition.
Patients and methods/Materials and methods: This prospective 
observational cohort study received approval (n°: L16-174) from 
the ethics committee (Comité pour la Protection des Personnes 
Sud-Est IV, Centre Léon Bérard, Lyon, France) and was registered 
in the public registry ClinicalTrials.gov, no. NCT03205592. In this 
prospective multicenter study, adult patients under mechanical 
ventilation were included, except supra-mesocolic surgery patients. 
Ultrasound examination of the gastric antrum was daily measured 
for five days long. Correlation was computed according to the 
method described by Bland and Altman specifically designed in 
order to compute correlation coefficient for repeated observation. 
Briefly, the coefficients of correlation (r) were estimated by mod-
eling the effect of the gradient on the severity and introducing the 
patient as a dummy variable. Then, the coefficient was computed 
by the square root of the sum of square of the gradient /(sum of 
square of the gradient + residual sum of square), and the p value 
derived from the F test in the associated analysis of variance table 
of the model.
Results: Thirty-five patients were analyzed: age = 61 ± 14, 9 female, 
SAPS 2 = 40 ± 17, admission SOFA = 4 ± 2. The incidence of full stom-
ach varied between 77 to 89% during the follow-up period. The 
repeated measures correlation was 0.087, p = 0.38 (Fig.  1). We found 
no relation between rate of full stomach and the incidence of ventila-
tor-associated pneumonia or vomiting. The incidence of full stomach 
was not influenced by diabetes, Covid, sepsis, trauma, sedation, nor-
epinephrine, renal replacement therapy or prone position.
Conclusion: Full stomach was frequently found but had no associa-
tion with the SOFA score nor pneumonia or vomiting in enteral fed ICU 
patients.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Acute respiratory distress syndrome (ARDS) is a syndrome 
of acute respiratory failure caused by a protein-rich alveolar edema 
fluid. Its incidence is variable and often related to a poor outcome. 
Extravascular lung water (EVLW) estimated by transpulmonary ther-
modilution using the PiCCO device is a hallmark of lung edema, and 
can help to predict the progression to lung injury in patients with risk 
factors. It is also an independent prognostic factor, and can further 
be used to guide fluid management. Thereby, we aim to evaluate the 
reproducibility of EVLW’s usefulness in critically ill cirrhotic patients.
Patients and methods/Materials and methods: The medical records 
of 90 critically ill cirrhotic patients who benefited of haemodynamic 
monitoring using the PiCCO device from January 2013 to November 
2019 were retrospectively reviewed. Independent risk factors and out-
comes were then analyzed according to whether their EVLW value on 
ICU admission was greater than 10 mL/kg or not.
Results: An EVLW > 10 ml/kg at ICU admission is associated with ARDS 
(32% vs 8% p < 0,01), and with the onset of ARDS during hospital stay 
(66% vs 33% p < 0,01). Using a ROC curve, an EVLW cutoff of 10 ml/kg 
has been defined with the best sensitivity (74%) and specificity (62%) 
threshold. There is no difference between the groups regarding ICU 
mortality rate (51% vs 55%, p = 0,71), nor regarding the proportion of 
patients with cirrhotic ascites (61% vs 73%, p = 0,21 et 78%, p = 0,95) 
or with pleural fluid (39% vs 24%, p = 0,14 et 66% vs 47%, p = 0,072), 
respectively on ICU admission and during the stay. In multivariate 
analysis, TIPSS history and ARDS during hospital stay were both inde-
pendent risk factors of EVLW > 10 ml/kg (OR = 7.7 [1.36 – 43]; p = 0.02 
and OR = 4.9 [1.9 – 12.6]; p = 0.001 respectively).
Conclusion: An EVLW > 10  ml/kg at ICU admission is associated with 
the onset of ARDS in critically ill cirrhotic patients, without interference 
in the measure from cirrhotic ascites or pleural fluid.
Reference 1: ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, 
et al. Acute respiratory distress syndrome: the Berlin Definition. JAMA. 
2012;307(23):2526–2533.
Reference 2: Monnet X. Transpulmonary thermodilution: advantages 
and limits. Published online 2017:12.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: This study describes the population of cirrhotic patients 
who were transplanted from the ICU in France. It identifies pre-trans-
plant risk factors of post-transplant mortality and describes geo-
graphic variations in ICU transplant activity.
Patients and methods/Materials and methods: Cirrhotic patients 
transplanted between 2008 and 2018 were included through the 
national transplant registry. The demographic, clinical and biological 
characteristics of the patients transplanted from the ICU were com-
pared to cirrhotic patients who were transplanted from home or from 
the hospital. Risk factors of post-transplant one-year mortality were 
identified in uni- and multivariable analysis within the population 
transplanted from the ICU. Funnel plots were used to illustrate center-
specific differences in ICU transplant activity.
Results: 1,047 cirrhotic patients were transplanted from the ICU dur-
ing the study period. While the national rate of transplants performed 
from the ICU was 14.3%, the absolute number and the proportion of 
cirrhotic patients transplanted from the ICU varied significantly from 
one center to another, ranging from 6.6% to 22.8% (p < 0.05) (cf. fig-
ure). The one-year post-LT survival rate for cirrhotic patients trans-
planted from the ICU was significantly lower compared to cirrhotic 
patients transplanted from the hospital and from home (77.1% vs 
88.0% vs 89.8% respectively, p < 0.0001). Three recipient associated 
independent risk factors of one-year post-LT mortality were identi-
fied in the population transplanted from the ICU: age > 50  years (HR 
1.65, 95%CI 1.16–2.36), p = 0.005), diabetes (HR 1.46, 95%CI 1.07–1.98, 
p = 0.02) and intubation (HR2.12, 95%CI 1.62–2.78), p < 0.001). Donor 
age was also independently associated with mortality (HR 1.01, 95%CI 
1.01–1.02, p < 0.001).
Conclusion: This study underlines the increased post-transplant mor-
tality among cirrhotic patients transplanted from the ICU. It identi-
fies four clinically pertinent independent risk factors associated with 
post-transplant mortality in this specific sub-group of transplant can-
didates. Finally, it illustrates how diverse the landscape of liver trans-
plantation for critically ill cirrhotic patients is across a single country, 
despite a unified allocation algorithm.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The aim of this study is to report on the liver transplant (LT) 
activity and post-LT outcome over time of grade 3 acute-on-chronic 
liver failure (ACLF3) patients in the largest single center cohort of 
patients transplanted with ACLF3 published in the literature. It aims 
at showing how pre-LT intensive care unit (ICU) management impacts 
post-LT outcome, in particular through monitoring the transplantation 
for ACLF3 model (TAM) score, which is based on the recipient’s age, 
arterial lactate level, white blood cell count and respiratory status.

Patients and methods/Materials and methods: 100 consecutive 
patients who had ACLF3 at the time of liver transplant between 2007 
et 2019 were included retrospectively. The cohort was divided in 2 
periods, with 50 patients in each period.
Results: There was a sharp increase in the number of ACLF3 patients 
transplanted over the course of the study period (from 4.2 to 12.4 
patients transplanted with ACLF3 per year), and significantly higher 
one-year post-LT survival in the second period compared to the first 
period (respectively 86% vs 66%, p = 0.035). Interestingly, patients dur-
ing both periods had similar severity profiles and scores, apart from a 
significantly lower number of patients with TAM scores > 2 at the time 
of LT in the second period compared to the first period. In addition, 
patients whose clinical condition improved in the ICU (with a TAM 
score being downstaged between admission and LT) had significantly 
higher post-LT survival rates than those whose TAM score stayed the 
same or increased: respectively 88% vs. 70% (p = 0.042). Finally, the 
predictive power of the TAM score increased as critically ill cirrhotic 
patients were closer to the time of LT (cf. figure). In particular, the TAM 
score was most predictive immediately prior to LT (at the time of organ 
proposal), with significantly higher survival rates for patients with TAM 
score 0–2 vs. TAM score > 2: respectively 85% vs. 8% (p < 0.0001).
Conclusion: This study shows a learning curve in LT for ACLF3 
patients, with optimized ICU management and patient selection lead-
ing to increased numbers of LTs for ACLF3 patients and improved post-
LT outcomes. It delineates how the TAM score can be used in practice 
to identify the optimal transplantability window for ACLF3 patients. 
It shows that the decision to transplant candidate with ACLF3 should 
not be made prematurely close to ICU admission but rather at the time 
of organ proposal and that patients whose clinical state improves in 
the ICU have better post-LT survival.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: After liver transplantation for acute liver failure (ALF), the 
majority of deaths occur early, in the days and weeks after surgery, due 
to organ dysfunctions or failures at the time of transplantation.
Patients and methods/Materials and methods: Between 2010 
and 2021, 105 consecutive patients (62 women, 43 men, mean age 
41.5  years) from a single center, with ALF registered for emergency 
liver transplantation were studied. Epidemiological, clinical, biologi-
cal and radiological characteristics were collected upon admission, at 
registration on the transplant list and at the time of transplantation. 
The objective was to determine the predictive factors associated with 
7-day mortality following the liver transplantation.
Results: The cause of ALF was paracetamol in 42 patients and non 
paracetamol in 63. Ninety-eight (93.3%) patients presented hepatic 
encephalopathy. Mean PT at admission was 17%. The mean SAPS 2 
and SOFA scores were 45.4 and 9.8 respectively. All fulfilled the crite-
ria for liver transplantation (King’s college and/or Clichy-Villejuif crite-
ria). At registration for the liver transplant, 53 patients (50.5%) were 
treated with renal replacement therapy, 44 (41.9%) received vasopres-
sor support, and 72 (68.6%) were on mechanical ventilation. Sixty-four 
patients were transplanted, 15 died prior to liver transplantation and 
26 improved without liver transplantation. Eight patients died follow-
ing liver transplantation. The main causes of death were: multi-organ 
failure (60.9%), brain death (26.1%), ARDS (8.7%) and ventricular fibril-
lation (4.3%). Among these patients, 6 died within 7 days of transplan-
tation and 2 after 8 days. The predictors of early mortality (day 7) at the 
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time of transplantation in univariate analysis were: anuria (p = 0.018), 
low pH (p = 0.038), low bicarbonate level (p = 0.0006) and high lactate 
level (p = 0.01). Three events occurring before liver transplantation 
were associated with an increased risk of early mortality: cardiopulmo-
nary arrest, total hepatectomy with portocaval anastomosis for toxic 
liver and extensive digestive ischemia. An increase in catecholamine 
doses was also associated with early mortality, although this associa-
tion was not statistically significant.
Conclusion: This single-center study made it possible to highlight sev-
eral predictive factors of early mortality after liver transplantation for 
ALF. The sample size was the main limitation of this study, and a multi-
center study is needed to determine independent risk factors.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Ventilator-associated pneumonia (VAP) is the most fre-
quent nosocomial infection in critically ill ventilated patients carrying 
high morbidity and an increase in healthcare costs. Oro-pharyngeal 
and lung microbiota have been demonstrated to be associated with 
VAP occurrence but gut microbiota involvement has not been inves-
tigated so far despite the relevance of the gut–lung axis in human 
health and diseases. The aim of this study is thus to compare the 
composition of the gut microbiota between patients who will subse-
quently develop VAP and those who will not.
Patients and methods/Materials and methods: A rectal swab was 
performed for routine faecal ESBL-E carriage screening at admission 
of every consecutive patient into intensive care unit (ICU) from Octo-
ber 2019 to March 2020. After DNA extraction, V3–V4 and ITS2 regions 
were amplified by PCR. Deep-sequencing was performed on MiSeq 
sequencer  (Illumina®); data were analysed using DADA2 pipeline.
Results: Among 255 patients screened, 42 (16%) patients with inva-
sive mechanical ventilation for more than 48 h were included, 18 (43%) 
with definite VAP and 24 without (57%). Patients with subsequent VAP 
had similar gut bacteriobiota and mycobiota α-diversities than those 
who will not develop VAP but gut mycobiota was dissimilar between 
those 2 groups. The presence of Megasphaera massiliensis was associ-
ated with the absence of VAP occurrence whereas the presence of Bifi-
dobacterium breve, Peptostreptococcus anaerobius, Enterococcus avium, 
Alternaria sp. and Saccharomyces kudriavzevii was associated with sub-
sequent VAP.
Conclusion: The composition of the gut microbiota, but not α diver-
sity, differs between critically ill patients who will subsequently 
develop VAP and those who will not. This study encourages for large 
multicentre cohort study investigating the role of gut-lung axis 
and oro-pharyngeal colonization in the development of VAP in ICU 
patients and identify potential probiotic candidates for tailored pre-
vention of VAP.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Despite a large number of scientific data supporting 
clinical benefit of selective decontamination in ICU patients with a 

decreased risk of multi-drug resistant micro-organisms acquisition, 
data regarding environmental impact are scarce. We aim to provide a 
better knowledge on the relationship between decontamination regi-
men and environmental contamination.
Patients and methods/Materials and methods: We conducted 
an observational analysis in a 14 beds French polyvalent ICU in 
Saint-Brieuc, Bretagne, France. As of 05th of May 2021, patients with 
expected mechanical ventilation duration over 24  h received multi-
ple site decontamination (MSD) regimen. MSD is a variant of selective 
digestive decontamination that included topical antibiotics (gentamy-
cin, polymyxin and amphotericin B) 4 times daily in the oropharynx 
and the gastric tub, without systemic antibiotic, in addition with a daily 
4% chlorhexidine bodywash and a 5-day intra nasal mupirocin course. 
Two-point prevalence study of sink contamination was performed on 
June 26th 2020 (pre-implementation) and October 20th 2021 (post-
implementation) in the 24 sinks of the unit, at least48 hours after last 
disinfection procedure.
Results: Samples from the pre-implementation period showed a 
higher rate of ESBL-PE with 12 sinks (50%) positive for 13 extended 
spectrum betalactamase producing enterobateriaceae (ESBL-PE) 
specimens as compared with 4 sinks (17%) containing 4 ESBL-PE dur-
ing post-implementation period (Macnemar paired test = 0.043). 
Conversely, the number of positive samples for imipenem resistant 
Pseudomonas aeruginosa (IRPA) increased 1 (4%) and 8 (33%) positive 
sinks in the pre and post-implementation periods respectively (Macne-
mar paired test = 0.046) (Figure). Of note, there were 11 Pseudomonas 
aeruginosa infections and 1 ESBL-PE infection during 6  months 
pre-implementation (3112 patients-days) as compared with 2 Pseu-
domonas aeruginosa and 1 ESBL-PE infections in the 6 months post-
implementation (2196 patients-days) (p = 1 for ESBL-PE infections and 
p = 0.023 for PA, poisson regression test).
Discussion: Previous studies already reported a diminution of colo-
nization with Gram-negative resistant bacteria in patients receiving 
decontamination regimens. Decrease in ESBL-PE sink colonization may 
be secondary to a decrease of patient-to-sink ESBL-PE transmission. 
Despite a diminution in the incidence of Pseudomonas aeruginosa 
infections between both periods, there are concerns regarding the 
increased in IRPA in the sinks. A study previously suggested that expo-
sure to common disinfectant leads to expression of outer membrane 
protein OprR, giving potential resistance to carbapenems.
Conclusion: In conclusion, we described for the first time a diminution 
of ESBL-PE but an increased in IRPA sink contamination with MSD regi-
men including topical antibiotic and chlorhexidine body wash.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Many published studies during the Covid-19 pandemic 
have focused on the respiratory component and their management 
while the hemodynamic component has had a major impact (1). 
Despite the important incidence of cardiac complications, few studies 
have reported the place of echocardiography in Covid-19 patients (2). 
Our study aimed to report the echocardiographic findings in severe 
covid-19 patients.
Patients and methods/Materials and methods: This is a retrospec-
tive descriptive study conducted at the medical intensive care unit of 
circumstance Hospital, between January 1, 2021 and December 31, 
2021. Were included the confirmed covid-19 patients of severe form 
and having benefited from a echocardiography at admission. An eval-
uation of the left ventricular function, the right one, the filling pres-
sures, the valves and the pericardium.
Results: 300 results were collected. Mean age was 57  years, 53.6% 
male. The BMI was 30.84. Comorbidities were hypertension 37.3%, dia-
betes 33.1% and cardiovascular pathologies 14%. The mean PaO2/FiO2 
ratio was 123 and the CT scan injury was 71.12%. The use of mechani-
cal ventilation was 57.7% and catecholamines 62.8%. The average 
length of stay was 10 ± 8  days. The incidence of thrombi-embolic 
events was 22.1%. Mortality was 45%. Cardiac ultrasound was totally 
transthoracic. LV ejection function was impaired in 20.8% (< 50% in 
women and < 55% in men). Septal hyperkinesia was observed in 4% 
revealing ACS. 3% had acute pulmonary heart disease as evidenced by 
the presence of a paradoxical septum. 31.6% had relaxation disorders 
and 1% had compliance disorders. The evaluation of the filling pres-
sures was in the gray zone for 33.7% and 2% elevated. The patients 
were mostly in hypovolemia 78.6% objectified by an inferior vena cava 
diameter lower than 15 cm. PAH was found in 10% of cases. Valvulopa-
thies were  present in 10.9%, dominated by mitral insufficiency 42% 
and tricuspid insufficiency 58% minimal justified by ARDS. Pericardial 
effusion was found in 13.9%, of minimal to moderate abundance.
Conclusion: Our study underlines the contribution of cardiac ultra-
sound in severe covid-19 to detect cardiac complications, the reper-
cussion of ARDS in the hemodynamics and to guide the adequate 
management.
Reference 1: J Am Soc Echocardiogr. août 2020;33(8).
Reference 2: J Am Coll Cardiol. 19 janv 2021;77(2).
Compliance with ethics regulations: Yes in clinical research.
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Rationale: SARS-COV2 virus is responsible for hypoxemic pneumonia 
that can evolve into an acute respiratory distress syndrome The Toci-
lizumab is indicated in the treatment of severe syndromes caused by 
cytokine release induced by CAR-T lymphocytes and therefore the 
objective of this study is to determine the contribution of this mole-
cule in the treatment of critical patients infected with SARS-COV2.
Patients and methods/Materials and methods: it  is a descriptive 
retrospective study including 20 patients hospitalized in an intensive 
care unit for a SARS-COV2 pneumonia during the period extending 
from March 2021 to October 2021. These patients have received 2 
doses of Tocilizumab equivalent to 8 mg per kg within an interval of 
48 h between the two doses. The inclusion criteria are patients with an 
elevated level of IL6 (superior to 7 pg/ml), hospitalized in an intensive 
care unit, under high oxygen flows (superior to 10  l/min). The exclu-
sion criteria are the presence of a bacterial infection, hepatocellular 
failure, thrombocytopenia, pregnancy and intubated patients.
Results: our study included 20 patients with an age average of 
56 years and a sex ratio of 1.16. These patients are classified ASAII at 
minimum. All patients were under corticosteroid therapy .16 patients 

had a thoracic scan revealing a lung damage extended on 25% to 50%. 
During their stay in the ICU, all of these patients presented with a res-
piratory deterioration between the third and 22nd day of evolution. 
80% of patients were under either a high flow oxygen or high concen-
tration mask and 20% were under a non-invasive ventilation. Before 
the administration of the cure, their level of IL6 was between 12 and 
107 pg/ml, the level of AST was between 18 and 76 IU/L and the level 
of AlT was between 12 and 73  IU/L. The treatment was administered 
between day 5 and day 19 The complications induced by the treat-
ment were a respiratory deterioration in 80% of the cases, a nosoco-
mial infection in 15%, hepatic cytolysis in 10%, and anaphylactic choc 
in 5% After a week, 30% of patients were out of the ICU and put under 
oxygen with a flow between 6 and 15 l/min while 70% were still under 
mechanical ventilation.
Conclusion: In Tunisia the number of reported cases is still low. How-
ever, it is essential to conduct further clinical trials to evaluate the effi-
ciency as well as the timing of administration of Tocilizumab in relation 
to the beginning of symptoms especially that this treatment is not risk 
free.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Corona virus disease 19 (Covid-19) affects especially the 
respiratory tract, and induces lung injury which may progress to the 
acute respiratory distress syndrome (ARDS). Various treatment options 
were tried all over the world, corticosteroids had showed beneficial 
effects. The Objective of this study, is to compare the safety and effi-
ciency of two corticosteroids: dexamethasone and prednisolone in the 
treatment of Covid-19 infection.
Patients and methods/Materials and methods: This retrospective 
and comparative study included 513 patients diagnosed with Covid-
19 infection and were admitted to intensive care unit of our univer-
sity hospital center of MOHAMMED VI Oujda from March 1, 2020, to 
December 31st, 2020.
Results: In this study, 513 cases were included, 230 patients received 
methylprednisolone, and 283 were treated with dexamethasone. The 
median age in methylprednisolone group was 64 years, and 63 years 
in the second group treated with dexamethasone. Patients treated 
with dexamethasone had more critically lesions compared to patients 
treated with methylprednisolone (67.6%), these patients had a good 
evolution with a significant reduction of oxygen supplementation, 
lower use of invasive ventilation and a significant improvement in 
biological parameters. The difference in outcome between the two 
groups in terms of mortality was significantly reduced in the second 
group.
Conclusion: Both steroids are efficient in the management of mild, 
moderate and severe Covid-19 pneumonia with a clear superiority of 
dexamethasone especially in severe forms.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: COVID-19 pandemic has rapidly required an increased 
number of ICU admission and deaths. In view of this alarming situa-
tion, it became mandatory to develop prognostic models to evaluate 
critical COVID-19 patients. We aimed to study the characteristics and 
prognosis of adult patients with critical COVID-19 requiring hospitali-
zation in ICU during 2nd, 3rd and 4th waves of the pandemic in order 
to identify the predictive factors of mortality.
Patients and methods/Materials and methods: We retrospectively 
evaluated a cohort of consecutive COVID-19 critically ill patients 
admitted to ICU with a confirmed diagnosis of SARS-CoV-2 pneumo-
nia. A multivariable regression model including demographic, clinical 
and laboratory findings was developed to assess the predictive value 
mortality of these variables using the ROC curves. Our main outcome 
was ICU mortality.
Results: 358 were included (genre-ratio = 1.75, mean 
age = 60 + 13  years, median BMI = 27.7  kg/m2 and SOFA = 4 [3–6]). 
The most observed age class was 60–79 and 44% were obese. 72 
(20%) had no comorbidities. Arterial hypertension (40.2%) and diabe-
tes (39.1%) were the most reported co-morbidities. The median time 
of respiratory distress from the symptomatology onset was 11  days 
[8–15]. Clinical signs were: dyspnea (94%), fever (72.6%) and cough 
(70.4%). The median P/F ratio was 90 [67–129.5] and 58.5% of patients 
were in severe ARDS. In 45% of cases, ground-glass opacities exceeded 
50% in the chest CT. 218 patients (61%) required mechanical ventila-
tion (MV) and among them 12 (5.5%) were successfully weaned. The 
most complications were shock (49%), acute kidney injury (31%) and 
ICU related infection (34%). The evolution was fatal in 64% of cases 
(n = 229). In Multivariable Model: Tachycardia (HR > 99  bpm), an ini-
tial P/F ratio < 107 and MV were the factors independently associated 
to mortality with respectively OR [95% CI] at 39.9 [1.2–1307], 424 
[2,23–80560] and 2235 [2,74–181842]. Other factors tended to the sig-
nificance: SOFA > 3.5 (OR = 292 [0.9–9715], p = 0.055), a lymphocyte 
count < 555 el/mm3 (OR = 92,3 [0.84–1073], p = 0.059) and occurrence 
of shock (OR = 119 [0.99–15679], p = 0.055). The most predictive death 
factors were the use of MV (AUC/ROC = 0.904 [0.866–0.941], p < 10–3, 
Se = 90% and Sp = 90.7%) and shock (AUC/ROC = 0.854 [0.814–0.895], 
p < 10–3 and Sp = 96.2%). The other variables had significant AUC/ROC 
but a low predictivity (table).
Conclusion: in our large series, independent factors of mortality were 
a deep hypoxemia, tachycardia, mechanical ventilation, and with a 
trend to a signficance shock, presence of more than 3 organ dysfunc-
tions and lymphopenia. The highly predictive death factors were MV 
and Shock.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: To describe the specific epidemiological profile of post-
COVID patients consulting in the emergency ward, the characteristics 
of the infectious episode, these repercussions on daily life as well as 
data concerning the symptoms, the problems and the reasons for 
consulting.
Patients and methods/Materials and methods: This is a descriptive 
prospective study collecting post-COVID patients, who presented to 
the medical emergency ward, regarding age and reason for consulting 
during the period from 1 June to 30 August 2021.
Results: 111 patients returned for emergency care after a median 
period of 8 ± 2  days, with 32.4% requiring readmission. Mean age 
was 54 ± 18  years, 42.9% men. Their chronic medical conditions 
included hypertension 25 (22.5%), diabetes mellitus 26 (23.4%) 
and coronary artery disease 4 (3.6%). The reasons for consulting 
the emergency ward, were mainly represented by exacerbation of 
dyspnea (39%). Main reasons for readmission were acute respira-
tory failure (25.2%), chest pain (25.2%). The rate of arterial or venous 
thromboembolic complications in COVID-19 patients was (21%). 
Among patients readmitted to the hospital 4% were hospitalized in 
intensive care unit.
Conclusion: The follow-up of post-COVID patients is very interesting. 
It makes it possible to identify different problems that can be classified 
as acute complication or a post-COVID syndrome, including respira-
tory failure. It requires monitoring and multidisciplinary care involving 
many specialties.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The generalization of vaccination against SARS-CoV-2 is 
one of the pillars of the strategy to fight against the virus spread and 
limit the morbidity and mortality. In this context, the role of caregivers 
is paramount by being a frequently requested source for information 
and influence. OBJECTIVE: To assess the knowledge and perception of 
healthcare givers (HCG) working in COVID sectors regarding the SARS-
CoV-2 vaccine.
Patients and methods/Materials and methods: Online survey tar-
geting HCG working in the COVID sectors of Tunisia. The questionnaire 
was created on the Google-Forms platform exploring 3 sections: per-
sonal data, knowledge and perceptions about vaccination.
Results: 282 HCG responded to the questionnaire. The majority 
were medical physicians (199 (70.5%) including seniors (n = 106). 
The age range of 18–39  years was predominant (68%) and the sex 
ratio (M/F) = 0.35. Medical HCG exercised in university hospitals in 
230 cases, private (n = 15) and regional (n = 37) and intensive care 
accounted for 43% of the nature of COVID activity. Half (48%) con-
tracted the virus SARS-CoV-2 and the clinical form was considered 
minor in 82% of cases and severe requiring resuscitation in 5 cases. 
87% received their full dose and 45% were within 3–6  months of 
the 2nd dose. Pfizer-Biontech (48%), Sputnik (34%) and Chinese vac-
cines (13%) were the most received. As for knowledge and opinions, 
there was a discrepancy between the medical and paramedical HCG: 
the second category was less convinced by the vaccination, recom-
mended the vaccine less to their advice seekers, believed less that 
immunity would be better acquired by the disease than by the vac-
cine and had less confidence in science in the development of the 
anti-SARS-CoV vaccine. Twenty-five (9%) of the responders consid-
ered themselves to be anti-vaccine (medical HCG: 4 and paramedi-
cal HCG: 21) and the main reason was the lack of information about 
vaccines.
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Conclusion: The existing perception and attitude of frontline health 
workers differ depending on medical or paramedical status. Motiva-
tion and positive influence were felt less by the second population. 
Measures are essential to minimize these gaps: more awareness pro-
grams adapt communication strategies, obligations? …
Compliance with ethics regulations: N/A.
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Rationale: The health crisis linked to COVID-19 has significantly 
changed the organization and the context of care in intensive care 
units (ICU). New and numerous stressors have been added to the 
stressors already present in the units (1). One of the specificities of 
this crisis is notably its duration and its uncertain outcome. In this 
context, acute and chronic stress have been combined, constituting 
the risk of developing stress-related disorders that become chronic 
in ICU professionals. The objective of this paper is to present the 
psychological impact of the health crisis on intensive care workers 
1 year and 2 months after its first peak in France.
Patients and methods/Materials and methods: Between 21 June 
and 19 July 2021, 840 professionals (physicians, residents, nurses, 
nurses’ aides, students, and nursing managers) in 48 French hos-
pitals took part in the PsyCOVID-ICU study. An online question-
naire was administered online via the Limesurvey platform. We 
assessed the severity of PTSD symptoms (IES-R), burnout (MBI-
HSS), perceived stressors (PS-ICU) and the support used to cope 
with professional stress (colleagues, hierarchy, entourage, hotline, 
psychologist).
Results: The results show that 60.24% of the professionals had 
burnout. Of these, 16.38% also had possible PTSD. Only 2.4% of 
the professionals had possible PTSD without burnout. Profession-
als who suffered from both possible PTSD and burnout perceived 
significantly more stress than other professionals (ps < 0.002). They 
were particularly sensitive to the perception of a heavy workload 
and difficulties related to human resources management. Most of 
these professionals turned to support from their colleagues and 
relatives (ps < 0.025) and the least to the hotline (ps < 0.001).
Conclusion: This study illustrates the long-term effects of the health 
crisis on the mental health of intensive care professionals. It high-
lights a population of ICU professionals who are particularly sensitive 
to stress in the ICU one year after the crisis and who suffer from post-
traumatic stress and burnout.
Reference 1: Laurent A., Fournier A., Lheureux F, …. Quenot JP. (2021). 
Mental health and stress among ICU caregivers in France according to 
intensity of the COVID-19 epidemic. Annals of intensive care. 4;11(1):90. 
https:// doi. org/ 10. 1186/ s13613- 021- 00880-y.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: SARS-CoV 2 is likely transmitted between humans through 
direct contact and/or infectious droplets and aerosols. Droplets are 
defined as particles over 5 µm and aerosols as particles less than 5 µm 
diameter. Our aim was to estimate the location of the particles within 
a real intensive care room when hosting a patient with COVID-19 and 
assess the presence of SARS-CoV-2 in these particles.
Patients and methods/Materials and methods: We used the archi-
tectural features of several individual rooms of our Intensive Care 
department, the prescribed and measured heating, ventilation, and 
air-conditioning characteristics. We modeled the air flow and droplet 
dynamics using Computational Fluid Dynamics. Unsteady RANS, three-
dimensional numerical simulations used a k-w SST turbulence model 
with heat transfer and buoyancy for natural convection. The computa-
tional domain included the room ventilation system with piping and 
vents, air leakage from the doors, and the main objects in the rooms. Air 
and surface samples for SARS-CoV-2 PCR were guided by the simulation.
Results: The measured HVAC characteristics in terms of air flow were 
different than the prescribed one. Simulations showed that droplets 
were mostly present on the workbenches and on the floor in front of 
the door, and that aerosols flew vertically towards the ceiling, stayed in 
suspension or followed the leakage around the doors. SARS-CoV-2 was 
searched in the rooms of 9 patients treated with high flow oxygen and 
nasal Ct between 17 and 31. PCR was positive in 10/25 (40%) surface 
and 3/15 (20%) air samples where it was expected by simulation, and 
in 1/5 (20%) surface and 0/12 air samples where it was not expected. 
Positive surfaces were air-extract units, the floor in front of the door 
and the nurse workbench. Positive air samples were over the patient’s 
head and in front of the door outside the room. Additional samples are 
underway to increase the prediction of the computational model.
Conclusion: In our institution, the observed HVAC characteristics are 
different from the prescribed ones. Taking the actual characteristics 
of the rooms into account and using a numeric 3-D simulation model, 
the use of a computational model accurately predicts locations where 
SARS-Cov-2 particles can be found.
Compliance with ethics regulations: Yes in clinical research.

Numeric 3-D simulation model

https://doi.org/10.1186/s13613-021-00880-y
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Rationale: Up to 70% of intensive care unit patients report thirst. 
Thirst provokes the urge to drink fluids. This multidimensional symp-
tom is described in terms of intensity and dry mouth. Few studies have 
investigated thirst relief in intensive care unit patients and none has 
focused on mechanically ventilated (MV) patients. Relieving thirst usu-
ally involves giving the patient something to drink; unfortunately, in 
this population, it is difficult to meet this need and alternative inter-
ventions are needed. Our objective was to evaluate and to compare 
the impact of auditory and a sensory stimulations on the intensity of 
thirst in critically ill patients undergoing invasive or non-invasive MV. 
This is an ancillary study of the “Sensopnea 2” study.
Patients and methods/Materials and methods: Patients MV for 
more than 48 h with a dyspnea intensity ≥ 40 mm on a visual analog 
dyspnea scale (Dyspnea-VAS) were included (inclusion criteria of the 
Sensopnea 2 study). Two visual analog scales (Thirst-VAS and Dry 
mouth-VAS) assessed thirst and dry mouth sensation. We studied 
the following interventions: 1) a relaxing standardized music piece 
vs. a "pink" noise as a control (auditory stimulation), and 2) fresh air 
directed toward the face vs. the thigh as a control (sensory stimula-
tion). A washout period separated each condition.
Results: We included 46 patients, 19 tracheostomized (41%), 18 intu-
bated (39%) and 9 under non-invasive ventilation (20%). Median 
(interquartile range) age was 63  years (54–73) and duration of 
mechanical ventilation was 33 days (7–49). Figure 1 shows Thirst-VAS 
and Dry mouth-VAS during sensory stimulation and auditive stimula-
tion with their control. Compared to their respective control group, 
the two interventions decreased Thirst-VAS: 1) auditory stimulation 20 
[0–30] vs. 30 [0–40], p = 0.0004 and 2) sensory stimulation 30 [20–50] 
vs. 40 [30–50], p = 0.0025). Compared to their respective control group 
the two interventions decreased Dry mouth-VAS: 1) auditory stimula-
tion 30 [10–40] vs. 40 [30–70], p = 0.0002 and 2) sensory stimulation 30 
[0–60] vs. 40 [30–60], p = 0.0013).
Conclusion: In critically ill dyspneic MV patients, auditory and sensory 
stimulations decrease thirst and dry mouth sensation.
Compliance with ethics regulations: Yes in clinical research.

VAS Visual analogue scale **p < 0.01, ***p < 0.001
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Rationale: Recent studies suggest that low vitamin D level is asso-
ciated with an increased risk of hospitalization, critical care use, 
enhanced systemic inflammation and  mortality1,2. The objective of this 
study was to determine the prevalence of hypovitaminosis D and vita-
min D deficiency in patients hospitalized in a respiratory weaning unit 
and the impact on weaning outcomes after a prolonged ICU stay.
Patients and methods/Materials and methods: This is a prospec-
tive, descriptive cohort study of patients hospitalized in respiratory 
weaning unit after a prolonged ICU stay over the year 2021. Plasma 
25-hydroxyvitamin D concentrations ([25(OH)D]) was collected from 
the 48-h admission blood test. We defined hypovitaminosis D by 
[25(OH)D] < 30  ng/mL and vitamin D severe deficiency by [25(OH)
D] < 10  ng/mL. We also compared the biological data and weaning 
outcomes of patients with hypovitaminosis D and patients with nor-
mal levels.
Results: We analyzed 136 patients (mean age 63 ± 12 years; male 70%; 
COVID 70%) hospitalized in a weaning unit for mechanical ventilation 
and/or tracheostomy after prolonged stay in the ICU. On admission, 
the prevalence of hypovitaminosis D was 88.3% (n = 120), the preva-
lence of severe deficiency was 3.7% (n = 5) and the mean [25(OH)D] 
was 20.7 ± 7.9 ng/mL. No statisticial difference on [25(OH)D] levels was 
found between patients with successful decannulation and those with 
failed decannulation: 20.7 ± 8.3 vs 20.7 ± 5.6 ng/mL (p = 0.98). In hypo-
vitaminosis D group, phosphorus was statistically lower than in the 
other group: 1.08 ± 0,32 vs 1.25 ± 0,27 p = 0.035. No statistical differ-
ence was found on weaning outcomes (Table I).
Conclusion: The prevalence of hypovitaminosis D is major in wean-
ing unit after a prolonged ICU stay. Among the other biomarkers, only 
phosphorus is lower in the deficient group probably related to its role 
in the metabolism of vitamin D. However, vitamin D deficiency does 
not appear to be a factor influencing weaning’s outcomes. Screen-
ing and treatment are still necessary in the treatment of long-term 
complications.
Reference 1: Bychinin MV, Klypa TV, Mandel IA, Andreichenko SA, Bak-
laushev VP, Yusubalieva GM, Kolyshkina NA, Troitsky AV. Low Circulat-
ing Vitamin D in Intensive Care Unit-Admitted COVID-19 Patients as a 
Predictor of Negative Outcomes. J Nutr. 2021 Aug 7;151(8):2199–2.
Reference 2: Pimentel GD, Dela Vega MCM, Pichard C. Low vitamin 
D levels and increased neutrophil in patients admitted at ICU with 
COVID-19. Clin Nutr ESPEN. 2021 Aug;44:466–468.
Compliance with ethics regulations: Yes in clinical research.

Table I Biomarkers and weaning outcomes in hypovitaminosis D group 
and normal vitamin D group.
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Rationale: Diabetes insipidus is one of the complications of brain 
death. Its management consists in the introduction of desmopressin. 
There are no studies focusing on the dosage and timing of desmopres-
sin administration in brain dead organ donors. It’s possible that the 
earliest administration of desmopressin in relation to the diagnosis of 
central diabetes insipidus and at high doses may influence the hemo-
dynamics of donors, their renal function and recipient in the short and 
long term. The objective of our study is to compare, after introducing 
a new protocol in 2018, the modalities of desmopressin administration 
in terms of time of introduction and dosage and then the impact on 
hemodynamics, donor renal function, and the impact on renal func-
tion of renal transplant recipients.
Patients and methods/Materials and methods: We conducted a sin-
gle center, retrospective study. A total of 196 patients were included, 
with a diagnosis of brain death, during a period of 6 years. The proto-
col used during the first period between 2015 and 2017 was, after the 
diagnosis of diabetes insipidus, the infusion of a bolus of 1 µg of desm-
opressin, then 1ug every 6 h according to evolution. The new protocol 
was infusion of a bolus of 2 µg of desmopressin then continuous infu-
sion of 4 µg/24 h, with the possibility of additional boluses. The data 
on the recipients was sent to us by the biomedicine agency.
Results: We found a statistically significant difference in the delay 
of desmopressin introduction (4H group 2015–2017 vs. 1H group 
2018–2020), as well as in the total dosage administered (1  µg 2015–
2017 vs. 4  µg 2018–2020). We found a significant difference in the 
administration of glucose solution (4L group 2015–2017 vs 2.5L 
group 2018–2020), as well as a significant difference in the dosages 
of noradrenaline administered (0.2 gamma/kg/min group 2015–2017 
vs 0.1 gamma/kg/min group 2018- 2020 p = 0.04). We noted higher 
natremia in the first group, not significant (148  mmol/l group 2015–
2017 vs 146 mmol/l group 2018–2020). However, we did not find any 
differences in the renal functions of the donors or recipients. The num-
ber of functional grafts at 1 year was higher in the 2018–2020 group.
Conclusion: This study, the first to compare 2 methods of desmo-
pressin administration in brain-dead donors. It shows that increasing 
dosages and reducing the time of administration is safe, allows better 
haemodynamic management of donors and may improve long-term 
renal transplant outcomes.
Compliance with ethics regulations: Yes in clinical research.

Analysis of the grafts that have regained their functions
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Rationale: Although congestion has been identified as a main con-
tributing element to the cardio-renal syndrome in acute right heart 
failure (RHF), right atrial (RA) mechanical performance has never been 
evaluated to predict worsening renal failure.
Patients and methods/Materials and methods: The aim of our study 
was to analyze the prognostic value of RA Strain in precapillary pulmo-
nary hypertension (PH) patients admitted in intensive care unit (ICU) 
for acute RHF at admission and at day three. Congestion was assessed 
by alteration of the intrarenal Doppler, sushepatic and portal vein flow. 
The primary endpoint was the occurrence of acute kidney injury (AKI) 
KDIGO I–III.
Results: Among the 64 patients analyzed (66% female, age 
60 ± 16 years), all patients received intravenous diuretics and 36 (56%) 
required inotropic and/or vasopressor support. At ICU admission, the 
median values of peak, conduit, boost RA Strain and RA ejection frac-
tion (EF) were respectively 12% [8–20], − 5% [7–4], − 7% [10–4] and 
31% [20–41]. There is a good interobserver correlation (Rho = 0.94; 
p < 0.01). Peak RA strain higher than median value was significantly 
associated with higher eGFR (p = 0.02), lower renal resistive index 
(RRI; p = 0.01), lower renal venous stasis index (RVSI; p < 0.01) and 
lower volume excess ultrasound (VExUS; p < 0.01). A primary endpoint 
event occurred in 17 patients (26%). Event rate was higher in low RA EF 
(p = 0.02), in high RRI (p = 0.01) and high RVSI (p < 0.01) groups. At day 
3, an increase in peak RA Strain and RA EF was both associated with 
fewer worsening of renal function. Patients with peak RA Strain > 20% 
at admission does not develop AKI during the stay.
Conclusion: RA Strain seems to be an easy-to-use bedside and rele-
vant tool for evaluation of cardio-renal syndrome. It could help to pre-
dict worsening renal function in acute RHF.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The therapeutic management of sepsis includes control of 
the infectious source, fluid resuscitation associated with the introduc-
tion of catecholamines, primarily norepinephrine to maintain a mean 
arterial pressure (MAP > 65 mmHg). However, this MAP target remains 
debated, especially since MAP is not a direct reflection of tissue perfu-
sion. Some authors suggest that MAP should be adapted individually 
to tissue perfusion. The objective of our work is to evaluate if a strat-
egy called permissive hypotension, which consists in tolerating a mod-
erate arterial hypotension when peripheral perfusion is preserved, has 
an impact on the fluid balance and on the renal function.
Patients and methods/Materials and methods: This was a single-
center observational study. Patients with sepsis and MAP < 65 mmHg 
after 30  mL/kg fluid resuscitation were included. We compared 2 
groups of patients, a so-called Septic Shock group that received 
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norepinephrine to maintain MAP > 65 mmHg and a Permissive Hypo-
tension group in whom moderate hypotension was tolerated. The 
volume of fluids administered and the renal outcome (diuresis and 
change in creatinine) during the first days of management were 
studied.
Results: Over a period of 1  year, 94 patients were included, 79 in 
the septic shock group and 15 in the permissive hypotension group. 
Severity, assessed by SAPS 2 (60 [45–86] vs 45 [27–46], P = 0.0001) and 
SOFA score (7 [5–10] vs 4 [1–6], P < 0.0001), was greater in the Septic 
Shock group, as was organ support: invasive mechanical ventilation 
(71% vs 0%, P < 0.0001) and extra-renal replacement therapy (20% vs 
0%, P = 0.06). In univariate analysis, mortality was lower in the Per-
missive Hypotension group (0% vs. 38%, P = 0.004) as was length of 
stay among survivors (3 [2–5] vs. 7 [4–14] days, P = 0.0004). The vol-
ume of fluid administration before admission to the ICU did not dif-
fer between the 2 groups (26 [20–32] vs 24 [18–33] mL/kg, p = 0.8. In 
contrast, during the first 6 h in the ICU, the volume administered was 
significantly lower in the Hypotensive Permissive group (500 [0–1000] 
versus 1000 [500–1500], p = 0.03). Renal function improved faster in 
the Permissive Hypotension group with a significantly lower KDIGO 
score at 48 h (0 [0–1] vs. 1 [0–2] (p < 0.05). Blood creatinine levels were 
not different at discharge between the 2 patient groups.
Conclusion: Permissive hypotension in sepsis, in the absence of clini-
cal peripheral perfusion abnormalities, is very well tolerated. It is not 
accompanied by excess vascular filling or negative impact on renal 
function.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Cardiopulmonary bypass (CPB) during cardiac surgery 
leads to deleterious systemic inflammation. We hypothesized that 
TREM-1, a myeloid receptor, is engaged during CPB and shed in 
plasma.
Patients and methods/Materials and methods: During non-urgent 
cardiac surgery, we assessed 1/the kinetics of myeloid TREM-1 expres-
sion (flow cytometry), 2/the relationship between soluble (s)TREM-1 
and pro-inflammatory cytokine plasma levels (ELISA) and 3/the asso-
ciation between sTREM-1 levels and postoperative outcome.
Results: In a first pilot study (N = 11), TREM-1 expression on neutro-
phils decreased between H0 and H2 while sTREM-1 plasma levels 
increased. In a second prospective cohort (N = 46), sTREM-1 levels 
increased at H2 and at H24 (p < 0.001). IL-6, IL-8, G-CSF and TNF-a, but 
not IL-1b, significantly increased at H2 compared to H0 (p < 0.001), but 
dropped at H24. Principal component analysis showed a close relation-
ship between sTREM-1 and IL-8. Three patterns of patients were identi-
fied: Profile 1 with high baseline sTREM-1 levels and high increase and 
profile 2/3 with low/moderate baseline sTREM-1 levels and no/moder-
ate increase overtime. Profile 1 patients developed more severe organ 
failure after CPB, with higher norepinephrine dose, higher SOFA score 
and more frequently acute kidney injury at both H24 and H48. Acute 
atrial fibrillation was also more frequent in profile 1 patients at H24 
(80% vs 19.4%, p = 0.001). After adjustment on age and duration of 
CPB, sTREM-1 levels at H2 remained associated with ICU and hospital 
length of stay.
Conclusion: Early changes in sTREM-1 levels after cardiac surgery 
identified patients at high risk of post-operative complications and 
prolonged length of stay.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The impact on renal function of balanced crystalloids ver-
sus normal saline has been extensively studied in recent randomised 
trials (1). However, few data are available regarding their impact 
on renal recovery, particularly in patients admitted to the ICU and 
receiving renal replacement therapy at admission. The objective of 
our study was to evaluate the impact of balanced crystalloids versus 
normal saline on renal recovery in patients admitted to the ICU for 
septic shock complicated by acute renal failure requiring continuous 
hemofiltration.
Patients and methods/Materials and methods: We conducted a 
single-center retrospective study including patients hospitalized in 
the intensive care unit between 2014 and 2019 who presented a sep-
tic shock with acute kidney injury requiring renal replacement therapy 
(RRT) within the first 48  h. The patients included were classified into 
two groups according to their exposure to balanced crystalloids. The 
primary endpoint was early renal recovery defined as definitive wean-
ing from RRT by day 7.
Results: Of the 91 patients included in the study, 38 were classified in 
the balanced crystalloid (BCs) group and 53 in the unbalanced crys-
talloid (UBCs) group. The median volume of balanced crystalloids 
administered during the first 7 days was 0 ml (IQR [0;500]) in the UBCs 
group and 2000  ml (IQR [1312.5;2500]) in the BCs group (p < 0.001). 
The total volume of fluids administered was not statistically differ-
ent between the BCs group and the UBCs group (p = 0.67). On day 7, 
47.4% of patients in the BCs group recovered versus 58.5% in the UBCs 
group (p = 0.29). There was no difference after adjustment on con-
founding factors in multivariate analysis. The mean duration of RRT, 
maximum chloruremia, and ICU mortality were not significantly differ-
ent between the two groups. In multivariate analysis, a positive fluid 
balance lower than 5% of baseline weight was associated with better 
renal recovery (OR 0.35; [0.13; 0.9]).
Conclusion: Our study did not find a benefit to the use of balanced 
crystalloids on renal recovery in our population of patients with sep-
tic shock complicated by AKI requiring early continuous hemofiltra-
tion. Further studies are needed to determine whether using balanced 
cristalloids improves renal recovery when renal replacement therapy 
is required.
Reference 1: Semler MW, Self WH, Wanderer JP, Ehrenfeld JM, Wang 
L, Byrne DW, et  al. Balanced Crystalloids versus Saline in Critically Ill 
Adults. N Engl J Med. mars 2018;378(9):829–39.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Anemia affects about two thirds of patients at admission 
to the ICU (1), and may lead to transfusions that may cause complica-
tions. Our objective was to specify the risk factors of mortality of ane-
mic patients in our department.
Patients and methods/Materials and methods: Retrospective 
cohort over 1 year, in the intensive care unit of the 20 August hospi-
tal of Casablanca. All patients with anemia below 13 g/dl for men and 
12  g/dl for women were included and excluded those coming from 
the hematology department or followed for a hematopathy.
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Results: Out of 442 hospitalizations, 160 were included. The incidence 
of anemia was 36%. The mean age was 45  years, sex ratio M/F was 
1.58. 26% were admitted for postoperative cephalic surgery and 12% 
for diabetic ketoacidosis. 82% of the patients were anemic at admis-
sion. Clinical signs were dominated by tachycardia (59%) and neu-
rological disorders in (41%). Ferritinemia was collapsed in 39%, the 
infectious workup was positive with CRP and PCT elevated in 72% and 
78% of cases respectively. 49% were transfused with red blood cells. 
73% stayed less than 7 days and 15% more than 14 days. At discharge, 
40% of the patients exceeded the threshold of 13  g/dl. 24% of our 
patients died. In multivariate analysis, the degree of anemia was not a 
risk factor for mortality, unlike SOFA score > 5 (OR 6.9 IC95% [2.7–17.4]) 
and blood transfusion which was a protective factor (OR = 0.3 IC 95% 
[0.2–0.7]).
Conclusion: The degree of anemia was not associated with mortal-
ity in our study, contrary to the SOFA score, because it is probably the 
comorbidities and the causal pathology that cause death.
Reference 1: 1- Zittoun J. Anémies macrocytaires carentielles. EMC 
13–001-10 n.d.
Compliance with ethics regulations: Yes in clinical research.

FC‑208 
Thombotic microangiopathy in ICU: a retrospective study 
of 20 years
KHARRAT  Sana1, TURKI  Olfa1, CHTARA  Kamilia1, BRADAII  Sabrine1, 
BAHLOUL  Mabrouk1, BOUAZIZ  Mounir1

1CHU Habib bourguiba Sfax, Sfax, Tunisie 
Correspondence: Olfa TURKI (olfa.turki.rea@gmail.com)
Annals of Intensive Care 2022, 12(1):FC-208

Rationale: Thrombotic microangiopathy (TMA) is a rare condition. 
It covers a group of related disorders characterized by thrombosis in 
the micro-vascularization and by consequence organ dysfunction. It 
is responsible for significant morbidity and mortality. However, only a 
few reports have been published so far. The aim of the study was to 
describe our cohort of TMA in terms of incidence, clinical and-biolog-
ical presentation, management and outcome. We also aimed to iden-
tify factors associated with poor prognosis.
Patients and methods/Materials and methods: Our study was ret-
rospective, conducted in an intensive care unit. The study period was 
over 20 years: from January 1, 2001 to December 31, 2020. Our study 
included a descriptive part observing the different epidemiological, 
clinical, biological and characteristics of patients admitted for TMA and 
their evolution. The second part consisted on an analytical study high-
lighting the poor prognostic factors in our patients.
Results: A total of 37 patients were included. The incidence of TMA in 
the ICU was 0.18% with a female predominance and an average age of 
34.8 years. Hemolytic anemia and thrombocytopenia were present in 
all patients. Neurological manifestations were the most frequent clini-
cal signs (81.1%). Thrombotic thrombocytopenic purpura occupied 
¾ of TMA’s forms in our cohort. TMA was associated with pregnancy 
in 45.9% of cases. Medical support was based on plasma exchange 
(70.3%) in association with corticosteroids and immunoglobulins. 
Follow-up of the patient showed an exacerbation rate of 18.9% and 
complications such as infections in 45.9% of cases. Mortality rate was 
29.7%. Factors correlated with poor prognosis in our cohort were 
age > 36 years, Glasgow score < 9 and platelet count < 14,000 elts/mm3 
at admission.
Conclusion: TMA is still a cause of high mortality. A better knowledge 
of this disease and the awareness of physicians as well as the develop-
ment of diagnostic methods could improve the prognosis.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The initial management of severe trauma patients with 
hemorrhagic shock requires early blood products transfusion. Admin-
istration of high plasma: Red Blood Cell (RBC) ratio is associated with 
a reduction in mortality. French Lyophilized Plasma (FLYP) has been 
used for years for military prehospital care. We hypothesized that the 
use of FLYP for civilian severe trauma patients would reduce time for 
first plasma administration, reduce number of RBC transfused before 
first plasma and achieve a plasma:RBC transfusion ratio greater than 
1:2.
Patients and methods/Materials and methods: This retrospective 
study was performed in a level 1 trauma center from January 2015 to 
June 2020. FLYP was available in trauma center since June 2017. Severe 
trauma patients who received massive transfusion (four RBC in the first 
hour and/or 10 RBC in the first 24 h) were included and divided in 2 
groups according to the period of inclusion: Fresh Frozen Plasma (FFP) 
group before June 2017 and FLYP group after.
Results: Twenty-eight severe trauma patients were included in the 
FLYP group and 12 in the FFP group. The time until the first transfu-
sion of plasma was shorter in the FLYP group, 35 min (IQR 20, 45) vs. 
59  min (IQR 36.88) in the FFP group (p = 0.007). The number of RBC 
transfused before the first plasma was lower in the FLYP group than in 
the FFP group, respectively 2 vs. 3.67 (p = 0.002). The ratio plasma:RBC 
greater than 1:2 was obtained in 26 (93%) patients of the FLYP group 
vs 8 (67%) in the FFP group (p = 0.05).
Conclusion: FLYP permitted an early transfusion of plasma during the 
massive transfusion of severe trauma patients. It significantly reduced 
time for in hospital plasma delivery and improved the order of blood 
products transfusion. It could permit to obtain a greater than 1:2 
plasma:RBC ratio in the trauma center. These results should be con-
firmed by a randomized trial.
Compliance with ethics regulations: N/A.

Transfusion data: comparison of the FFP group and the FLYP group
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Rationale: Anemia is frequently diagnosed in intensive care. It may be 
present at admission or may develop during ICU stay due to blood loss 
secondary to frequent blood sampling in most of the cases. Red blood 
cell (RBC) transfusions may be lifesaving in some circumstances. How-
ever, several studies have reported increased morbidity and mortality 
in transfused patients due to “storage lesions” of older blood. This study 
focuses on outcome of transfused patients according to storage time of 
RBCs, and compares transfusion yield between older and newer blood.
Patients and methods/Materials and methods: This is a retrospective 
descriptive and analytical study of patients admitted between January 
2014 and January 2021, who received RBC transfusion in the ICU. Epidemi-
ological, clinical, and laboratory data were collected, as well as the number 
of transfused packed RBCs, storage time (age) of each unit, and estimation 
of blood spoliation secondary to blood sampling during ICU stay.
Results: During the study period, 80 patients were concerned by 150 
transfusion episodes, including 236 packed RBCs. The mean age of 
patients was 57.1 ± 18.5  years. All patients had co-morbid conditions. 
Acute respiratory failure was the most frequent diagnosis present in 
65% of cases at admission. The APACHE II score was 20.4 ± 9.4, and SAPS 
II score was 48.5 ± 21.1. The mean hemoglobin level at admission was 
9 ± 2.7 g/dl. The mean pre-transfusion hemoglobin level was 6.9 ± 1.1 g/
dl. The mean time to first ICU transfusion was 7.7 ± 8.7 days. Age of RBCs 
was 1 to 5 days in 21 transfusion episodes (14%), 6 to 10 days in 46 epi-
sodes (30.7%), 11 to 19 days in 59 episodes (39.3%), and ≥ 20 days in 24 
transfusion episodes (16%). Mortality rate among transfused patients 
was 47.5%, and was related to severity of illness. Patients who received 
older blood did not have a significantly higher mortality (p = 0.839), 
however the increment in hemoglobin per episode was significantly 
higher with newer blood (P = 0.001). The mean value of blood spoliation 
was 426.7 ± 387.9 ml, and the number of transfusion episodes increased 
with blood spoliation and length of ICU stay. There was no statistically 
significant link between blood spoliation and mortality.
Conclusion: Newer transfused blood resulted in significantly higher 
hemoglobin increment. However, RBCs storage time did not affect 
mortality according to univariate and multivariate analysis.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: To determine what single value of physiological parameter 
threshold would guide the RBC transfusion practice of pediatric inten-
sivists, in addition to hemoglobin (Hb) concentration.
Patients and methods/Materials and methods: Scenario-based self-
administered questionnaire e-mailed to pediatric intensivists in 2021. 
Five scenarios were considered: 1) a previously healthy 4-year-old boy 
mechanically-ventilated after a severe multiple traumas, 2) idem, but with 
a toxic shock syndrome and ARDS, 3) idem, but after ablation of hepato-
blastoma; 4) 5-month-old boy admitted to PICU following corrective sur-
gery for tetralogy of Fallot; 5) 3-week-old boy with hypoplastic left heart 
syndrome admitted to PICU after Norwood + Sano procedure. Patients 
were hemodynamically stable in all scenarios. Respondents addressed 
three questions: 1. What baseline Hb concentration would prompt you 
to prescribe an RBC transfusion in this scenario? 2. Do you use the physi-
ologic parameter to guide your RBC transfusion practice? What threshold 
of the parameters would prompt you to give an RBC transfusion if Hb is 
1 g/dL above the baseline Hb that you chose in 1st question?
Results: 132 among 235 eligible respondents (56%) from France (50), 
United Kingdom (36), Canada (16), Japan (15) and Belgium (11) filled the 
questionnaire. The mean baseline Hb thresholds chosen are detailed in 
Table 1. Two out of 7 physiologic parameters  (ScvO2 and blood lactate) 
were used by more than 75% of respondents to guide their RBC trans-
fusion practice (Table 1). The proportion of respondents who stated that 
they do not use some parameters was higher in the trauma case (range: 
21% to 75%); it was lower for the other scenarios (range: 0% to 39%). 
The difference in use between the 5 scenarios was statistically signifi-
cant for all parameters (P < 0.001). Table 1 also reports the threshold of 7 
physiologic parameters used by respondents that would prompt them to 
prescribe an RBC transfusion if Hb is 1 g/dL above the baseline Hb con-
centration they chose. A  ScvO2 threshold of 58% emerged in four scenar-
ios, but not for the post-operative cyanotic cardiac patient. Respondents 
agreed on a blood lactate threshold of 4 mmol/L in all scenarios.
Conclusion: The proportion of respondents who do not use some 
parameters changed with different basic disease. Only ScvO2 and 
blood lactate were used by more than 75% of respondents to guide 
their RBC transfusion practice in PICU patients. Respondents seem 
to consider a  ScvO2 threshold of 58% and blood lactate threshold of 
4 mmol/L.
Compliance with ethics regulations: Yes in clinical research.

*Baseline Hb: Hb concentration chosen, given each scenario
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Rationale: To determine if the trajectory (2 sequential measures) of 
dynamic physiologic parameters modulates the Hb threshold and 
guides the stated RBC transfusion practice of pediatric intensivists, in 
addition to hemoglobin (Hb) concentration.
Patients and methods/Materials and methods: Scenario-based 
self-administered questionnaire e-mailed to pediatric intensivists in 
2021. There were five scenarios: 1) previously healthy 4-year-old boy 
mechanically-ventilated after a severe multiple trauma; 2) idem with 
toxic shock syndrome and ARDS; 3) idem after ablation of hepato-
blastoma; 4) 5-month-old boy admitted to PICU following corrective 
surgery for tetralogy of Fallot; 5) 3-week-old boy with hypoplastic left 
heart syndrome admitted to PICU after a Norwood + Sano procedure. 
Respondents addressed two questions: 1. What Hb concentration 
would prompt you to prescribe an RBC transfusion to the patient in 
the scenario? 2. What would be the lowest acceptable Hb value that 
would prompt you to transfuse the patients described in the scenario 
given the Hb concentration that you chose (question #1) and the 
sequential results of the following physiologic parameters?
Results: 132 participants among 235 eligible respondents (56%) 
from France (50), United Kingdom (36), Canada (16), Japan (15) and 
Belgium (11) filled the questionnaire. Mean and median baseline 
Hb threshold are reported in Table  1. Two parameters  (ScvO2 and 
blood lactate) improved over time: the Hb threshold decrease was 
small in five scenarios for blood lactate and three scenarios for  ScvO2 
(range: −  0.2 ± 0.1 to 0.1 ± 0.9  g/dL), but it reached −  0.4 ± 1.1 and 
−  0.6 ± 0.7  g/dL for blood lactate in two cardiac scenarios. We did 
not find a statistically significant difference between scenarios for 
blood lactate (p = 0.87), but the difference was significant when  ScvO2 
increases from 50 to 70% (p < 0.001). Four parameters worsened over 
time. Compared to mean baseline Hb threshold, the revised mean Hb 
threshold for transfusion decreased by ≤ 0.6  g/dL after worsening of 
 PaO2/FiO2, DO2, and VO2 (p > 0.05 between scenarios). However, the 
mean Hb threshold increased by ≥ 1  g/dL after  ScvO2 dropped from 
70 to 50% (p < 0.001 between scenarios).
Conclusion: Improvement of  ScvO2 or blood lactate did not prompt 
pediatric intensivists to decrease significantly their Hb threshold 
(< 0.2 g/dL), unless the  ScvO2 increased from 50 to 70% after a cardiac 
surgery. A clinically significant drop in  ScvO2 (from 70 to 50%) caused 
a clinically significant increase in the revised Hb threshold in all sce-
narios (≥ 1.0 g/dL), but worsening  PaO2/FiO2, DO2 and VO2 were asso-
ciated with a lower Hb threshold (≤ − 0.6 g/dL).

Compliance with ethics regulations: Yes in clinical research.

Impact of the trajectory of dynamic physiologic parameters (2 sequential 
results) on mean and median difference between baseline and revised 
hemoglobin threshold used by respondents to guide their red blood cell 
transfusion practice in PICU patients.
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Rationale: Since December 2019, a severe acute respiratory syndrome 
coronavirus 2 is spreading rapidly around the world and became a 
pandemic. Among the confirmed cases, 15% developed severe forms 
and the mortality in intensive care units ranged from 30 to 70%. Indi-
cators are needed to evaluate and predict the severity of the disease. 
We aimed to determine if thrombocytopenia is independently associ-
ated wtih poor outcomes in critically patients with COVID-19.
Patients and methods/Materials and methods: This was a retro-
spective study extended over a period from February to July 2021 
including 240 infected patients by SARS-CoV-2. The exclusion criteria 
for this study were patients with progressive hematological pathology, 
patients with chronic renal failure and patients under anticoagulation 
or antiplatelet therapy before their infection with SARS-CoV-2. Biologi-
cal monitoring of platelet levels was carried out in all patients admit-
ted to intensive care on Day 1, Day 5, Day 12 and beyond 12 days every 
72  h. All these patients had a preventive or curative anticoagulation 
by Low Molecular Weight Heparin. Thrombocytopenia was defined by 
platelet count < 150 ×  109/L. For each patient, the nadir platelet count 
was identified and categorized into 3 groups: G1 [150–100]; G2 [100–
50] and G3 [< 50] (×  109/L).
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Results: A total of 240 patients were included in this study, 60.7% of 
whom were male. The median age was 62.4 years.The diagnosis of the 
infection was made in 37% by a rapid test, 25.4% by RT-PCR and 82.6% 
by chest CT. 94% of patients received enoxaparin anticoagulation, 
44.2% of whom had curative anticoagulation during their stay. We 
found that 26.7% had thrombocytopenia and for patients categorized 
into [150–100]; [100–50] and [< 50] groups, the thrombocytopenia was 
5.1%, 12.3%, and 7.2% respectively. Patients developed thrombocyto-
penia between D1 and D27 with an average of 9.9 days (11%). Patients 
with thrombocytopenia died with significant difference (p = 0.3%). 
The G2 presented a statistically significant difference with (P = 0.07%) 
in terms of death as well as the early onset of thrombocytopenia 
(p = 0.065).
Conclusion: Although, it was a retrospective descriptive study and 
the tests on platelet count for each patient had different time inter-
vals, this study confirms that thrombocytopenia upon admission is a 
strongly and independently associated with poor outcomes and mor-
tality in patients hospitalized for SARS-CoV-2 pneumonia.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Delayed or excessive volume expansion increases morbid-
ity/mortality in acute circulatory failure patients. Therefore, prediction 
and assessment of fluid responsiveness (FR) is necessary. Hemodynamic 
parameters used to guide fluid therapy are regularly limited by spontane-
ous breathing (SB) or technicity. Central Venous Pressure (CVP) as a static 
parameter fails to accurately predict FR. The ideal marker to predict FR 
has to be accessible, fast, usable in spontaneous breathing and accurate. 
CVP respiratory variations (CVPv) could meet these criteria. We analyzed 
the accuracy of CVPv to predict FR in spontaneously breathing patients, 
and its optimization by a standardized inspiratory maneuver (SIM).
Patients and methods/Materials and methods: We carried out a 
monocentric, prospective, diagnostic test evaluation. Patients admit-
ted to our intensive care units that were spontaneously breathing 
and had a central venous catheter were prospectively included. CVPv 
was measured while the patient was spontaneously breathing, with 
(CVPv-sim) and without SIM (CVPv-nsim), before and after a passive 
leg raising test (PLR). The SIM was validated by a buccal cavity pres-
sure < − 3   mmH2O. CVPv accuracy to predict FR was evaluated. FR 
was defined as a PLR-induced increase in the velocity time integral 
of aortic blood flow during a passive leg raising maneuver (self-fluid 
challenge) ≥ 10%.
Results: Among 63 patients, 38 (60%) presented FR. CVPv-nsim 
was not significantly different between fluid responsive and fluid 
unresponsive patients (− 4.9  mmHg [− 7.5; − 3.1] vs. − 4.1  mmHg 
[− 5.4; − 2.8], respectively; p = 0.15). CVPv-sim was higher in fluid 
responsive than fluid unresponsive patients (− 3.6  mmHg [− 10.6; 
− 1.6] vs − 9.7  mmHg [− 13.9; − 6.2], respectively; p < 0.05). CVPv-
sim < − 4,5 mmHg predicted FR with a sensitivity of 89%, a specificity 
of 56%, and an area under ROC curve of 0.72 [0.56;0.86]. There were 4 
false negative and 11 false positive patients. The overall median CVPv-
sim increased from − 8.6  mmHg [-12.5;-3.6] to − 4.1  mmHg [− 9.75; 
− 0.25] during PLR (p < 0.05). Among the 11 false positive results 
before PLR, 4 patients could not be analyzed during PLR, 4 patients 
moved from false positive to true negative and 3 increased their CVPv-
sim but remained false positive during PLR.
Conclusion: In presence of a central venous catheter, CVPv may be 
useful to identify spontaneously breathing patients unresponsive to 
volume expansion.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The physician must rely on trustworthy and reliable tools 
to predict fluid responsiveness in order to provide an efficient and safe 
fluid expansion. We aimed to evaluate the ability of the measurement 
of corrected carotid flow time changes during a passive leg rising 
maneuver to predict fluid responsiveness among intensive care unit 
patients.
Patients and methods/Materials and methods: We performed a pro-
spective and non-interventional study among patients in whom the 
physician in charge has decided a fluid expansion prior to the inclu-
sion in the study. We performed the carotid flow time measurements 
before and after a passive leg rising maneuver. We used a linear Dop-
pler probe. Fluid responsiveness was defined as an at least 15% rise in 
cardiac output following a fluid expansion of 500 mL of isotonic saline 
solution. Cardiac output was assessed after the PLR maneuver, thanks 
to a transpulmonay thermodillution  PICCO2® device. A second blinded 
investigator read the images recorded by the first one. We evaluated 
the accuracy of the cCFT changes through a ROC analysis. We evaluated 
the inter observers’ agreement with a Bland Altman analysis.
Results: From January to July 2021, we included 21 patients, 13 
responders and 8 non responders. The ROC analysis showed that a 4, 
3% rise in cCFT predicted fluid responsiveness with a 76,9% sensitiv-
ity, a 87,5% specificity, a positive predictive value of 90,9% and a nega-
tive predictive value of 70%. The area under the curve was 0,85 CI 95% 
[0,68; 1]. In the post hoc blinded assessment, we showed a poor agree-
ment between the two operators.
Conclusion: Correct Carotid Flow Time changes during a PLR maneu-
ver may be a good tool to predict fluid responsiveness. However, the 
agreement between two observers is weak and could be an obstacle 
to its widespread use.
Compliance with ethics regulations: Yes in clinical research.

ROC curve of the corrected carotid flow time changes during a passive leg 
rising maneuver
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Rationale: Acute circulatory failures  represent a frequent reason for 
hospitalization in the emergency department of the University hospi-
tal of Oran (CHUO), they are considered as serious states because in 
the absence of an adapted treatment, they can be rapidly life-threat-
ening. The main objective of our study was to assess the contribution 
of echocardiography in our patients admitted in shock from a diagnos-
tic, therapeutic and prognostic perspective.
Patients and methods/Materials and methods: A clinical and 
epidemiological, descriptive, prospective and mono-centric study 
was carried out   in the medical emergency department of the CHU 
Oran concerning any patient aged over 15  years admitted for a non 
traumatic acute circulatory failure. The group of patients benefiting 
from trans- thoracic echocardiography (TTE) evaluated during a period 
of 2  years from 01-01-2016 to 31-12-2017 and designated the “echo 
yes” group was compared with a second group of patients who did 
not benefit from the TTE collected from 01-01-2015 to 31-12-2015 and 
named group “echo no”.
Results: Seventy-seven (77) patients from the general population 
(n = 156) presenting a acute circulatory failure collected in our study 
benefited from TTE, i.e. a frequency of 49.35% with an average age 
of 64, 40 ± 17.70 years [17–106] and a sex ratio of 1.13, comorbidities 
were dominated by hypertension (59.70%) and diabetes (39%) and the 
reasons for consultation were represented by deterioration in general 
condition (74.30%) and disturbance of consciousness (50.64%). The 
ETT by two-dimensional exploration and Doppler allowed to deter-
mine the etiological mechanism in 94.8% of cases [38.96% (n = 30) 
hypovolemic shock, 36.36% (n = 28) cardiogenic shock, 88% (n = 13) 
septic shock and 2, 59% (n = 2) anaphylactic shock]. The rate of cases 
of undetermined mechanism decreased very significantly (“echo yes”: 
5.20% vs. “echo no”: 36.70%), decrease by more than 31%, p < 0.001. 
The correction of the initial diagnostic hypothesis was noted in 29/77 
patients, ie a frequency of 37.66%.
Conclusion: Our work has clearly illustrated and shown the contri-
bution of TTE in improving the overall care of patients with shock by 
modifying the initial diagnostic hypothesis with, as corollary to the 
therapeutic management, to specify the etiological mechanism and to 
improve the prognosis of the patients.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: There are growing evidence distinguishing SARS-CoV-2-in-
duced Acute Respiratory Distress Syndrome (ARDS) and those of other 
causes. This raises the possibility that severe COVID-19 may result in 
specific alterations of Right Ventricular (RV) mechanics. The objective 
was to compare global and axial right ventricular ejection fraction in 
ventilated patients for moderate-to-severe ARDS secondary to early 
SARS-CoV-2 pneumonia or to other causes, and in ventilated patients 
without ARDS used as reference.
Patients and methods/Materials and methods: Retrospective sin-
gle-center cross-sectional study including 64 ventilated patients: 21 

with ARDS related to SARS-CoV-2 (group 1), 22 with ARDS unrelated to 
SARS-CoV-2 (group 2), and 21 without ARDS (control group). Real-time 
three-dimensional transesophageal echocardiography was performed 
for hemodynamic assessment within 24 h after admission. Contraction 
pattern of the right ventricle was decomposed along the three ana-
tomically relevant axes. Relative contribution of each spatial axis was 
evaluated by calculating ejection fraction along each axis divided by 
the global right ventricular ejection fraction.
Results: Global right ventricular ejection fraction was significantly 
lower in group 2 than in both group 1 and controls (median: 43% 
[25th–75th percentiles: 40–57] vs. 58% [55–62] and 65% [56–68], 
respectively: p < 0.001). Longitudinal shortening had a similar relative 
contribution to global right ventricular ejection fraction in all groups 
(group 1: 32% [28–39], group 2: 29% [24–40], control group: 31% 
[28–38], p = 0.6). Radial shortening was lower in group 2 when com-
pared to both group 1 and controls (45% [40–53] vs. 57% [51–62] and 
56% [50–60] respectively: p = 0.005). The relative contribution of right 
ventricular shortening along the anteroposterior axis was not statisti-
cally different between groups (group 1: 51% [41–55], group 2: 56% 
[46–63], control group; 56% [50–64], p = 0.076).
Conclusion: During early hemodynamic assessment, the right ven-
tricular systolic function appears more impaired in ARDS unrelated to 
SARS-CoV-2 when compared to early stage SARS-CoV-2 ARDS. Radial 
shortening appears more involved than longitudinal and anteropos-
terior shortening in patients with ARDS unrelated to SARS-CoV-2 and 
decreased right ventricular ejection fraction.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Echocardiography is routinely used in the hemodynamic 
monitoring of ICU patients. Trans-esophageal echo (TEE) has been 
described to provide additional evaluation, especially on the superior 
vena cava (SVC). While trans-thoracic echo (TTE) remains a marginal 
tool in SVC evaluation, learning curve of such a skill is unknown.
Patients and methods/Materials and methods: Monocentric obser-
vational study performed in a tertiary medical ICU used to use TEE in 
hemodynamic monitoring. A theoretical training was provided to all 
the medical staff (i.e. the trainees) and a structured data collection was 
performed including history of echo training of each trainee as well as 
echo data (including 2-dimensional [2D] and time-movements [TM] 
screenshots). These screenshots were reviewed by an external blinded 
expert using a Likert-derived scale (0: incorrect, 1: not optimal and 2: 
correct) for 2D and TM views. The cumulative sum (CUSUM) method 
was used to evaluate the evolution of trainees’ skills over time; an 
unacceptable failure rate (h1) and acceptable failure rate (h0) were a 
priori determined as 50 and 20%, respectively. Trainees who crossed 
h0 were considered successful while those crossing h1 had a unaccep-
table failure rate. Comparison of characteristics of trainees who suc-
ceeded and who failed were compared.
Results: 13 trainees were observed for a 2-months period. The median 
success rate was 77.8 [65.2, 80] and 33.3 [23.8, 42.9] for obtaining a cor-
rect 2D and a TM view, respectively. Three trainees crossed h0 for get-
ting a correct 2D view while none did for a correct TM view. Crossing 
h0 occurred after 5, 12 and 17 procedures. Furthermore, all the train-
ees crossed h1 for the TM view, meaning the whole group crossed an 
unacceptable failure rate for this endpoint (Figure). The comparison of 
trainees who succeeded and who failed did not reveal any difference.
Conclusion: A one-shot theoretical training to get a correct visualiza-
tion of the superior vena cava using TTE was not enough as most of 
them did not reach an acceptable failure rate.
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Rationale: Only a few cases of cardiac dysfunction in hemophagocytic 
lymphohistiocytosis (HLH) have been reported. However, the progno-
sis for these patients is poor. A complete echocardiographic evalua-
tion may provide an important clue for a better understanding of the 
pathogenesis.
Patients and methods/Materials and methods: We conducted a ret-
rospective study of all patients diagnosed with HLH and hospitalized 
in intensive care unit (ICU) between 2008 and 2020. All patients had to 
get a baseline echocardiography in the 2 years before ICU admission. 
We compared SALH cases versus patients with septic shock.
Results: We included 28 patients; all of them had haematological 
malignancies. Compared with baseline echocardiography, left ventric-
ular ejection fraction (LVEF) was decreased during SALH (55% vs. 65%; 
p = 0.02), with no significant difference in cardiac output. Likewise, the 
right ventricle function, assessed by tricuspid annular plane systolic 
excursion (TAPSE), was significantly impaired (p < 0.01). Only 36% of 
SALH patients had a LVEF lower than 50% versus 63% of septic shock 
patients (p = 0.03).
Conclusion: Cardiac involvement in HLH patients is characterized by 
a left and right ventricular dysfunction, however, it is less frequent and 
severe than in septic cardiomyopathy. Cardiac involvement in HLH and 
in septic shock could share similar pathophysiological mechanisms or 
it might be the same clinical affection. A prospective study comparing 
septic myocarditis and HLH heart disease is needed to conclude.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Cardiac surgery with cardiopulmonary bypass (CPB) is 
known to be a lifesaving procedure. Nevertheless, CPB induces sys-
temic inflammatory response and oxygenation impairment. Central 
venous oxygen saturation  (ScvO2) is a classic marker of dysoxia. Low 
and high  ScvO2 are associated with adverse outcome. However, there 
are no studies defining clearly abnormal values of  ScvO2 and assess-
ing the prognostic interest of  ScvO2 in cardiac surgery. The aim of 
this study was to investigate the impact of increase and decrease 
of  values of  ScvO2 on mortality and morbidity after cardiac surgery, 
and to define optimal thresholds of high and low  ScvO2 to predict 
complications.
Patients and Methods/Materials and methods: This was a pro-
spective, observational, monocentric clinical study. We included 156 
patients over 18 years undergoing cardiac surgery with CPB from Sep-
tember 2018 to January 2020. We have excluded patients who have 
died during surgery, patients who leave the operating room with a 
circulatory assistance technique and patients with misplacement of 
central venous catheter (CVC). Venous blood gas was collected from 
middle line of CVC. Population was divided into 2 groups: group H 
with  ScvO2 > 75% and group L with  ScvO2 ≤ 75%. In group H, we ana-
lyzed receiving operating curve (ROC) of  ScvO2 for occurring of post-
operative complications. In group L, we analyzed ROC of—ScvO2 for 
occurring of postoperative complications. We tested then the corre-
lation of the variables with prognosis interest to  ScvO2 by Spearman 
test.
Results: Median age was 62 (53; 68). Complications rate was 37.8%. 
Mortality rate was 18.6%. In group H, we have found that  ScvO2 pre-
dicts complications with area under ROC 0.776. The best threshold was 
80.6%. Moreover, we found that  ScvO2 is significantly correlated with 
CPB time, mechanical ventilation time and majority of postoperative 
prognosis scores. In group L, the area under ROC of—ScvO2 concern-
ing complications was 0.774. The best threshold was 69.7%. We found 
a significant negative correlation of  ScvO2 to CPB time, mechanical 
ventilation time and majority of postoperative prognosis scores.
Conclusion: We conclude that both low and high  ScvO2 are associ-
ated with adverse outcome after cardiac surgery. For patients with 
supranormal or low  ScvO2, we should use additional hemodynamic 
monitoring to facilitate adequate therapy in the postoperative course. 
Nevertheless, to place as a target for postoperative resuscitation algo-
rithm, a randomized trial comparing a conventional resuscitation strat-
egy with a strategy based on defined levels of  ScvO2 is essential.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The question of futile or disproportionate care in the inten-
sive care unit (ICU) has long been a subject of debate. It can happen 
that ICU stays come to be deemed inappropriate, after the fact, even 
by the ICU physicians  themselves1. This study aimed to describe and 
understand the perceptions of ICU caregivers about ICU stays that the 
ICU physicians themselves judge to be inappropriate.
Patients and methods/Materials and methods: We performed a 
qualitative study using semi-structured interviews with caregivers 
from 3 ICUs in the region of Burgundy-Franche-Comté. An interview 
guide was developed in advance and focused on 3 questions, namely: 
(1) what is your experience and perception of ICU stays that are judged 
after the fact to have been inappropriate? (2) What are the conse-
quences of an inappropriate ICU stay, in your experience? (3) In your 
view, how could such stays be avoided? Interviews were recorded, 
transcribed in full and analyzed (in French) using thematic analysis. 
Participants were interviewed until saturation was reached.
Results: A total of 17 nurses and 4 nurses’ aides were interviewed. 
Age, medical history, poor general status, deteriorating quality of life, 
and the lack of clear healthcare goals were the main criteria cited by 
respondents as possible reasons why an ICU stay would be deemed 
inappropriate after the fact by ICU physicians. The respondents also 
reported that certain specific circumstances may also give rise to ICU 
stays that could be inappropriate, e.g. emergency clinical situations, 
lack of knowledge about case, availability and/or choice of physicians, 
pressure from the patient’s family or from other physicians to admit 
the patient, and refusal of death. Possible consequences of inappro-
priate ICU stays cited by our respondents included stress, anxiety, a 
feeling of incomprehension and inequality, deprivation of liberty, and 
loss of the feeling that their work is meaningful. Conversely, possible 
avenues to preventing inappropriate ICU stays cited by the respond-
ents, included anticipation of acute care needs, and careful evaluation 
of the patient prior to admission.
Conclusion: In daily practice, paramedical caregivers understand how 
some ICU stays may come to be considered after the fact as having 
been inappropriate. They could undoubtedly provide valuable input 
into admission decisions, to avoid inappropriate ICU stays and to 
ensure equitable distribution of healthcare resources and the respect 
of patients’ wishes.
Reference 1: Quenot JP, Large A, Meunier-Beillard N, et  al. PlosOne 
2019 Sep 6;14(9):e0222039.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Although the question of futile or disproportionate care in 
the intensive care unit (ICU) has been widely discussed in the litera-
ture, there is a paucity of studies about non-beneficial admissions to 
the  ICU1. Labelling ICU stays as non-beneficial may give a false per-
ception of the utility of ICU management. Using a national survey of 
practices, we sought to define criteria for non-beneficial admissions 
to ICU, the circumstances in which they occur, and the possible con-
sequences, with a view to identifying aspects that could be targeted 
for change.
Patients and methods/Materials and methods: An online survey 
was made available from 22 June to 4 October 2021 via the LimeSur-
vey platform for ICU physicians. For each question, the physician was 
asked to answer on a 5-point Likert scale (strongly disagree/disa-
gree/neutral/agree/strongly agree). The survey used the Network for 
Research in Ethics in Critical Care to ensure representativeness of the 
participating ICUs and forms of practice of the respondents.
Results: In total, 154/164 ICU physicians contacted (94%) completed 
the online survey. The main results highlight that an ICU admission 
must take into account the expected survival and quality of life after 
discharge, in view of the current clinical status and prior medical 
history of the patient. The urgency of the clinical situation, a lack 
of knowledge of the medical file, and a failure to anticipate poten-
tial ICU requirement in the patient’s healthcare trajectory are all 
factors that may lead to non-beneficial ICU admission. Stress, anxi-
ety, incomprehension and even conflict with the patient’s family or 
between healthcare providers are possible consequences of ICU 
admissions occurring in such circumstances. Finally, one of the key 
measures that could be implemented to reduce or avoid non-bene-
ficial admissions is pluridisciplinary meetings prior to ICU, involving 
the patient, the family, referring and treating physicians, as well as 
an ICU physician when the possibility of ICU admission is part of the 
patient’s healthcare goals.
Conclusion: This survey of practice suggests that there is a compel-
ling need for shared reflection and decision-making, likely with greater 
involvement of ICU physicians, prior to ICU admission. This would take 
closer account of the preoccupations of non-ICU physicians, and could 
help to identify in advance the patients likely to benefit from ICU care, 
in coherence with their healthcare goals.
Reference 1: Quenot JP, Large A, Meunier-Beillard N, PlosOne 2019 
Sep 6;14(9):e0222039.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Intensive care unit is a technical environment in which 
patients’ lives are at stake. The COVID pandemic has led to a restric-
tion of the place given to the entourage of patients hospitalized in the 
intensive care unit. How is the COVID crisis a challenge for caregivers 
in terms of the place of the family and friends in the ICU?
Patients and methods/Materials and methods: Qualitative study 
including 10 semi-directive interviews with caregivers working in the 
ICU.
Results: The COVID crisis disrupted the place of patients’ relatives in 
ICU. This inclusion had been established by various means before the 
crisis: 24-h visits, participation to the mortuary toilet, pets’ visits, log-
book, family lounges, presence of volunteers. These means lead to a 
better inclusion of relatives in ICU, even if there were still difficulties 
in the relationship with the family and friends: management of the 
acute phase, difficulties in communicating with the family and friends, 
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waiting for care, choice of the person of trust, non-opening 24  h a 
day. The COVID crisis added barriers: initial closure of all the services 
in which the caregivers interviewed worked, then partial reopening, 
fear of the virus, constraints related to equipment, exacerbated com-
munication difficulties, lack of medical time. The caregivers tried to 
implement new means to include relatives in this context: videocon-
ferencing, virtual logbook, more regular telephone interviews. These 
difficulties in making room for the family and friends have deterio-
rated the relationship with the relatives, and the caregivers’ experience 
regarding these changes is mostly negative.
Conclusion: COVID crisis was a challenge for caregivers to make room 
for the entourage of hospitalized patients. Despite the means imple-
mented to maintain this link between caregivers and family members, 
the face-to-face relationship seems to be necessary for caregivers and 
family members to live serenely in the resuscitation context.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: French law and practice guidelines (1) impose collegial 
procedures and interdisciplinary collaboration in end-of-life decision 
making. This procedure involves the intensive care unit (ICU) team 
and an external consultant. General practitioner (GP) could be a rele-
vant consultant, through his understanding of the patient history and 
his relation with the family. The purpose of this study was to explore 
GP and intensivist point of views regarding the GP involvement in the 
collegial decision of withholding or withdrawing therapy.
Patients and methods/Materials and methods: We conducted a ret-
rospective observational study over the year 2020. An online survey 
was sent by e-mail to the GPs and the intensivists of the 4 ICUs of a 
French mainland regional administrative county (“department”).
Results: 132 GPs and 22 intensivists answered. Almost all of the GPs 
(118/132; 89%) had at least 1 patient in ICU over the year. (55/118; 
47%) have been aware that end-of-life decision making concerned 
at least one of their patients. When such a process started, intensiv-
ists requested (26/55; 47%) of them to participate in the procedure. 
Intensivists requested an external consultant in 77% situations. 
Most of the time, they asked a specialist (91%) and rarely discussed 
with the GP (36%). 61% of GPs felt having a strong impact on the 
procedure, whereas 46% of intensivists considered GP impact this 
way. 71% of GPs felt involved by the ICU team in the collegial deci-
sion, whereas 37% of intensivists felt the same way about it. Those 
professionals acknowledge a similar GP influence regarding the 
patient management (38% GP, 40% intensivists). 85% of GPs would 
like to be more solicited, whereas 36% of intensivists gave a major 
place to GP interventions. 79% of GPs were requested by a family 
member to help them understand the situation.
Conclusion: Our study shows that intensivists involved the GPs par-
tially in the collegial decision. This lack of participation seems to be in 
inadequacy with GPs wishes. A systematic involvement of the GP in 
the decision making of withholding or withdrawing treatment could 
be beneficial and could improve interaction with the family. Moreover, 
GP could be directly involved in the collegial decision making and not 
just as consultants.

Reference 1: 1- Société de réanimation de langue. Limitation et arrêt 
des traitements en réanimation adulte. Actualisation des recomman-
dations de la Société de réanimation de langue française. Réanima-
tion. déc 2010;19(8):679–98.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Almost 70% of patients who are admitted to the intensive 
care unit (ICU) suffer from at least one chronic disease (1). Chronic dis-
ease in ICU patients is an additional risk factor for death and is asso-
ciated with significant post-ICU disability. This study aimed to explore 
reflections and perceptions of non-ICU physicians for the anticipation 
of need for ICU admission in case of acute decompensation in patients 
with chronic disease.
Patients and methods/Materials and methods: We performed a 
qualitative multicentre study using semi-structured interviews among 
non-ICU specialist physicians. The interview guide, developed in 
advance, focused on 3 questions: (1) What is your perception of ICU 
care? (2) How do you think advance directives can be integrated into 
the patient’s healthcare goals? and (3) How can the possibility of a 
need for ICU admission be integrated into the patient’s healthcare 
goals? Interviews were recorded, transcribed and analyzed by the-
matic analysis. Interviews were performed until theoretical saturation 
was reached.
Results: In total, 16 physicians (8 women, 8 men) were interviewed. 
The main themes related to intensive care being viewed as a distinct 
specialty, dispensing very technical care, and with major human 
and ethical challenges, especially regarding end-of-life issues. The 
participants also mentioned the difficulty in anticipating an acute 
decompensation, and the choices that might have to be made in 
such a situation, for patient that they have known and followed 
for a long time. The timing of discussions for potential decom-
pensation of the patient, the medical culture and the presence of 
advance directives are issues that arise when attempting to antici-
pate the question of ICU admission in the patient’s healthcare goals 
or wishes. To facilitate this process, it was proposed that dedicated 
consultations bringing together the patient’s referring physicians 
and ICU physicians could help to raise awareness and knowledge 
about ICU, and promote a palliative culture.
Conclusion: This study highlights the difficulties encountered by 
treating physicians of anticipating potential acute decompensa-
tion with ICU requirement in patients with chronic disease. It also 
opens perspectives for actions that could promote a pluridisciplinary 
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approach to anticipating acute decompensation and ICU require-
ments in patients with chronic disease.
Reference 1: Quenot JP, Helms J, Labro G, et  al. Ann Intensive Care 
2020;10:20.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The questions raised by Intensive care unit (ICU) physicians 
with non-ICU physicians and particularly general practitioners (GPs) 
usually aim to anticipate possible acute decompensation and need 
for ICU admission in the patient. Intensivists also question their corre-
spondents about the patient’s wishes, with a view to avoiding unrea-
sonable therapeutic obstinacy, or an ICU admission that might later be 
judged to have been inappropriate. We sought to explore GPs’ percep-
tion and experience of ICU, and their manner of anticipating possible 
future ICU requirements for their patients.
Patients and methods/Materials and methods: We performed a 
qualitative study using semi-structured interviews with GPs practis-
ing in the Bourgogne and Pays-de-Loire regions of France. An inter-
view guide was developed in advance, and focused on the following 
questions: (1) what is your perception of ICU? (2) what is your role in 
anticipating ICU requirements for your patients? (3) how do you feel 
about ICU stays that may later be judged to have been unjustified, or 
inappropriate. Interviews were recorded, transcribed and analysed by 
thematic analysis. Interviews were performed until theoretical satura-
tion was reached.
Results: A total of 20 GPs were interviewed between February and 
August 2021. The main themes to emerge from the analysis were: 
(1) The GPs perceive ICU care as being that is very far removed from 
their ordinary daily practice. Their usually rare contacts with ICUs 
became more common during the COVID pandemic, strengthening 
relations between GPs and ICUs. (2) Improved knowledge of patients’ 
wishes by GPs is desirable. This would make it possible, together 
with specialists during pluridisciplinary meetings, to better guide the 
patient’s healthcare trajectory. (3) GPs are generally not familiar with 
the notion of unjustified or inappropriate ICU stays, and do not give 
it much thought. (4) Advance directives and end-of-life issues should 
be detailed in the patient’s electronic medical record. However, due 
to a lack of time and training, GPs do not feel comfortable addressing 
these questions with their patients.
Conclusion: Anticipating ICU requirements in a patient’s healthcare 
trajectory is difficult for GPs due to a lack of time, and a lack of train-
ing or education about ethical issues, which are not a major preoccu-
pation in their daily practice. There is undoubtedly a compelling need 
to improve communication between hospital-based specialists, and 

physicians working in primary care, and to incite the population to 
think about preparing advance directives.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Evaluate the results of crisis standards of care based on a 
multi-approach protocol in” real life conditions and the final outcome 
of all COVID-19 patients that have been proposed for admission to the 
intensive care unit (ICU) during a catastrophic delta variant SARS COV 
2 surge overloading Intensive Care Unit (ICU) initial capacity.
Patients and methods/Materials and methods: All patients hospital-
ized in the University Hospital of Guadeloupe for COVID-19 pneumo-
nia who were proposed for ICU admission during the surge peak from 
August 11th to September 10th were included. Retrospective analysis 
of population characteristics, outcome and death risk factors among 
patients admitted in ICU was performed.
Results: For this crisis, an ICU prioritization algorithm based on a 
multi-approach protocol was employed. According to day-by-day 
admission policy, three groups of patients were defined: “ICU ASAP”, 
“ICU maybe” and”No ICU”. During the 1-month study period, 328 
patients were considered for ICU admission, of whom 132 (40%) were 
finally admitted. No “ICU ASAP “patients had to be refused of ICU 
admission due to Full ICU bed occupancy and 16 of the “ICU maybe” 
group patients had a secondary withdrawal of care”. In the ICU admit-
ted patients (n = 152), 80 patients were from the “ICU ASAP” group and 
52 from the “ICU maybe” group. Hospital mortality was 24% in the “ICU 
ASAP” patients and 37% in the “ICU maybe” patients. Unsurpringly, the 
“No ICU” group had a 77% mortality, reflecting severity of the patients. 
In ICU admitted patients, multivariate analysis found that late admis-
sion (> 48 H after first ICU referral) and hypertension were independ-
ent risk factor of death.
Conclusion: Multi approach protocol overcome a catastrophic COVID 
19 Surge in Guadeloupe Island. Late admission (> 48 H after first refer-
ral) was grieved by raised ICU mortality in ICU eligible patients.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Sepsis is frequent in the emergency department and a 
common cause of intensive care unit admission. Early recognition of 
patients at risk of septic shock is essential. The purpose of our study 
was to evaluate the prognostic value of procalcitonin (PCT) in patients 
admitted to the emergency department for sepsis.
Patients and methods/Materials and methods: Prospective mono-
centric observational study, conducted between July and December 
2021. We included patients aged 18 and over, admitted to the emer-
gency department for sepsis with a SOFA score greater than or equal 
to 2 and a suspected infection. The procalcitonin assay was performed 
on admission. The primary endpoint was the onset of septic shock. 
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The secondary endpoints were deaths in the emergency department, 
admission in intensive care and the use of mechanical ventilation.
Results: We included 137 patients aged on average 63.4 ± 14  years 
with a sex ratio of 1.49. The sites of infection sepsis were n (%): pulmo-
nary 79 (58) including 60 (43) covid, urinary 38 (27), cutaneous 7 (5), 
digestive 8 (6), central nervous system 2 (1), and infective endocardi-
tis 3 (2). The average PCT value was 9.16 ± 24 ng/ml and ranged from 
0.03 to 100  ng/ml. The occurrence rate of a septic shock was 17.6% 
(n = 24) requiring the use of norepinephrine. Overall mortality was 
35% (n = 48). The use of mechanical ventilation was indicated in 
16.8% of cases. The intensive care admission rate was 20% (n = 27). 
The average emergency room stay was 5 ± 0.5  days. The mean PCT 
in the shock group was 3.1 ng/ml versus 0.64 ng/ml in the non-shock 
group (p = 0.006); the threshold value with the best sensitivity (79%) 
and specificity (43%) was 0.5 (Odds ratio = 3.6; AUC = 0.67). The mean 
PCT was 2.38  ng/ml in the deceased versus 0.43  ng/ml in the survi-
vors (p = 0.004). The PCT threshold value for predicting mortality with 
the best sensitivity (68%) and specificity (91%) was 0.7  ng/ml (odds 
ratio = 2.1; AUC = 0.64). We did not findd significant difference in the 
use of mechanical ventilation (p = 0.06).
Conclusion: Procalcitonin is a predictive factor for the onset of septic 
shock and mortality in patients admitted to the emergency depart-
ment for sepsis.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: We aim to retrospectively identify the prevalence of severe 
histoplasmosis requiring intensive care management in a putative his-
toplasmosis endemic area without precise epidemiological data.
Patients and methods/Materials and methods: We conducted a 
retrospective review study of all adult patients (> 18  years old) who 
developed culture-confirmed histoplasmosis and admitted for a life-
threatening event in the ICU of Guadeloupe University Hospital (GUH) 
from January 2014 toJune 2021.
Results: 21 patients were included with a median age of 61 (50.0;67.0), 
mostly men (n = 12, 57%). HIV was the most frequent underlying 
disease (n = 8, 38%). All HIV patients, whether treated or not, were 
severely immunocompromised with a CD4 cell count below 50 per 
mm3. Other underlying conditions were ongoing immunosuppres-
sive treatments (n = 7, 33%), solid organ transplanted patients (N = 3, 
14%) and cancer patients (n = 2, 10%)) (see Table 1). Three out of the 
21 patients had no known immunosuppressive disorders but diabe-
tes. The median IGS II at ICU admission was 63 (43.0;81.5). Median of 
symptoms duration before ICU admission was 23 days. The main clini-
cal conditions requiring ICU admission were acute respiratory failure 
(n = 15, 71%), and/or shock then coma (n = 10 50%).
Conclusion: Histoplamosis is a rare but life-threatening infection with 
pleomorphic organ involvement in immunocompromised host. Phy-
sicians must be aware of diagnosis tools to propose fast antifungal 
therapy.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Acinetobacter baumannii (Ab) is usually involved in noso-
comial infection especially in intensive care units (ICU). Few studies 
report series of severe community-acquired pneumonia (CAP) due to 
this germ, particularly in tropical or sub-tropical regions. The objective 
of this work is to perform an epidemiological analysis of CAP caused 
by Acinetobacter baumannii (Ab) in Reunion Island.
Patients and methods/Materials and methods: It was a retrospec-
tive study including all patients hospitalized for CAP in ICUs at the 
Reunion University Hospital in the period 2014–2020. CAP to Ab was 
confirmed by microbiological respiratory samples or blood cultures 
realized at the admission in ICUs. All patients presented nosocomial 
infection or pneumonia to Ab were excluded.
Results: In the inclusion period, 572 patients were hospitalized in 
the ICUs for severe CAP, 6 of which were attributable to Acinetobacter 
baumannii (CAP-Ab). Patients with CAP-Ab had more alcohol disorders 
(67% vs 28%, OR = 5, p = 0.05) and denutrition state (50% vs 16%, 
OR = 6.4, p = 0.02) than patient with “standard CAP”, 5/6 of patients 
with CAP-Ab were smokers. There was no statistically significant dif-
ference with diabetes, gender, immunosuppression and chronic res-
piratory diseases. Regarding the clinical presentation, patients with 
CAP-Ab presented septic shock (100%) and ARDS (67%). SOFA score at 
admission and mortality were higher (respectively 8 vs 3 and 83% vs 
27% OR = 13, p < 0.01). All patients with CAP-Ab had initially received a 
first line inappropriate antibiotic therapy against Ab associating ceftri-
axone/cefotaxime and spiramycine.
Conclusion: In Reunion Island, severe CAP due to Acinetobacter bau-
mannii represent 1% of CAP hospitalized in ICU and are associated 
with high mortality. The severity of the initial clinical presentation as 
well as the presence of comorbidities such as alcohol disorders and 
denutrition should suggest this pathogen prompting a larger spec-
trum antibiotic therapy.
Reference 1: Leung, W.-S. et  al. Fulminant Community-Acquired Aci-
netobacter baumannii Pneumonia as a Distinct Clinical Syndrome. 
Chest (2006).
Reference 2: Davis, J. S. et al. A 16-Year Prospective Study of Commu-
nity-Onset Bacteremic Acinetobacter Pneumonia. Chest (2014).
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Severe community-acquired pneumonia (SCAP) is a lead-
ing cause of infectious mortality and a frequent reason for admission to 
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intensive care unit (ICU). The recommended empirical antibiotic treat-
ment is an association of a β-lactam plus a macrolide or a respiratory 
fluoroquinolone. Treatment de-escalation strategies are not uniform. 
Our objective was to assess the safety of discontinuing atypical micro-
organism coverage in ICU.
Patients and methods/Materials and methods: We conducted a sin-
gle-centre observational study over 6 years. Clinical data were collected 
retrospectively, microbiological data were collected prospectively. All 
consecutive patients over 18  years admitted to ICU with documented 
SCAP were included. All patients received an empirical combination 
therapy with a β-lactam plus a macrolide or quinolone. Legionella urine 
antigen test (UAT) was performed in all patients at admission. Macrolide 
or quinolone were discontinued if the UAT was negative. We examined 
the clinical and epidemiological characteristics of SCAP and analyzed 
the independent factors associated with ICU mortality.
Results: On 856 SCAP, 26 patients had atypical pneumonia: 18 
Legionella pneumophila (LP) serogroup 1, 3 Mycoplasma pneumoniae 
(MP), and 5 Chlamydia psittaci (CP). There was no other Legionella sero-
group or specie, and no Chlamydophila pneumoniae. UAT diagnosed 
16 Legionella pneumonia. Combination therapy was discontinued for 5 
patients with an atypical pneumonia: 1 with LP, 1 with MP and 2 with CP. 
Although the duration of mechanical ventilation was higher in atypical 
SCAP in univariate analysis, there was no significant difference in length 
of stay and ICU mortality compared with typical SCAP. The multivariate 
analysis showed SAPS II score (Odd-Ratio (OR) = 1.04 by 1-point incre-
ment; 95% confidence interval (CI) 1.03–1.05, p < 0.001) and the need 
for mechanical ventilation (OR = 5.4; 95% CI 2.5–13.3, p < 0.001) as inde-
pendent factors associated with a higher ICU mortality. Type of micro-
organism was not associated with a higher ICU mortality.
Conclusion: In the absence of a specific history, it might be safe to dis-
continue macrolides or quinolones when Legionella UAT is negative. 
This “early” discontinuation strategy reduces antibiotic consumption, 
which has an economic and ecological impact on the human micro-
biota and antibiotic resistance. These results need to be confirmed in a 
multicentre study with a larger cohort.
Compliance with ethics regulations: Yes in clinical research.

Univariate and multivariate analyses between survivors and 
non-survivors
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Rationale: Immunocompromised patients are at risk of severe viral 
infections which may require ICU admission. Flu is responsible of 
yearly epidemic waves and influenza pneumonia may deteriorate into 
acute respiratory syndrome (ARDS). However, data on the outcome of 
influenza pneumonia in critically-ill immunocompromised patients are 
limited.
Patients and methods/Materials and methods: We conducted a 
single-center observational study. All patients admitted to the ICU of a 
French university-affiliated hospital for influenza pneumonia between 
December 1st 2016 and February 28th 2020 were included. The 
main objective was to compare the clinical features and outcome of 
critically-ill patients with flu according to their immunocompromised 
status.
Results: Overall, 137 patients (age 60 (± 2.77) years-old, 58.4% male) 
were included, of whom 58 (42.34%) were intubated. Forty-three 
(31.4%) patients were immunocompromised and 94 (68.6%) had no 
underlying immunosuppression. The main causes of immunosup-
pression were solid tumor (39.53%), hematological malignancies 
(37.21%) and solid-organ-transplantation (13.95%). ICU mortality 
was 13.97%, with mortality of immunocompromised patients being 
three-times that of patients without immunosuppression (25.58% 
versus 8.6%, p = 0.015). Immunocompromised patients were younger 
(58 vs 64  years-old, p = 0.02), had a higher Charlson comorbidity 
index (5.77 vs 3.12, p < 0.0001) and a worse Performance Status (1.72 
vs 1.43, p = 0.02) compared to non-immunocompromised patients. 
In contrast, severity scores (SAPS II), hypoxemia  (PaO2/FiO2 ratio), 
and ventilatory support at ICU admission were similar between the 2 
groups. During the ICU stay, mechanical ventilation (MV) was imple-
mented in 41.86% of immunocompromised patients and 42.55% of 
non-immunocompromised patients (p = 1). There was no difference 
in the rate of ventilator-associated pneumonia between the 2 groups 
(22.2 vs 22.5%, p = 1). Among MV patients, 10 (55.5%) immunocom-
promised patients developed severe ARDS compared to 13 (32.5%) 
non-immunocompromised patients (p = 0.02). On univariate analysis, 
factors associated with ICU mortality were older age, higher Charlson 
comorbidity index, worse Performance status, higher SAPS II, lower 
PaO2/FiO2 ratio, immunocompromised status, acute kidney injury, 
and the use of MV and vasopressors. On multivariable analysis, immu-
nocompromised status was the only factor associated with increased 
ICU mortality (aOR 2.87 (1.07–7.69), p = 0.03).
Conclusion: Immunocompromised patients with severe influenza 
pneumonia were more likely to develop severe ARDS and had a three-
fold increase in ICU mortality compared to non-immunocompromised 
patients. Such difference was not explained by an increased rate of 
ICU-acquired infections, suggesting that influenza virus was by itself 
responsible of a more severe form of pulmonary disease in immuno-
compromised patients. Further studies are needed to assess whether 
new antiviral drugs would translate into better patients’ outcome.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: In the prehospital setting, early identification of septic 
shock (SS) at risk of poor outcome is mainly based on clinical vital 
signs alteration evaluation. The Charlson Comorbidity Index (CCI) is 
an in-hospital tool used for burden of co-morbidity assessment. We 
report the relationship between the modified prehospital CCI, and 
30-day mortality of SS patients initially cared for in the prehospital set-
ting by a mobile ICU (MICU).
Patients and methods/Materials and methods: SS patients defined 
according to the 2012 sepsis-2 conference cared for by MICU between 
February 2017 and December 2021 were retrospectively analyzed. 
The modified prehospital CCI) calculation was based on the available 
comorbid conditions collected in the prehospital setting. A threshold 
of ≥ 6, was chosen according to previous results.
Results: Five-hundred and twenty-nine patients with a mean age of 
70 ± 15 years old were analyzed. Presumed origin of septic shock was 
mainly pulmonary (44%), digestive (25%) or urinary (16%). 30  day-
mortality reached 31%. Propensity score analysis using a multivariate 
logistic regression of Inverse Probability Treatment Weighting, found a 
significant association between the 30-day mortality in the modified 
prehospital CCI ≥ 6: aOR = 1.11 [1.02–1.21], p <  10−3.
Conclusion: Among septic shock patients initially managed by a MICU 
in the prehospital setting, a significant association between 30-day 
mortality and the elevation of modified prehospital CCI of at least 6 is 
useful to early identify a poorer outcome.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Guidelines on sepsis management recommend early 
recognition, diagnosis and treatment, especially early antibiotic 
therapy (ABT) administration in order to reduce septic shock (SS) mor-
tality. However, the adequacy of probabilistic prehospital ABT remains 
unknown.
Patients and methods/Materials and methods: From May 2016 to 
March 2021, all consecutive patients with SS managed by a prehospi-
tal mICU intervention were retrospectively analyzed.
Results: Among 386 patients retrospectively analyzed, 119 (33%) 
received probabilistic prehospital ABT, among which 74% received a 
3rd generation cephalosporin: 31% cefotaxime and 42% ceftriaxone. 
No patient had a serious adverse effect related to ABT administration. 
Overall mortality rate on day-30 was 29%. Among the 119 patients 
with prehospital ABT, bacteriological identification was obtained 
for 81 (68%) patients with adequate prehospital ABT for 65 patients 
(80%) of which 10 (15%) deceased on day-30. Conversely, among the 
16 (20%) patients with inadequate prehospital ABT, 9 patients (56%) 
deceased on day-30. Prehospital adequate ABT was significantly dif-
ferent between alive and deceased patients on day-30 (p = 4.10–3). 
After propensity score matching, a significant association between 

adequate prehospital ABT administration and day-30 mortality was 
observed (aOR = 0.09 [0.01–0.47]). Inverse probability treatment 
weighting with multivariable logistic regression reported a day-30 
mortality decrease in the adequate prehospital ABT group: aOR = 0.70 
[0.53–0.93].
Conclusion: Among SS managed by a mICU, probabilistic prehospital 
ABT is most of the time adequate and associated with a day-30 mortal-
ity decrease. Further prospective studies are needed to confirm these 
results and the weight of prehospital ABT in the prehospital bundle of 
care for SS.
Compliance with ethics regulations: Yes in clinical research.

Study flow chart
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Rationale: Cervicofacial cellulitis (CFC) is a severe infection of the sub-
cutaneous cellular tissue, and is one of the most serious head and neck 
infectious emergencies [1]. Procalcitonin (PCT) is a “specific marker of 
bacterial infection” [2]. Our objective was to evaluate the prognostic 
value of PCT in CFC in intensive care unit.
Patients and methods/Materials and methods: retrospective cohort 
over 6  years which covered all patients treated for CFC in intensive 
care unit at the August 20 hospital in Casablanca. All patients with less 
than two PCT assays  were excluded.
Results: 47 patients were admitted for CFC during the duration of our 
study, 30 of whom had at least 2 PCT values. The annual incidence of CFC 
was 8 cases/year. The average age was 41 years old. The sex ratio was 1. 
The main medical history of admitted patients was diabetes (33.33%), 
hypertension (22.33%) and poor oral health (22.33%). The infectious 
gateway was dental in 53.33%. The average consultation time was 
12 days. The main complications were upper aerodigestive tract obstruc-
tion (43.3%), mediastinitis (40%) and meningeal extension (13.3%). Posi-
tive PCT was found in 60% of cases. In bivariate analysis, positive PCT at 
admission was associated with mortality (p = 0.04), but not with length 
of stay (p = 0.49) or septic shock (p = 0.52) neither other clinical or biolog-
ical parameters. The ascending kinetics of PCT was associated with the 
duration of hospitalization (0.017) but not with death.
Conclusion: Elevated PCT at admission seems to have prognostic 
rather than diagnostic value, multicenter studies should confirm this 
result.
Reference 1: 1) Bennani-Baïti, A A et  al. “Cervicofacial cellulitis: The 
impact of non-steroidal anti-inflammatory drugs. A study of 70 cases.” 
European annals of otorhinolaryngology, head and neck diseases vol. 
132,4 (2015): 181–4. https:// doi. org/ 10. 1016/j. anorl. 2015. 06. 004
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Reference 2: 2) Venet, C., et al. “Marqueurs biologiques de l’infection 
en réanimation chez l’adulte?: place de la procalcitonine Biological 
markers of infection in critically ill adult patients: role of procalcitonin.” 
Réanimation, vol. 11, no. 3, May 2002, pp. 156–
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Biofilm (BF) is considered to have a major impact on the 
development of ventilator-associated pneumonia (VAP) in inten-
sive care unit (ICU) [1]. Despite an increasing amount of relevant 
data regarding the formation of BF [2], significant results are still 
lacking to understand the potential implication of endotracheal 
tube (ETT)-BF dispersal and better characterize the impact of its 
mesostructure and microbiological singularity on the occurrence of 
VAP.
Patients and methods/Materials and methods: We conducted 
a multicenter retrospective observational study in both Wil-
liam Morey general hospital and the University Hospital of Dijon 
between March and May 2021. Patients admitted in the ICU who 
required for more than 48  h invasive mechanical ventilation (MV) 
were screened for subsequent ETT characterization. Following tra-
cheal extubation, we collected ETT, studied the mesostructural 
morphology of ETT-deposited BF with confocal microscopy (CM) 
and compared its microbiological characteristics to other coloniza-
tion/infection sites.
Results: A total of 64 ETT were included in the study. Confocal 
microscopy acquisitions of ETT sections revealed a significant 
correlation between BF thickness and MV duration as well as two 
main morphological aspects of ETT-deposited BF (Fig.  1A to 1D): 
a thinner continuous ribbon-shaped (rs) aspect, less likely mono-
bacterial and predominantly associated with Enterobacter spp., 
Streptococcus pneumoniae or Viridans streptococci, and a thicker 
discontinuous mushroom-shaped (ms) appearance more likely 
correlated with the association of bacterial and fungal species in 
respiratory samples (Fig.  1E). The microbiological characteriza-
tion of ETT-deposited BF and subsequent cartography allowed 
the identification of additional species only in BF (Fig. 1F and 1G) 
with higher acquired resistance in more than 80% of analyzed BF 
phenotypes when compared to other colonization sites from the 
patient’s environment.
Conclusion: The present study reveals novel morphological and 
microbiological data regarding ETT-deposited BF characteriza-
tion and formation in ICU patients. BF sampling as well as micro-
biological phenotypic cartography returned precious information 
regarding the acquisition of BF-exclusive species with preeminent 
antibiotic resistance and would therefore constitute a clinical 
value added in the perspective of future ETT-deposited BF-based 
antimicrobial stewardship in critically ill patients at increased risk 
for VAP.

Reference 1: Fernández-Barat L, Torres A. Biofilms in ventilator-associ-
ated pneumonia. Future Microbiology. déc 2016;11(12):1599–610.
Reference 2: Thorarinsdottir HR, Kander T, Holmberg A, Petronis S, Kla-
rin B. Biofilm formation on three different endotracheal tubes: a pro-
spective clinical trial. Crit Care. déc 2020;24(1):382.
Compliance with ethics regulations: Yes in clinical research.

ETT-deposited BF characterization. A) ETT section. B) CM of rs BF (bar, 
50 µm). C) CM of ms BF (bar, 25 µm). D) MV duration-BF thickness corre-
lation. E) BF bacterial-fungal distribution. F–G) BF lost-found differential 
species/patient (F) or median (G).
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Rationale: Pseudomonas aeruginosa is a main cause of ventilator-asso-
ciated pneumonia (VAP) with drug-resistant bacteria. Bacteriophage 
therapy has experienced resurgence to compensate for the limited 
development of novel antibiotics. However, phage therapy is limited 
to a compassionate use so far, resulting from lack of adequate stud-
ies in relevant pharmacological models. We used a pig model of pneu-
monia caused by P. aeruginosa that recapitulates essential features of 
human disease to study the antimicrobial efficacy of nebulized-phage 
therapy.
Patients and methods/Materials and methods: (i) Lysis kinetic 
assays were performed to evaluate in  vitro phage antibacterial effi-
cacy against P. aeruginosa and select relevant combinations of lytic 
phages. (ii) The efficacy of the phage combinations was investigated 
in  vivo (murine model of P. aeruginosa lung infection). (iii) We deter-
mined the optimal conditions to ensure efficient phage delivery by 
aerosol during mechanical ventilation. (iv) Lung antimicrobial efficacy 
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of inhaled-phage therapy was evaluated in pigs, which were anaesthe-
tized, mechanically ventilated and infected with P. aeruginosa.
Results: By selecting an active phage cocktail and optimizing aerosol 
delivery conditions, we were able to deliver high phage concentra-
tions in the lungs, which resulted in a rapid and marked reduction in 
P. aeruginosa density (1.5-log reduction, p < 0.001). No infective phage 
was detected in the sera and urines throughout the experiment.
Conclusion: Our findings demonstrated (i) the feasibility of delivering 
large amounts of active phages by nebulization during mechanical 
ventilation and (ii) rapid control of in situ infection by inhaled bacte-
riophage in an experimental model of P. aeruginosa pneumonia with 
high translational value.
Compliance with ethics regulations: Yes in animal testing.
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Rationale: The incidence of ventilator-associated pneumonia caused 
by Stenotrophomonas maltophilia (SM-VAP) is on the rise. This disease 
is associated with increased morbidity and mortality in intensive care 
unit (ICU), notably due to intrinsic resistance and ineffective probabil-
istic antibiotic therapy. Our study aimed to determine the risk factors 
for a first episode of SM-VAP in ICU.
Patients and methods/Materials and methods: This single center 
retrospective study was conducted from 2010 to 2018 in the polyva-
lent ICU of University Hospital. All patients who developed ventilator-
associated pneumonia (VAP) during their ICU stay were consecutively 
evaluated. Patients with a first episode of SM-VAP were compared to 
those with a first episode of VAP caused by another microorganism.
Results: A total of 89 patients developed a first episode of SM-VAP 
over the study period. In the group of patients with SM-VAP, infec-
tion was polymicrobial in 43.8% of cases and ICU mortality was 49.4%. 
After multivariate logistic regression analysis, the risk factors for a first 
episode of SM-VAP were: chronic respiratory failure (Odds Ratio (OR): 
4.212; 95% Confidence Interval (CI): 1.776–9.989; p = 0.001), chronic 
renal failure (OR: 2.693; 95% CI: 1.356–5.352; p = 0.05), use of third-
generation cephalosporins active against Pseudomonas aeruginosa 
(OR 2.862; 95% CI: 1.505–5.442; p = 0.001), and female sex (OR: 2.646; 
95% CI: 1.458– .808; p = 0.001).
Conclusion: In our study, chronic respiratory failure, chronic renal 
failure, use of third-generation cephalosporins active against P. aerugi-
nosa, and female sex were identified as risk factors for a first episode 
of SM-VAP.
Compliance with ethics regulations: Yes in clinical research.

FC‑239 
Ventilator associated pneumonia among severe Covid‑19 related 
ARDS patients
ZGHIDI  Marwa1, BEN SAIDA  Imen1,2, MAATOUK  Iyed1, HAMDI  Dhouha1, 
BOUBTANE  Rihab1, BOUSSARSAR  Mohamed1

1Farhat Hached University Hospital, Medical Intensive Care Unit, 
Sousse,TUNISIA, Sousse, Tunisie; 2Research Laboratory N° LR12SP09. Heart 
Failure. Farhat Hached University Hospital, Sousse, Tunisia, Sousse, Tunisia, 
Tunisie 
Correspondence: Marwa ZGHIDI (marwa_zghidi@outlook.fr)
Annals of Intensive Care 2022, 12(1):FC-239

Rationale: The pandemic of coronavirus disease 2019 (covid19) has 
resulted in high rates of hospitalization in intensive care units (ICU) 
with widespread use of invasive mechanical ventilation (IMV) which 
exposes patients to the risk of ventilator-associated pneumonia (VAP). 
The objectives were: to determine the trends in frequencies and to 
analyze the characteristics, prognosis and risk factors of ventilator-
associated pneumonia, in severe Covid-19 related ARDS patients.
Patients and methods/Materials and methods: This was a retrospec-
tive study of patients hospitalized with severe COVID-19 from March 
2020 to October 2021, in a medical intensive care unit who required 
mechanical ventilation for more than 48  h. The study period was 
divided in three transition stages corresponding to each new adjust-
ment. VAP was identified by using a combination of clinical, imaging 
and laboratory criteria. Univariate analysis and multivariable logistic 
regression were used to analyze the associated factors with VAP.
Results: During the study period, 442 patients with positive RT-PCR 
COVID-19 were hospitalized in the ICU. Two hundred fifteen (48.6%) 
were mechanically ventilated and met the inclusion criteria. Patients’ 
characteristics were: mean age, 65 ± 12 years; male, 142(66%); median 
SAPSII on admission, 32 [26–38]; median SOFA on admission, 3 [1–4]; 
median IMV duration, 8 [4–12] days. The median length-of-stay was 
11 [7–17] days. The overall mortality rate was 83%. Overall, 27(12.5%) 
patients developed VAP with density incidence rate estimated at 10.5 
VAP/1000 ventilator days. The three identified periods were respec-
tively, February–October 2020 (9  months) November 2020–April 
2021 (6 months); and May–September 2021 (5 months).VAP frequen-
cies were respectively, 6(28.5%), 12(11.3%) and 9(10.2%) at stages 
1, 2 and 3. Patients with VAP had significantly longer duration of IMV 
(9[5–13] vs 7[4–11] days, p = 0.007), longer length of ICU stay (12[8–17] 
vs 10[7–16] days, p = 0.007), higher mortality rate (98.5% vs 79.5%, 
p = 0.027) and lower extubation rate (1.5% vs 31%, p = 0.001). The 
most frequently isolated microorganism was Acinetobacter bauman-
nii 12(44%), followed by Pseudomonas aeruginosa, 7(26%); Klebsiella 
pneumonia, 4(14.8%) and Candida albicans, 2(7.4%). The only risk fac-
tor independently associated with VAP was the  duration of IMV (RR, 
1.15; 95% CI, [1.04–1.27]; p = 0.006).
Conclusion: Mechanically ventilated COVID-19 patients had a high 
frequency of ventilator-associated pneumonia, varying according to 
protection measures. IMV duration was identified as independent risk 
factor for VAP.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Few data of long-term outcome (including infectious 
complications) of early steroids course for COVID-19 related acute 
respiratory distress syndrome (ARDS) are available. This multicentric 
retrospective cohort study aims to determine the influence of an early 
course of steroids on ventilator-associated pneumonia (VAP) incidence 
in COVID-19 patients under mechanical ventilation (MV).
Patients and methods/Materials and methods: We included 
patients over 18  years old admitted in ICU for SARS-CoV 2 related 
ARDS under MV for at least 48 h in 15 ICUs. Inclusion period was from 
1st January to 31st$ December of 2020. Early steroid group (ESG) was 
defined by administration of corticosteroids within 24 h of admission 
whereas patients in control group (CG) did not receive corticosteroids 
within 24 h of admission. The main study outcome was VAP incidence. 
Secondary outcomes included day 90 mortality, MV duration, other 
organ dysfunctions and VAP characteristics.
Results: We included 670 patients of mean age 67 years-old, of whom 
369 in ESG and 301 in CG. Sex ratio (73.9% male), rate of hyperten-
sion (55.2%) and diabetes (31.2%) was similar between groups. 
ESG was slightly older (mean age 66.7 ± 10.2 vs 63.5 ± 11.3  years-
old, p = 0.0001), had greater BMI (30.4 ± 6.0 vs 28.9 ± 5.4  kg/m2, 
p = 0.0007), more immunosuppression (20.3% vs 10.6%, p = 0.0007) 
and a greater Charlson score (4.3 ± 2.5 vs 3.1 ± 2.2, p < 0.0001). Mean 
 PaO2/FiO2 ratio upon admission was 143 ± 67. The cumulative inci-
dence of VAP with death and extubation as competing events was 
higher in ESG, with a Hazard Ratio (HR) of 1.29 (CI95% [1.05; 1.58], 
p = 0.016). Antibiotic therapy was active on future identified bacteria 
on 80.8% vs 74.6% patients in ESG vs CG (p = 0.18). Bacterial antibi-
otic resistance of VAP was not different (OR 0.94, CI95% [0.58; 1.53], 
p = 0.81). In univariate analysis, there was no difference in day-90 mor-
tality between groups with 30.9% in ESG vs 24.3% in CG (p = 0.111). In 
a multivariate analysis, there was no difference in day-90 mortality in 
both group (HR 1.15, CI95% [0.83; 1.60], p = 0.411). VAP was associated 
with a higher day-90 mortality (HR 1.63; CI95% [1.17; 2.28], p = 0.0003). 
Each increase of 1 years-old (HR 1.05, CI95% [1.03; 1.07], p < 0.001) and 
increase of 1 point of SOFA score (HR 1.15, [1.09;1.22], p < 0.0001) were 
also associated with an increase of mortality.
Conclusion: In this retrospective study, early use of steroids was asso-
ciated with an increased risk of developing VAP in mechanically ven-
tilated COVID-19 patients. Risk of death was higher in presence of 
VAP, but day-90 mortality did not reach statistical difference between 
groups. These results suggest VAP associated mortality could counter-
balance steroids benefits in this population.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Patients hospitalized in the intensive care unit (ICU) for 
COVID-19 related acute respiratory distress syndrome (ARDS) are at 
high risk for recurring ventilator-acquired pneumonia (VAP), that are 
associated with poor outcome. The aim of this study was to describe 
characteristics of first episode and recurrences of VAP along the 3 first 
epidemic waves, and to identify determinants involved in the recur-
rence, including host, microbiological and treatment factors.
Patients and methods/Materials and methods: We conducted a 
retrospective observational study in a 24-bed ICU between March 
2020 and May 2021. All adult patients admitted for severe COVID-19 

pneumonia requiring > 48 h of mechanical ventilation were consecu-
tively included. VAP episodes were diagnosed using clinical, radio-
logical and quantitative microbiological criteria. VAP recurrence was 
defined as reappearance of VAP criteria after antibiotic discontinua-
tion, with at least one bacterial species growing at a significant con-
centration from a new respiratory sample. Recurrence was considered 
a “relapse” if at least one of the initial causative bacterial strains grew 
at a significant concentration from a second distal sample; otherwise, 
it was considered a “superinfection”. Among patients with first episode 
of VAP, we investigated determinants associated with recurrence using 
logistic regression analysis with Cox-model. Primary outcome meas-
urement was ICU discharge without VAP recurrence.
Results: Of 154 included patients, 115 (75%) presented a first epi-
sode of VAP. At least one recurrence occurred in 64/97 (66%) patients 
who survived from the first episode, with same pathogen in 49/64 
(76%) patients (relapse). Enterobacteriaceae (56%) and Staphylococ-
cus aureus (37%) were the most frequently isolated in the first episode, 
while recurrences recovered mainly Enterobacteriaceae (67%) and 
non-fermenting Gram-negative bacteria (53%). Infection with Methicil-
lin-susceptible S.aureus was associated with an increased risk of recur-
rence within 7 days after antimicrobial treatment interruption (HR for 
absence of recurrence: 0.3 [0.1–0.9]) compared with other pathogens. 
The ICU mortality was 32% in our study population. Among patients 
who survived the first episode of VAP, recurrence was correlated with 
poorer outcome (mortality of 34% vs 9% if no recurrence; P = 0.006) 
Prolonged duration of antimicrobial treatment (> 7  days), as well as 
appropriate empiric antimicrobial treatment were associated with an 
increased probability of ICU discharge without VAP recurrence: HR 7.3 
[2.2–24.1] and HR 2.7 [1.0–7.0].
Conclusion: In COVID-19 related ARDS patients treated for first VAP 
episode, prolonged duration of antimicrobial treatment may be a pos-
sible key to reduce VAP recurrences and have a beneficial impact on 
prognosis in ICU.
Compliance with ethics regulations: Yes in clinical research.

Factors associated with discharge of ICU without recurrence of VAP
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Rationale: Ventilator-associated pneumonia (VAP) is a common and 
serious infection that is often difficult to diagnose. Biomarkers have 
been proposed as a diagnostic tool. The assay of procalcitonin (PCT) 
is not recommended for diagnostic purposes, but numerous studies 
have shown its prognostic value. The use of the kinetics, rather than an 
absolute value, seems more relevant.
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Patients and methods/Materials and methods: Patients with an epi-
sode of VAP between December 2005 and October 2017 were identi-
fied. After excluding the missing data, 518 patients were included 
and divided into three groups according to their procalcitonin 
kinetics between D2 and D3 (Group 1: ΔPCTD2-D3 ≥ 30%; group 2: 
ΔPCTD2-D3 = [1–29%]; group 3: ΔPCTD2-D3 ≤ 0%).
Results: The 1st group (148 patients) had a 28-day mortality of 
29,7%, the 2nd group (212 patients) of 42,9%, and the 3rd group (158 
patients) of 50,6%. Mortality was greater in group 3, after univariate 
(p = 0.001) and multivariate (p = 0.014) analysis. Multivariate analysis 
identified age, cirrhosis, chronic renal failure, and belonging to group 
3, as independent factors associated with mortality.
Conclusion: Our study suggests that the kinetics of procalcitonin 
between the following day and two days after the diagnosis of VAP 
(D2–D3) may be a prognostic marker of mortality. The identification of 
factors associated with mortality could allow the early identification of 
patients at risk in order to optimize their management.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Ventilator-associated pneumonia (VAP) is the most com-
mon cause of infection in the ICU but its diagnosis remains challeng-
ing. In this context, the CPIS, one of the most universal VAP score may 
help. Most of its component may be modified by “external factors” 
and therefore CPIS is in fact neither very specific neither very sensi-
tive. Endotracheal secretions are one of the clinical criteria used for 
the diagnosis of VAP in CPIS and European and American guidelines. 
However, few studies analyzed the properties of those secretions, and 
their dynamics during mechanical ventilation. We hypothesized that 
endotracheal secretions volume modifications could help to early 
identify patients developing VAP.
Patients and methods/Materials and methods: We conducted a 
prospective study in adult patients requiring mechanical ventilation 
(MV) for at least 7  days. Included patients had to be free from acute 
or chronic pulmonary disease and from any acute infectious disease 
or antibiotic treatment before inclusion. Mostly neurological patients, 
including trauma were targeted to have a “very clean” population. 
Patients were included from intubation and all endotracheal secre-
tions collected as part of routine care by bedside nurses were collected 
until D7. Daily secretions volume and appearance were measured as 
well as all CPIS components. All VAP events were retrospectively vali-
dated by a blinded adjudication committee. We analyzed the progres-
sion of CPIS during the first week of ventilation, and the variations in 
volume aspirates to identify different group pattern. Descriptive statis-
tics were used to describe the study cohort. Spaghetti plot was used to 
visualize individual trajectories according to the VAP events.
Results: Forty-eight patients were analyzed [28 men; 58 (± 15) years 
old, BMI 26.4 (± 6.6)  kg/m2, Apache II score 14.3 (± 5.3), Charlson 
Comorbidity Index of 2.8 (± 1.9)]. Ten (21%) patients developed VAP 
and 1556 ETA samples were analyzed. Although the volume aspirate 
tends to increase during mechanical ventilation in all patients (figure), 
we did not find differences between patients with or without VAP, and 
no pattern could be identified. The mean and standard deviation of 
volume aspirate for patients without VAP being high, it covered the 
value of patient with VAP. Concerning the CPIS, our study shows the 
absence of relevance of the CPIS, independently from the infectious 
status.
Conclusion: Our study did not permit to identify pattern for patients 
at risk of VAP, using the daily volume aspirate or the CPIS.
Compliance with ethics regulations: Yes in clinical research.

Kinetics of daily volume aspirate during the first 7 days of ventilation. 
Coloured lines: patients who developed VAP (stops the day before VAP) 
Dashed and black lines: the mean ± the standard deviation for the 
patients without VAP.
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Rationale: Fibroblastic proliferation with organizing fibrosis occurred 
in the late stage of COVID-19 related acute respiratory distress syn-
drome (CARDS)1. Monitoring lung fibroproliferation would help to 
timely introduce rescue corticosteroids therapy (CST). This study inves-
tigates the value of serial measurements in serum of three extracel-
lular matrix (ECM) biomarkers to detect lung fibroproliferation during 
 CARDS2.
Patients and methods/Materials and methods: Five patients with 
lung fibrosis following CARDS were studied. All patients had reticu-
lations and bronchiectasis on CT scans and three had lung biopsy 
with confirmed histologic fibrosis. Three patients who underwent 
elective thoracic surgery and had normal preoperative lung func-
tion served as controls. The concentrations of amino-terminal 
propeptide of type I and type III procollagens (PINP, PIIINP) and hya-
luronic acid (HA) were measured weekly using radioimmunoassay 
 (UniQ® RIA, Aidian Oy, Espoo, Finland) and immunoturbidimetric 
method (HA LT, FUJIFILM Wako Chemicals, Neuss, Germany). A PII-
INP level above 16 µg/L indicated high probability of lung  fibrosis2. 
Cut-offs for PINP and HA have not yet been established. Compari-
sons were performed using Mann–Whitney U test and correlation 
with the Rho Spearman’s test. Data are presented as median and 
interquartile.



Page 154 of 167Annals of Intensive Care  2022, 12(Suppl 1):54

Results: The five fibrotic patients were mostly male (80%), aged 58 
[52,70] years, and had normal respiratory function prior admission. All 
received mechanical ventilation with a median duration of 37 [32,71] 
days and three required veno-venous extracorporeal membrane 
oxygenation during 20 [13,21] days. Only one patient survived (Case 
F-5). The average concentrations of PIIINP and HA over the stay were 
higher in fibrotic patients compared to controls, respectively 14 [9.2, 
22] vs. 2.5 [2.2, 4] µg/L (p = 0.005) and 311 [143, 699] vs. 37 [22, 80] 
µg/L (p = 0.007). In contrast, PINP did not differ between cases (37.5 
[21, 53] µg/L) and controls (40 [19.8, 44.5] µg/L; p = 0.64). Figure 1 dis-
played the time course of biomarkers in fibrotic individuals. The time-
weighted average concentrations of PIIINP and HA correlated with the 
amount of histologic lung fibrosis (respectively ρ = 0.749, p = 0.032 
and ρ = 0.687, p = 0.059). Serum PIIINP levels overcrossed the prede-
fined fibrosis threshold in all cases within a median delay of 16 (14,25) 
days.
Discussion: This proof-of-concept study is the first to describe the 
course of three ECM biomarkers in the serum of patients with CARDS 
related lung fibrosis. Only PIIINP and HA exhibited dynamic varia-
tions, increased average concentrations and correlated with histologic 
fibrosis. PIIINP levels exceeded the predefined fibrosis threshold in all 
fibrotic patients.
Conclusion: The non-invasive monitoring of lung fibroproliferation 
using serial measurement of PIIINP in serum represents a promising 
strategy and warrants larger investigations.
Reference 1: Carsana, L et  al. Pulmonary Post-Mortem Findings in a 
Series of COVID-19 Cases from Northern Italy: A Two-Centre Descrip-
tive Study. The Lancet Infectious Diseases 2020, 20 (10), 1135–1140.
Reference 2: Forel, J.-M et al. Type III Procollagen Is a Reliable Marker 
of ARDS-Associated Lung Fibroproliferation. Intensive Care Med 2015, 
41 (1), 1–11.
Compliance with ethics regulations: Yes in clinical research.

Time course of serum biomarkers concentration among the five CARDS 
related fibrotic patients. A: PINP (dashed line) and PIIINP (solid line). 
B: Hyaluronic acid (HA). C: Daily dose of corticosteroid therapy (CST) 
expressed as methylprednisolone equivalent.
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Rationale: During the COVID-19 pandemic, thoracic computed 
tomography (CT) has proven to be a useful tool not only for diagnosis 
but also for assessing the extent of SARS-COV2 lesions and detecting 
possible thoracic complications. The aim of our study was to assess the 
risk of death or use of invasive mechanical ventilation (IMV) in patients 
hospitalized with SARS-COV2 pneumonia according to the percentage 
of lung parenchymal injury.

Patients and methods/Materials and methods: This was a retrospec-
tive study conducted in a medical intensive care unit for 16-month 
period from September 2020 to December 2021. Patients hospitalized 
with SARS-COV2 pneumonia who received a chest CT scan within the 
first 48 h of their stay in the ICU were collected.
Results: This study included 440 COVID-19 patients, with a mean 
age of 59.7 ± 14.3  years and a male predominance (sex ratio = 1.75). 
On admission, 328 patients had severe acute respiratory distress syn-
drome (ARDS) (74.5%) Invasive mechanical ventilation was required in 
196 (44.5%) patients and overall mortality was of 48% (210 patients). 
Severe lung damage ranging among 75% of the lung parenchyma 
was estimated in 117 patients (26.6%), of which 99 patients had severe 
ARDS on admission (85%), 62 patients had required mechanical venti-
lation (53%; p = 0.036), and 64 had developed infections during hos-
pitalization (55%, p = 0.036). Comparison between patient outcomes 
according to the extent of parenchymal lesions on CT is shown in 
Table I.
Conclusion: Initial quantitative assessment of COVID-19 lesions may 
predict severity and outcomes in patients admitted with SARS-COV2 
pneumonia.
Compliance with ethics regulations: Yes in clinical research.

Table I: Patient outcomes according to CT extent of parenchymal 
lesions COVID-19
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Rationale: Several chest CT severity scores have been developed 
during the covid-19 pandemic. These scores were usually higher in 
patients with critical disease compared to those with less severe dis-
ease. The aim of this study is to compare the performance of two CT 
scoring methods in predicting the risk of intubation in patients initially 
managed with non-invasive ventilation (usually High Flow Nasal Oxy-
genation (HFNO)).
Patients and methods/Materials and methods: A single-center 
prospective analysis conducted during a 5-months period (from Sep-
tember 2020 to January 2021). All patients admitted to ICU with RT-
PCR confirmed covid-19 infection and requiring HFNO as a respiratory 
support were included. All CT-scan images were analyzed according to 
two scores. The first one was widely used during the pandemic, gives 
precedence to the extension of the lesions, an extension expressed in 
a semi-quantitative way (< 25%, 25–50%, 50–75%, > 75%) and gives 
less importance to the nature of the lesions or their distribution, in 
particular in the antero-posterior dimension. The second score is 
an older one, first proposed during the H1N1 epidemic, and later on 
applied in several studies on ARDS. It divides each of the two lungs 
into 6 quadrants with 3 anteroposterior and longitudinal divisions. 
Weighing is assigned according to location and type of lung injury. 
This score ranges from zero to 72. We compared the performance of 
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these two scores in predicting HFNO failure by calculating the area 
under the receiver operating characteristic (ROC) curves (AUC).
Results: During the study-period, a total of 137 patients were admit-
ted for covid-19 ARDS. From this cohort, we included 106 patients with 
a positive RT-PCR test and available chest CT scan. This population 
included 76 (71.7%) male and 30 (28.3%) female with a median age of 
62.5 years (IQR 53.75–69). All patients were put under HFNO at admis-
sion of whom 29 (27.4%) patients required invasive mechanical venti-
lation. The most common lesions of the disease included ground glass 
opacities (GGO) present in 103 (97.2%) patients, followed by consoli-
dations (n = 83, 78.3%) and crazy paving pattern (n = 62, 58.5%). Both 
scores were well correlated (Pearson correlation coefficient of 0.75). 
The AUC for Score 1 was 0.73 (95% CI 0.623–0.843) with a p value and 
the CT score 2 had an AUC of 0.81 (95% CI 0.719–0.911) with a p value 
of 0.000 (Fig. 1).
Conclusion: These data suggest the potential role of CT scores for pre-
dicting the ventilatory outcome of SARS-CoV-2 patients. Both scores 
had a good discrimination for patients with higher risk of intubation.
Compliance with ethics regulations: N/A.

ROC analysis of the score1 and score2 for prediction of requiring Invasive 
mechanical ventilation
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Rationale: In December 2019, a new coronavirus, named SARS-CoV-2 
(severe acute respiratory syndrome coronavirus 2), was discovered in 
the Hubei province of China, causing numerous cases of pneumonia in 
the World, to the point of getting the status of pandemic in March of 
2020. Worldwide, the use of chest computed tomography (CT) to facili-
tate the management of the COVID-19 crisis has been uneven. Despite 
many scientific publications on COVID-19, very few of them have eval-
uated the prognostic use of CT at admission in the emergency room. 
Our study was conducted in order to determine a potential correlation 
between the percentage of lung damage on CT scans at admission in 
patients with positive COVID-19 RT-PCR and their prognosis.
Patients and methods/Materials and methods: This monocenter, 
observational, retrospective study aims to establish the prognostic 

value of the CT scan at admission in the emergency room based on the 
percentage of lung damage on CT scans at admission. Our secondary 
goals were to determine the clinical characteristics of patients admit-
ted in the emergency room with a COVID-19 infection, and to report 
the non-clinical characteristics associated with a poor prognosis.
Results: From March 3rd to May 9th 2020, 293 patients admitted at 
the emergency room or the ICU for a COVID-19 infection and who 
underwent through a CT scan at admission were included in our study. 
After splitting our population between 3 groups, based on the per-
centage of lung damage on the CT scans (< 50%, > 50%, atypical), we 
found that 42% of patients presenting more than 50% of lung dam-
age on the CT scan at admission were deceased or admitted at the 
ICU 7 days after admission (versus 20% and 12% in the 2 other groups, 
p < 0,01). In multivariable analysis, the sole percentage of lung damage 
on CT scans was associated with a poor prognosis (RR 3.37 [1.6–7.12], 
p = 0.02). The interpretation of the CT scan is bound to an inter-indi-
vidual variation (Kappa-Cohen coefficient going from 0.19 to 0.53). The 
severity score of the CT scan was better associated with prognostic 
7 days post admission when the CT was read by an expert radiologist 
(AUC = 0.714), versus automated severity score (AUC = 0.675) or by the 
on-call radiologist (AUC = 0.657).
Conclusion: CT scans at admission for patients with a COVID-19 infec-
tion are useful to predict admission in the ICU or mortality 7 days post 
admission.
Compliance with ethics regulations: N/A.
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Rationale: Echocardiography is a crucial tool for the management of 
patients admitted in intensive care units (ICUs). Indeed, it is widely 
available and non-invasive. It offers vital data for diagnosis and treat-
ment of the most common pathological conditions encountered in 
critically ill patients such as acute respiratory failure (ARF). We aimed to 
determine the role of echocardiography in the diagnosis, therapeutic 
changes and prognosis among patients admitted for ARF.
Patients and methods/Materials and methods: We conducted a ret-
roprospective study in the ICU of a Tunisian University Hospital from 
January 2017 to June 2020. All patients aged over 18 years admitted 
for ARF and receiving at least one echocardiography in our depart-
ment were included.
Results: A total of 346 patients received an ultrasound examination 
(476 echocardiography). Almost two thirds were male (72.5%). Median 
age was 65 [55, 72] years. The main medical history was respiratory 
diseases (61%). Fifty percent were under non-invasive ventilation and 
48.3% under mechanical ventilation. Median duration of ventilation 
was 10 [5, 17]. Among the transthoracic echocardiography, 87.1% 
were performed within 48 h of admission. Main indication of echocar-
diography was suspicion of an increase in left ventricular filling pres-
sures (38.7%) (mean E/E′ ratio was 10.4 ± 3.6, and mean E/A ratio was 
1.4 ± 0.8). The main abnormalities of echocardiographic examinations 
were right heart dysfunction and left ventricular diastolic dysfunction 
(47.7% and 46% respectively). Echocardiography allowed hemody-
namic monitoring in 25.7%. Echocardiography changed or clarified 
the initial diagnosis in 67.9%. In total, 67.9% of patients received a 
therapeutic change after an echocardiographic examination mainly 
furosemide (42.3%) and limitation of vascular filling (36%). Mortality 
rate was 30.9%. Almost 10% of the patients had RV/LV ratio > 1. The 
majority of patients who survived (90.9%) had RV/LV ratio < 1 (p = 0.6). 
Mean LVFE was 52.3 ± 13.1 in patient who died and 56.7 ± 9.2 in 
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survivors (p = 0.002). Mean PAPS was 55.2 ± 16.5 in patient who died 
and 48.4 ± 13.2 in survivors (p = 0.05). The majority of patients who 
survived received a therapeutic change (64.4%) (p = 0.03).
Conclusion: Our study confirms the importance of echocardiographic 
examination in the diagnosis, hemodynamic monitoring, therapeutic 
changes, and prognosis in ICU, particularly in patients admitted for 
ARF. Thus, intensivists should have the necessary training for better 
patient management.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Beside oxygenation and respiratory mechanics, chest radi-
ograph has been proposed to estimate the extent of lung injury and to 
predict the outcomes of mechanically ventilated patients at the bed-
side. The Radiographic Assessment of Lung Edema (RALE) score has 
thus been shown to correlate with edema in lung explants and with 
hypoxemia and survival in patients with acute respiratory distress syn-
drome (ARDS) (1). Its clinical value has however not yet been assessed 
in a general ICU population of mechanically ventilated patients with 
or without ARDS criteria. This study aimed to assess whether the RALE 
score can allow to predict the end-expiratory lung volume (EELV) and 
the outcomes in mechanically ventilated patients, differently from 
oxygenation or lung and respiratory system compliances.
Patients and methods/Materials and methods: All patients admit-
ted to two ICUs and mechanically ventilated for any cause were pro-
spectively enrolled. Gas exchange, respiratory mechanics (including 
esophageal pressure measurements), end-expiratory lung volume 
(EELV, using the nitrogen wash-out wash-in technique) and chest radi-
ograph were assessed within 36 h after intubation when the patients 
were ventilated in volume-controlled ventilation (tidal volume = 6 mL/
kg predicted body weight (PBW)) with a positive end-expiratory 
pressure of 5 cmH2O. The RALE score, in which the four quadrants 
of the chest are scored on a numerical scale for extent of consolida-
tion and density of opacification, was independently assessed by two 
investigators.
Results: 217 patients were enrolled (124 men (83%), age 65 [56–77] 
years). 104 patients (48%) had ARDS criteria according to the Berlin 
definition. The RALE score was 19.9 [8.5–31.0]. The RALE score, respira-
tory system compliance, lung compliance and  PaO2/FiO2 ratio were 
well correlated to EELV/PBW (r = − 0.39, p < 0.001; r = 0.51, p < 0.001; 
r = 0.60, p < 0.001 and r = 0.41, p < 0.001, respectively). The RALE score 
was lower in patients who survived at day 60 than in those who did 
not survive (16.5 [6.1–27.3] vs 22 [12.0–32.0], p < 0.05). The respiratory 
system compliance was not different between the survivors and the 
non-survivors at day 60 (48 [39–58] vs 46 [36–57] mL/cmH2O, p = 0.32), 
neither was the lung compliance (83 [60–101] vs 73 [49–94]  mL/
cmH2O respectively, p = 0.06). The  PaO2/FiO2 ratio was lower in the 
survivors than in the non-survivors at day 60 (201 [147–263] vs 155, 
[103–257]), p < 0.05).
Conclusion: The RALE score measurement may allow to estimate the 
end-expiratory lung volume, similarly to the assessment of oxygena-
tion or compliances and to predict mortality at day 60 in mechanically 
ventilated patients.
Reference 1: Warren MA, Zhao Z, Koyama T, Bastarache JA, Shaver 
CM, Semler MW, et  al. Severity scoring of lung oedema on the chest 
radiograph is associated with clinical outcomes in ARDS. Thorax. 2018 
Sep;73(9):840–6.

Compliance with ethics regulations: Yes in clinical research.
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Rationale: Predicting early the need for mechanical ventilation (MV) 
during COVID-19 is highly relevant for triage. Biomarkers of alveolar 
epithelial and endothelial injuries might be helpful in this context. This 
study investigates the value of four biomarkers in patients hospitalized 
for moderate to severe COVID-19 pneumonia.
Patients and methods/Materials and methods: Fifty-four patients 
with laboratory confirmed COVID-19 pneumonia were prospectively 
included and compared to 20 healthy controls. The primary end-point 
was the need for MV during the stay. The concentrations of four bio-
markers were measured in the serum within the first 48  h following 
hospital admission: Krebs von den Lungen 6 (KL-6), soluble receptor 
for advanced glycation end-products (sRAGE), angiopoietin-2 (ANG-
2), and club cell protein 16 (CC-16). KL-6 was quantified by chemilu-
minescent enzyme immunoassay using the  Lumipulse® analyzer 
(Fujirebio, Tokyo, Japan) and the three other biomarkers using enzyme 
linked immunosorbent assays  (Quantikine® ELISA, R&D, Minneapo-
lis, USA). All measurements by ELISA were duplicated and averaged. 
Biomarkers concentrations were compared between three groups 
(controls, COVID-No MV and COVID-MV) using the Kruskal–Wallis test 
with Conover post-hoc comparisons. Receiver operating character-
istic (ROC) analysis was used to determine the area under the curve 
(AUC) of biomarkers to predict MV requirement and the best cut-off 
was determined using the Youden index method. Continuous data are 
presented as median and interquartile.
Results: COVID-19 patients were mostly male (76%), aged 63 [53,71] 
years, and 21 (39%) were obese. Eighteen COVID-19 patients (33%) 
received standard oxygen therapy in the ward while 36 (67%) required 
ICU admission. Among ICU patients, 13 (24%) received high flow oxygen 
therapy and 23 (43%) required MV. Four patients received extracorpor-
eal membrane oxygenation. Seven patients (13%) deceased. Compared 
to healthy controls, the concentrations of KL-6 and sRAGE were higher 
in both group of COVID-19 patients (Fig. 1). ANG-2 was higher in COVID-
MV than controls. CC-16 did not increase in COVID-19 patients. Among 
COVID-19 patients, those requiring MV had higher levels of KL-6, sRAGE 
and CC-16 compared to the others. Three biomarkers (sRAGE, CC-16 and 
KL-6) were predicting the need for MV but the sRAGE performed better 
with an AUC of 0.786 for a cut-off above 5449 pg/mL.
Discussion: This study is the first to compare the performance of four 
biomarkers. We observed similar range of KL-6 than  others1 but higher 
sRAGE levels in MV  patients2.
Conclusion: sRAGE, KL-6 and ANG-2 concentrations are increased in 
the serum of patients with COVID-19 pneumonia but sRAGE best pre-
dict the need for MV.
Reference 1: d’Alessandro, M et  al. Serum KL-6 Concentrations as 
a Novel Biomarker of Severe COVID-19. J Med Virol 2020, 92 (10), 
2216–2220.
Reference 2: Kapandji, N et al. Importance of Lung Epithelial Injury in 
COVID-19-Associated Acute Respiratory Distress Syndrome: Value of 
Plasma Soluble Receptor for Advanced Glycation End-Products. Am J 
Respir Crit Care Med 2021, 204 (3), 359–362.
Compliance with ethics regulations: Yes in clinical research.
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Biomarkers concentrations in the serum of healthy controls and COVID-
19 patients. A: Box blot of biomarkers levels among controls, COVID-
19 patients not requiring MV (COVID-No MV) and those requiring MV 
(COVID-MV). B: ROC curves to predict MV. * p < 0.05.
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Rationale: In patients with hypoxemic SARS-CoV-2 pneumonia, it 
becomes conventional that awake prone positioning (APP) under high 
nasal flow cannula (HNFC) improves oxygenation, reduces the need 
for mechanical ventilation (MV) and improve survival. And the earlier it 
was, the better outcome would be. But what about the optimum time 
to initiate APP in this kind of patients? Our aim was to determine the 
best time to initiate APP in hypoxemic SARS-CoV-2 pneumonia.
Patients and methods/Materials and methods: Prospective and 
analytical study including adult patients with acute hypoxemic con-
firmed SARS-CoV-2 pneumonia who received APP for at least one 
hour from HNFC administration. APP initiation times and all outcome 
parameters (primary: survival and secondary: MV use and ROX index) 
were recorded and compared. The optimum delay to initiate APP was 
determined by the ROC curve.
Results: We included 40 patients (31 male) with, a median age of 
57  years, median SOFA of 4, and median signs onset of 11  days. Of 
them, 32.5% were obese, 37.5% have hypertension, 32.5% were dia-
betic and 5% were fully vaccinated. The intubation and death rates 
were respectively 45% and 50%. The median time to initiate APP from 
HNFC was 7,5 h [0–48] with extremes at 0 and 192 H. The number of 
APP sessions per day was at 2 [1–3] for a median duration at 4 h [2–6]. 
The time of APP from HNFC was significantly lower in survivors (n = 20) 
versus non survivors (n = 20) (14 [6–18] versus 48 [20–72], p = 0,033 
respectively). Similarly, it was significantly lower in patients who 
not required MV (n = 22) (12.5 [4–14.75] versus 33 [18–72], p = 0.044 
respectively). The best cutoff of APP from HNFC we showed predic-
tor of survival was at 15  h with AUC/ROC = 0.725 ([0.563–0.887], 
p = 0.015), sensitivity at 65% and specificity at 85%. Initiating APP 
from HNFC within 15 h has less performance to predict the use of MV 
(AUC/ROC = 0.664 ([0.491–0.837], p = 0.07), sensitivity at 55.6% and 
specificity at 78%). Attached table displays the comparisons of the 
outcome’s variables according to the cutoff of APP from HNFC that 
we found (early: < 15H (n = 25) versus late: > 15H (n = 15)). In the early 
APP group, survival was significantly better and MV use was lower. MV 
duration and ICU stay tended to be lower in this same group with an 
average gain of 36 h.
Conclusion: In patients with hypoxemic SARS-CoV-2 pneumonia, 
the positioning on APP within 15  h of HNFC improved survival and 
reduced the need of MV.

Compliance with ethics regulations: Yes in clinical research.

Outcome’s variables between early versus late APP from HNFC
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Rationale: Since the early phases of COVID-19 pandemic, prone 
positioning of non-intubated patients has been broadly utilized for 
patients with acute hypoxemic respiratory failure (AHRF) related to 
COVID-19. This intervention showed improvement of oxygenation. 
But the results of randomized controlled studies (RCTs) about intuba-
tion and mortality are contradictory. We aimed to assess the efficacy 
and safety of awake prone positioning (APP) including in relevant 
subpopulations.
Patients and methods/Materials and methods: We conducted 
a systematic review and meta-analysis according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
recommendations. Two independent groups of investigators searched 
MEDLINE, Embase, PubMed, Web of Science, Scopus, MedRxiv, BioRxiv, 
Google Scholar, and ClinicalTrials.gov for eligible studies from January 



Page 158 of 167Annals of Intensive Care  2022, 12(Suppl 1):54

1st, 2020 to November 8th, 2021. RCTs comparing APP (intervention 
group) and supine position (control group) for non-intubated patients 
hospitalized for COVID-19 related AHRF were included. Random-
effects meta-analysis was used to pool individual studies. Observa-
tional studies of APP comprising a control group were also included as 
a sensitivity analysis. Primary outcome was reported need for intuba-
tion. Secondary outcomes included: reported all-cause mortality, need 
for escalating respiratory support, Intensive Care Unit (ICU) admission, 
ICU length of stay, hospital length of stay and safety outcomes.
Results: 29 studies were included, with 10 RCTs comprising 1,985 
patients and 19 non-RCTs totalizing 2,669 patients. In 10 RCTs, com-
pared to the supine position, APP significantly reduced the need 
for intubation in the overall population (risk ratio [RR] 0.84, 95% 
confidence interval [CI95] 0.72 to 0.97) (Fig.  2A). In the subgroup 
analysis, this significant reduction of intubation was observed in 
the studies with patients on advanced respiratory support (high-
flow nasal cannula or noninvasive ventilation) at enrolment (RR 
0.83, CI95 0.71 to 0.97), and those enrolled in ICU settings (RR 0.83, 
CI95 0.71 to 0.97) but not in patients receiving conventional oxy-
gen therapy or enrolled in general wards. APP did not significantly 
reduce mortality (RR 1.00, CI95 0.70 to 1.44) (Fig.  2B). APP did not 
demonstrate a benefit on need for escalation of respiratory sup-
port, ICU admission, ICU and hospital length of stay. No serious 
adverse events associated with APP (in particular, cardiac arrest) 
were reported.
Conclusion: This systematic review and meta-analysis found that 
in patients with COVID-19 related AHRF, APP reduced the need for 
intubation, particularly in those patients requiring advanced res-
piratory support at enrollment and in those enrolled in the ICU but 
did not demonstrate a benefit on mortality and others secondary 
outcomes.
Compliance with ethics regulations: Yes in clinical research.

Intubation and mortality for RCTs
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Rationale: During the COVID-19 pandemic, many more patients were 
turned prone than before, resulting in a considerable increase in work-
load. Whether extending duration of prone position may be beneficial 
has received little attention. We report here benefits and detriments 
of a strategy of extended prone positioning duration for COVID-19 
related acute respiratory distress syndrome (ARDS).
Patients and methods/Materials and methods: Retrospective, 
monocentric, study on intensive care unit patients with COVID-19 
related ARDS who have been treated with at least one session of prone 
positioning session of duration greater or equal to 24 h. When prone 
positioning sessions were initiated, patients were kept prone for a 
period that covered two nights. They were put back in the supine posi-
tion around 11 AM the morning following the second night. Demo-
graphic data, data regarding the incidence of pressure injury and 
ventilation parameters were collected retrospectively on medical and 
nurse files of charts.
Results: For the 81 patients included, the median duration of prone 
positioning sessions was 39  h (interquartile range (IQR) 34–42) and 
patients benefited from a median of 2 sessions (IQR 1–4). The cumu-
lated incidence of grade ≥ II pressure injuries was 26% (95%CI 17–37) 
and 2.5% (95% CI 0.3–8.8) for stages III/IV pressure injuries. This 
increased duration was associated with additional increase in oxygen-
ation after 16 h with the PaO2/FiO2 ratio increasing from 150 mmHg 
(IQR 121–196) at H + 16 to 162  mmHg (IQR 124–221) before being 
turned back to supine (p = 0.017) (Fig. 1). For 213 (94%) of prone posi-
tioning sessions, patients were turned over to supine position dur-
ing daytime, i.e. between 9 AM and 6 PM. In comparison, had prone 
positioning sessions lasted strictly for 16 h, half of them (n = 117, 52%) 
would have required a turning back to supine between 6 PM and 9 
AM, i.e. during night shifts.
Discussion: In an ancillary study of an international randomized trial 
evaluating prone positioning in ARDS, a cumulated incidence of 25% 
of patients presenting for the first time a pressure injury of stage ≥ II 
between day 1 and ICU discharge was reported (1). This is in line with 
our findings of a cumulated incidence of 26%.
Conclusion: Given the number of patients requiring prone position 
because of COVID-19-related ARDS, our results may have significant 
impact on both intensive care unit staffing and organizational issues, 
and could improve ventilatory parameters.
Reference 1: for the Proseva trial group, Girard R, Baboi L, Ayzac L, 
Richard J-C, Guérin C. The impact of patient positioning on pressure 
ulcers in patients with severe ARDS: results from a multicentre ran-
domised controlled trial on prone positioning. Intensive Care.
Compliance with ethics regulations: Yes in clinical research.
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Figure 1 Physiological parameter’s changes during proning sessions.
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Rationale: Prone position [PP] is a method that has been widely used 
in the management of severe ARDS in COVID19. The increase in intra-
abdominal pressure during the prone position can promote dysfunc-
tion of certain organs, particularly the kidney. The aim of our study was 
to assess the impact of prone position on renal function by analyzing 
the variations of intra-abdominal pressure.
Patients and methods/Materials and methods: A prospective study 
of 56 patients with critical COVID19 under mechanical ventilation over 
a period of 6 months [September 2020–March 2021]. PP was adopted 
in all our patients, with intravesical pressure [IVP] measurements 
before and during PP. In addition to the measurement of hourly diure-
sis, we performed the determination of renal aggression markers, urea 
and plasma creatinine levels before, during and after PP.
Results: The mean age was 61.8  years. A clear male predominance 
was observed. The prone position allowed an improvement of the 
patients` oxygenation after the first PP session and after 3 sessions. 
We detected an increase in IVP in the prone position, which exceeded 
12  mmHg and rose even higher to 60  mmHg or 68  mmHg in some 
patients. Renal aggression was observed in 32 patients from the first 
session of PP. 26 patients progressed to AKI, which represents 46.4% of 
our study population, with recourse to extrarenal epuration in 12 out 
of 26 patients. Univariate analysis allowed us to show that obesity [OR: 
1.24, Pvalue: 0.004], with a high abdominal perimeter [OR: 1.194, CI: 

1.19–31.674, Pvalue: 0.009], and critical parenchymal damage > 75% 
[OR: 3.203, CI: 1.049–9.811, Pvalue: 0.038] represent risk factors for pro-
gression to renal insufficiency. It was also shown that high intravesical 
pressure is significantly associated with renal failure [OR: 6.4, CI: 1.446–
44.64, Pvalue: 0.002].
Discussion: The kidney is the most sensitive organ to increased IAP 
and is the first organ affected in case of intra-abdominal pressure. 
However, to date, no study in the literature has concretely established 
predictive factors of the occurrence of acute renal failure in the patient 
placed in prone position, after a severe COVID19.
Conclusion: Our study allowed us to emphasize the value of prone 
positioning in the severe or critical Covid19 patient. However, the use 
of PP requires an understanding of the risks, including intra-abdominal 
pressure and the risk of renal failure.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The current standard of care of severe ARDS is based on 
low tidal volume (VT), at 6 mL/kg of predicted body weight, and a pos-
itive end expiratory pressure (PEEP). An alternative strategy could be 
the time-controlled adaptive ventilation (TCAV) strategy, i.e. a specific 
settings of airway pressure release ventilation (APRV) mode. Initially 
reported by Habashi et al., TCAV relies on delivering a CPAP phase, fol-
lowed by a brief expiratory release phase (1). TCAV leads to an increase 
in intra thoracic pressures and could be associated with hemodynamic 
impairment. The objective of our study was to compare hemodynam-
ics between TCAV and conventional protective ventilation in a porcine 
ARDS model.
Patients and methods/Materials and methods: In ten pigs (63–
73  kg) lung injury was induced by repeated saline lavages followed 
by 2 h of injurious ventilation. The animals were then randomized into 
two groups: 1) Volume-controlled ventilation (VCV) with a VT of 6 mL/
kg and PEEP adjusted to a plateau pressure of 28 to 30 cmH2O; 2) TCAV 
group with P-high set between 27–29  cmH2O, P-low at 0  cmH2O, T-low 
adjusted to terminate at 75% of the expiratory flow peak, and T-high at 
3–4 s for I:E > 6:1.
Results: There was no difference between-group for arterial blood 
pressure, pulmonary blood pressure or cardiac output. No significant 
left ventricular inotropic or relaxation alteration was noticed under 
TCAV versus VCV. Both elastance and  PaO2:FiO2 were consistent with a 
moderate to severe ARDS after a 2-h period of injuring ventilation. Lev-
els of total PEEP were significantly higher in TCAV group. Driving pres-
sure and elastance were significantly lower in the TCAV group than in 
VCV group in multivariate analysis.
Discussion: First, experimental ARDS induced significant hemody-
namic changes mainly driven by hypoxemia-induced pulmonary 
vasoconstriction. Secondly, TCAV did not significantly impact sys-
temic hemodynamics, despite of the increase in intrathoracic pres-
sures. Thirdly, TCAV increased alveolar recruitment in this ARDS model. 
Concerning limitations: the study might have been underpowered to 
assess a clinically relevant effect of TCAV on hemodynamics. Improve-
ment in elastance can be in relation with higher level of total PEEP 
and suggest alveolar recruitment but we did not perform any CT 
scan to verify this hypothesis. To finish, conventional protective group 
had a transpulmonary pressure above 15  cmH2O at all times of inter-
est which may also explained effect observed on hemodynamics 
parameters.
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Conclusion: No safety signal was observed for hemodynamic adverse 
events in the TCAV group in this double hit ARDS swine model.
Reference 1: Habashi NM. Other approaches to open-lung ventilation: 
airway pressure release ventilation. Crit Care Med. 2005;33:S228–S240. 
https:// doi. org/ 10. 1097/ 01. CCM. 00001 55920. 11893. 37
Compliance with ethics regulations: Yes in animal testing.

Table of ventilatory and hemodynamics parameters.
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Rationale: Optimizing alveolar recruitment by means of positive end-
expiratory pressure (PEEP) is the cornerstone of ARDS ventilation. PEEP 
exposes nevertheless to alveolar distension, which is harmful in these 
patients. Hence, the actual effects of PEEP depend on the recruit-
ment potential of the lung we should evaluate in every patient. Chen 
et  al. recently validated in non-Covid-19 ARDS an index (R/I) allow-
ing bedside assessment of the potential for alveolar recruitment (or 
overdistension).Objective: To characterize by R/I ratio the recruitment 
potential in an ARDS-Covid19 cohort.
Patients and methods/Materials and methods: a prospective study 
carried out between January and October 2021, including patients 
hospitalized consecutively for severe SDRA due to COVID-19  (PaO2/
FiO2 ≤ 150 mmHg). All patients received a lung-protective ventilation. 
The R/I ratio was measured in the supine position and in the prone 
position. The threshold proposed by Chen et al. (0.5) was used to iden-
tify high recruiters and low recruiters.
Results: 23 patients were included. The median age was 62 years IQR 
[52–65], most patients were male (Sex ratio (H/F) = 1.87). The main 
chest computed tomography findings were ground-glass opaci-
ties only 13 (56.5%) or associated with consolidation 9 (39.1%). High 
Recruiters had isolated ground glass in 72.7% of cases. Whereas, low 
recruiters had more ground glass associated with condensations in 
54.5%. All patients received a lung-protective ventilation. VT median 
was 380  ml [360–400], median PEEP and median Pplat were respec-
tively 14  cmH2O [10–15], 30  cmH2O [29–30]. The median R/I index was 
0.48 in supine and 0.65 in prone position. Eleven patients (47.8%) had 
recruitment potential (R/I ≥ 0.5) while 12 (52.2%) had non-recruiting 
lungs. Median plateau pressure was 30 (with extremes ranging from 
25 to 32cmH2O) and static compliance was 27.
Conclusion: This study confirms the high frequency of ARDS with low 
recruitment potential in C-ARDS. This characteristic imposes a “per-
sonalized” ventilation based on the individual pulmonary mechanics 
properties.

Compliance with ethics regulations: Yes in clinical research.
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Rationale: PV curves have allowed a better understanding of the 
pathophysiology of ARDS and remain a reference for evaluating the 
potential for alveolar recruitment. Chen and al recently validated an 
index (R/I) using the “Single breath maneuver” technique in ARDS. 
This index assesses the potential for alveolar recruitment (or infla-
tion) at the patient’s bedside. Both methods give an estimate of 
the magnitude of lung volume recruited. We conducted this study 
to compare estimated lung recruitment provided by these two 
methods.
Patients and methods/Materials and methods: Prospective study 
conducted in 26 patients with covid ARDS mechanically ventilated in 
prone position. Two PEEP levels were studied, and EELV was meas-
ured at both levels, with the difference (ΔEELV)) reflecting PEEP 
induced lung volume changes. Alveolar recruitment was measured 
using multiple pressure–volume (PV) curves (Extend respirator, 
Taema, France), and compared to the estimation made b the new 
index (R/I). High and Low recruiters were separated based on median 
estimated recruited lung volume  (Recestim). Estimated and measured 
recruitments were compared using Spearman correlation and Bland–
Altman method.
Results: The median age was 63 years IQR [52–66], with no difference 
between the groups. Median recruited lung volume (Rec mes) meas-
ured by the technique of P–V curves was 227  ml [IQR: 182–364]. By 
“Single breath maneuver” technique, the median volume recruited 
(Rec mes) was 410  ml [295–506]. The median index (R/I) in Low 
recruiters was 0.46 [0.33–0.71] vs 0.66 [0.57–0.89] in high recruiters. 
The ΔEELV and Recestim was higher in high recruiters than in low 
recruiters. Recruited volume measured by “Single breath maneuver” 
and the PV curves method were strongly correlated (biais = 79.95%CI: 
−  98.7; 211.8). The concordance of both methods is reported in the 
Fig. 1.
Conclusion: Bedside evaluation of lung recruitment can be performed 
by simple clinical tool such as single breath maneuver with acceptable 
bias.
Compliance with ethics regulations: Yes in clinical research.

Bland–Altman plot of Recruited volume measured by “Single breath 
maneuver” and the PV curves

https://doi.org/10.1097/01.CCM.0000155920.11893.37
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Rationale: Veno-venous Extra-Corporeal Membrane Oxygenation 
(vv-ECMO) has been extensively used for severe Acute Respiratory Dis-
tress Syndrome (ARDS) related to COVID-19 in case of prone position 
(PP) failure. A recent meta-analysis on observational studies suggests 
to continue PP while on vv-ECMO both in classical ARDS and COVID-
19 related ARDS (CARDS). PP could mitigate ventilator induced lung 
injuries even during low volume, low pressure ventilation facilitated 
by vv-ECMO. Objectives were to investigate respiratory mechanics 
and physiological effects of PP and to assess safety in severe CARDS 
patients during vv-ECMO.
Patients and methods/Materials and methods: We performed a 
prospective observational cohort study in COVID-19 patients sup-
ported by vv-ECMO in the ECMO center of a tertiary university hospital 
in Marseille. All patients were deeply sedated and received continu-
ous infusion of neuromuscular blockers during PP. We compared res-
piratory mechanics, ECMO and ventilator settings, gas exchanges and 
hemodynamics in supine, start of PP, end of PP and back to supine 
with analysis of variance.
Results: We included 25 patients with a range of 2 to 17 PP totalizing 
120 PP in the COVID-19 cohort. All patients had PP before ECMO con-
sideration. ECMO was indicated after a median (IQR) of 5 (1–7) days 
of mechanical ventilation with  PaO2:  FiO2 of 68 (50–74) mmHg. ECMO 
weaning was achieved in 72%. ICU and hospital survival was 52%. First 
PP was performed after 2 (1–3) days of ECMO during 16 h. At baseline, 
very low tidal volume of 2.5 (2–3.5) ml/kg/PBW with a PEEP of 12 (10–
15)  cmH2O targeting a plateau pressure of 25 (21–26) cm H2O were 
used. We did not find significant changes in respiratory mechanics and 
gas exchanges during or after first PP. In particular, respiratory system 
compliance remains low at 11 (10–17) before and 11 (9–17) cm H2O 
after PP.  PaO2 was respectively 75 (61–81), 78 (69–85), 77 (70–83) and 
77 (67–89) mmHg at baseline supine, start of PP, end of PP and back to 
supine, (p = 0.33) at a constant ECMO blood flow (3.8 to 4 L/min) and 
membrane lung fraction of 1. Concerning safety, we did not observe 
severe adverse events during PP. Only 3 (2.5%) of PP were interrupted 
for respiratory or hemodynamics worsening.
Conclusion: PP is feasible and safe during vv-ECMO for severe CARDS. 
Potentials benefits could be explained by mechanism not identified in 
this study.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: To evaluate the efficacy of high-flow nasal oxygen (HFNO) 
versus non-invasive ventilation in COVID-19.
Patients and methods/Materials and methods: This is a retrospec-
tive and comparative study conducted over a period of 10  months 
from March 2020 to December 2020 and involving 600 patients hos-
pitalized in the intensive care unit of the CHU Mohammed VI of Oujda 
for the management of acute respiratory failure caused by COVID-19.
Results: Out of 600 patients with acute respiratory failure, 265 patients 
were included in the analyses. 162 (61.10%) patients were treated with 
HFNO, the intubation rate was 49.7% (80 patients out of 162) of which 
63 died intubated (78.8%). Concerning the 82 non-intubated patients, 
only 16 died (19.8%). The total number of patients who received NIV 
was 71 (26.8%), 33 (46.5%) required mechanical ventilation. In-hospital 
mortality in patients treated with NIV was 100%. The difference in mor-
tality outcome between the two groups was significantly (P < 0.0001) 
reduced in HFNO.
Conclusion: Treatment with high-flow oxygen improved survival in 
patients with acute hypoxemic respiratory failure compared with non-
invasive ventilation, although no difference was observed in intuba-
tion rate.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: HFNC in widely used as a first line respiratory support in 
severe to critical COVID-19 pneumonia. We aimed to investigate fac-
tors associated with failure of HFNC in the management of COVID19 
related ARDS (CARDS).
Patients and methods/Materials and methods: In this single-center 
study conducted in a 20-bed adult-ICU, consecutive admission for 
CARDS were screened for eligibility. Patients who underwent inva-
sive mechanical ventilation (IMV) within 6  h upon admission were 
excluded. We collected clinical data and lab findings from admission 
until HFNC weaning or intubation which defined HFNC failure. ROX 
index was recorded at H0, H2, H6, H12 and H24. We also measured PF 
ratio evolution, monitored  FiO2 and respiratory rate (RR). High work of 
breathing (HWOB) was defined as a respiratory rate (RR) above 30 cpm 
and/or excessive accessory muscle use.
Results: 230 patients were included until August 2021. 61.5% (n = 141) 
men, median aged 62 years [IQR 53–70] with SAPS-II at 28 ± 8, PF ratio 
132 ± 63.8 under  FiO2 0.72 ± 0.23 on admission. 42% had hyperten-
sion, 41.3% diabetes and 32.2% obesity. 55.2% (n = 127) successfully 
weaned from HFNC with a survival rate at 18% among those ongoing 
IMV. HFNC failure was associated to: higher SAPS II (32 ± 7.4 vs 24.7 ± 7, 
p < 0.001) obesity (47% vs 27%, p = 0.001) and compromised oxygena-
tion parameters on admission: high  FiO2 (0.84 ± 0.17 vs 0.6 ± 0.21), RR 
(29.7 ± 4.6 vs 25.6 ± 3.7, p = 0.001), presence of HWOB (67% versus 
17%, p < 0.001) and lower PF-ratio (101 ± 48.6 vs 157.5 ± 64.2, p < 0.001). 
Sub-group analysis following PF-ratio showed higher success rate in 
mild-to-moderate compared to severe ARDS (85.7%, 65.2% and 27.6% 
respectively, p = 0.001). ROX-index was significant at H6, H12 and H24 to 
predict HFNC failure. ROC analysis showed a higher specificity and sen-
sitivity for H12 and H24 (AUC 0.906 IC 95% [0,864–0.948] and 0.944 IC 
95% [0,908–0.981] respectively, p < 0.001) [Fig. 1]. Thirty percent (n = 69) 
required non-invasive positive pressure ventilation at day 2.1 ± 1.3 alter-
nating with HFNC and had higher failure rate (88.4% vs 26.1%, p < 0.001). 
Eighty seven percent (n = 200) performed prone position while under 
HFNC with a higher associated success rate (58% vs 33%, p = 0.01).
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Conclusion: HFNC appears to be safer in mild-to-moderate CARDS 
especially when combined to prone position. ROX index, PF-ratio and 
WOB monitoring are reliable predictors for HFNC failure. More studies 
might be needed to confirm these results.
Compliance with ethics regulations: Yes in clinical research.

ROC curves and AUC of ROC index measurement for prediction of HFNC 
failure
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Rationale: Noninvasive respiratory support (NIRS) is recommended 
as the first line to reduce the need of invasive mechanical ventilation 
(MV) and its associated complications and high mortality in patients 
affected by Covid-19 pneumonia admitted in the intensive care unit 
(ICU). However, the optimal first-line noninvasive strategy to support 
oxygenation and ventilation is still debated.
Patients and methods/Materials and methods: We conducted a 
retrospective multicenter study in 7 French ICUs, including all consec-
utive adults admitted between July and December 2020 with a docu-
mented SARS-CoV-2 acute respiratory failure  (PaO2/FiO2 < 300 mmHg), 
and treated either with high-flow nasal therapy (HFNT) alone, or non-
invasive ventilation (NIV) combined or not with HFNT or continuous 
positive airway pressure combined or not with HFNT (CPAP). Patients 
who received both NIV and CPAP and those who were intubated 
within the 12 first hours after ICU admission were excluded. The pri-
mary outcome was the NIRS failure, defined as the need of endotra-
cheal intubation or death in the ICU without endotracheal intubation.
Results: Among the 355 included patients, 160 (45%) were treated 
with HFNT alone, 115 (32%) with NIV and 80 (22%) with CPAP. NIV and 
CPAP were combined with HFNT in 97 (84%), and 79 (99%) patients, 
respectively. Median age (67 [58–75] years), body mass index (29 
[25–33] kg/m2), SAPS-2 (42 [32–57]) and  PaO2/FiO2 (130 [93–167]) on 

admission were similar between groups whereas Charlson comorbid-
ity index was lower when HFNT was used alone compared to NIV and 
CPAP. The primary outcome occurred in 158 (45%) patients with a sta-
tistical difference between HFNT alone, NIV, and CPAP groups (41%, 
59%, and 31%, respectively; p < 0.001). Compared to patients who 
were treated with HFNT alone or NIV, those who were treated with 
CPAP had a lower incidence of the primary outcome on day 28 after 
ICU admission (p = 0.002) whereas ICU mortality was similar between 
groups (p = 0.20).
Conclusion: Among patients admitted for Covid-19 pneumonia in ICU 
and treated with NIRS, outcome seems to differ according to the strat-
egy. More studies are warranted to compare such NIRS and identify 
the optimal treatment.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Use of continuous positive airway pressure (CPAP) has 
been recommended in the management of patients with acute res-
piratory failure related to COVID-19 infection. However, its impact on 
mortality, length of hospital stay and the occurrence of complications 
have not been elucidated especially when delivered outside of a tra-
ditional critical care environment. Through this study, we propose to 
investigate the role of CPAP in the management of hypoxemic pneu-
monia due to SARS-CoV-2 in a pneumology department.
Patients and methods/Materials and methods: We reviewed ret-
rospectively all data of consecutive confirmed COVID-19 patients 
receiving CPAP for the treatment of respiratory failure secondary to 
COVID-19. Patients admitted from 1st June to 31th August 2021 on the 
pneumology department of the regional hospital of Zaghouan, Tunisia 
were enrolled. Epidemiological, clinical and paraclinical data, compli-
cations and outcome were collected.
Results: During the study period, 205 patients were hospitalized, 65 of 
them required CPAP (31.7%). Median age was 64 years [34–87]. A clear 
male predominance was noted with sex ratio1.5. Chronic heart disease, 
obesity, Diabetes mellitus, and chronic obstructive pulmonary disease 
were the most common comorbidities (55.4%; 38.5%, 27.7% and 10% 
respectively). Tobacco consumption was noted in 20% of patients. On 
admission, all patients had acute respiratory failure. Initial symptoms 
are essentially fever, nonproductive cough, dyspnea and gastroin-
testinal symptoms. The median time of symptoms at admission was 
8.2 ± 3.6 days [1–20]. On initial examination, pulse air saturation ranged 
was 83.5 ± 8% [57–93] and oxygen requirements were 12 ± 6  L/min 
[6–30]. Four patients (6.2%) presented with acute hypertensive heart 
failure, requiring diuretic therapy. The predominant pattern of abnormal-
ity observed in chest CT was ground-glass opacification in 55 patients 
(84.6%), bilateral opacities in 27 patients (41.5%) and crazy paving in 17 
patients (26.2%). Mean lung extension was estimated at 58 ± 20%. Mean 
duration of CPAP ventilation was 4 ± 3.2  days [1–18]. It was associated 
to high flow oxygen therapy in 43 patients and to conventional oxygen 
therapy in 22 patients. Awake prone position was applied in 39% of 
patients. Only one patient had developed care-related pneumonia. Mean 
length of hospital stay was 7.2 ± 4.8 days [1–21]. In hospital mortality was 
32%. The outcome was favorable in 58 patients (66%).
Conclusion: CPAP represents a feasible and potentially efficient 
option for the treatment of respiratory failure in COVID-19. It can be 
delivered safely outside the traditional critical care, thus relieving pres-
sure on critical care beds.
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Compliance with ethics regulations: Yes in clinical research.
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Rationale: High-Flow Nasal Cannula (HFNC) therapy appears to be 
effective to treat hypoxemic acute respiratory failure (ARF) patients 
during the outbreak of Coronavirus disease (COVID-19). However, 
there are few data about factors associated with HFNC failure in 
COVID-19 patients. Aim: To determine predictive factors associated 
with HNFC failure in COVID-19 patients admitted in medical intensive 
care unit (ICU) for ARF.
Patients and methods/Materials and methods: A 1  year obser-
vational, retrospective study performed from January 1st, 2021 to 
December 31st, 2021 in a 9-bed medical ICU at university hospital 
including adult patients admitted for hypoxemic ARF pneumonia 
secondary to SARS-CoV-2 and received HFNC on admission. Medi-
cal patients’ charts were reviewed to collect demographic character-
istics, underling diseases, severity at admission, clinical course and 
outcomes. Univariate and multivariate analysis were used to identify 
predictive factors associated with HFNC failure. HFNC failure was 
defined as mechanical ventilation (invasive or noninvasive) use.
Results: From 146 patients admitted for severe COVID-19 pneumo-
nia, 128 (87.7%) received HFNC. Main characteristics were mean age, 
51.05 ± 14.8 years; male predominance, 75 (58.6%) and 100 (78.1%) 
had at least one comorbidity. Median BMI and P/F ratio were: 31 
[28–32]kg/m2 and 92.75 [69–118.5]. Median SAPS II, SOFA and Charl-
son score were respectively: 23 [16–29]; 2 [2–4] and 1 [0–2]. HFNC 
parameters were median Flow at 52.5 [45–60]l/min and median 
FiO2 at 90 [70–100] %. The median ROX index at H1 and H24 were 
respectively at 4.26 [3.3–5.9] and 6.2 [4.5–8.4]. Awake prone posi-
tion was performed in 105 (82%) of cases. HFNC failed in 43 (33.6%) 
patients, among them 32 (25%) were initially managed with non-
invasive ventilation (NIV) with mortality rate at 35.2%. Univariate 
analysis identified the following factors for HNFC success and fail-
ure: elderly patient (7(8.2%) vs 17(39.5%), p = 0.000); cardiovas-
cular comorbidity (7(8.2%) vs 9(20.9%), p = 0.04); Charlson index 
(0.5 [0–1] vs 2 [1–3], p = 0.000; SAPSII (19 [13–24] vs 29 [24–34.25], 
p = 0.000); SOFA (2 [1–4] vs 4 [2–8.5], p = 0.000); prone position 
(71(83.5%) vs 29(67.4%), p = 0.038); ROX index at H1(5 [3.8–6.04] vs 
3.45 [3–4.57], p = 0.000); ROX index at H24 (7.73 [5.75–9.05] vs 4.2 
[3.8–5.6], p = 0.000) and ROX index at day 6 (9.6 ± 3.5 vs 4.5 ± 1.4, 
p = 0.000). The multivariate logistic regression model identified ROX 
index at day 6 (OR, 0.3; 95% CI, [0.14–0.67]; p = 0.03) as a predictor 
factor of HFNC success.
Conclusion: ROX index at day 6 was the best predictor of HFNC failure 
in COVID-19 patients with hypoxemic AFR admitted in ICU.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Non-invasive ventilation (NIV) was recommended for acute 
respiratory distress syndrome. A potential role for NIV to delay or avoid 
invasive mechanical ventilation (IMV) has emerged during the COVID-
19 pandemic. The aim of this study was to explore the role of non-
invasive ventilation in prediction of outcome in critically ill COVID-19 
patients.
Patients and methods/Materials and methods: We conducted a 
retrospective study in a medical ICU over a period of 16 months [Sep-
tember 2020–December 2021] including patients with SARS-COV2 
infection. The impact of non-invasive ventilation on complications and 
patient outcome was investigated.
Results: During the study period, 586 patients were included with a 
mean age of 59.5 ± 14.7  years and a gender ratio of 1.6. The median 
SAPSII and SOFA score were respectively of 29 ± 14.8 and 4 ± 2.6. Most 
patients had comorbidities, including hypertension (36%), obesity 
(32.1%) and diabetes (36.2%). 419 (71.5%) patients had severe acute 
respiratory distress syndrome (ARDS). Median ICU length of stay was 
6 (IQR [3–10]) days and overall mortality was of 49% (287 patients). 
378 patients (64.5%) needed NIV oxygenation. Of those who received 
NIV, 214 (57%) required IMV versus 50 (24%) of those not. Patients who 
received NIV developed more infections during their hospitalizations 
than those in the No-NIV group (220 (58%) vs 44 (21%); p < 0.001). 
Mortality was higher in patients receiving NIV (238 (63%) vs 49 (23%), 
P < 0.001). Length of stay was significantly longer in NIV group (Table I).
Conclusion: The use of NIV can predict morbidity and mortality in crit-
ically ill COVID-19 patients.
Compliance with ethics regulations: Yes in clinical research.

Table 1: Outcome comparison according to non-invasive ventilation.
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Rationale: Respiratory support for patients suffering for COVID-19 
pneumonia in intensive care unit (ICU) is mandatory. During the first 
months of the outbreak, clinical trials have demonstrated that many 
oxygen strategies could delay intubation. However the outcomes 
between early and late intubation were not established in this particu-
lar kind of pneumonia.
Patients and methods/Materials and methods: We conducted a ret-
rospective observational monocentric study in a French ICU including 
all consecutive adults with a documented SARS-CoV-2 acute respira-
tory failure  (PaO2/FiO2 < 300 mmHg). Two periods were compared: the 
first included all patient admitted between February 2020 and June 
2020, and an early intubation strategy was applied; the second period 
included all patients admitted between August 2020 and December 
2020, and a non-invasive respiratory support strategy, using High-flow 
nasal canula, continuous positive airway pressure (CPAP), awake prone 
positioning and late intubation was applied. The primary outcome was 
the ICU length of stay. The secondary outcomes were complications, 
rate and duration of invasive ventilation and mortality in ICU.
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Results: 47 patients were included in the first period and 96 in the 
second period. First period was associated with a longer ICU stay 
compared to the second period (11.00 [8.25–19.50] days versus 8.00 
[4.75–14.25] days; p = 0,028). First period was associated with longer 
duration of respiratory support and higher intubation rate compared 
to the second (9 [9–16] days versus 7 [3–14] days; p = 0.338; 68% ver-
sus 25%; p < 0,001, respectively). The first period was associated with 
more complications such as hypotension, tracheotomy, critical illness 
neuromyopathy, ventilator associated pneumonia and thromboem-
bolic complications whereas barotrauma and venovenous extracor-
poreal membrane oxygenation were no different between periods. 
ICU mortality was similar between periods (p = 0.814).
Conclusion: In this study, non-invasive respiratory support strategy 
with late intubation is associated with a shorter length of stay for 
critically ill patient with COVID-19 compared to an early intubation 
strategy. A non-invasive strategy would allow a better resource man-
agement of the healthcare system during the outbreak. Other studies 
are warranted to evaluate the impact on the long-term mortality.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Since the PROSEVA study in 2013, prone positioning (PP) 
is a postural maneuver recommended early in the management of 
acute respiratory distress syndrome (ARDS) in patients who remain 
hypoxic on mechanical ventilation. With the increase in the incidence 
of ARDS over the last 2 years in relation to the COVID-19 pandemic, PP 
has been attempted in non-intubated patients to improve oxygena-
tion. Several studies have been carried out in non-intubated patients 
admitted to an intensive care unit for the management of ARDS. We 
proposed to compare the effect of different oxygenation interfaces 
during PP wakefulness.
Patients and methods/Materials and methods: Between March and 
May 2021, 117 adult patients were admitted to the medical intensive 
care unit of MAMI hospital for severe to critical COVID-19. Among 
them, 56 patients underwent at least one PP session. During the first 
24  h, PP sessions of at least 30  min were performed with change of 
oxygenation interface each time ranging from a non-rebreather mask 
(NRB) to a high flow nasal canula (HFNC) then to non-invasive ventila-
tion (NIV) last. Blood gas was performed before and 20 min after each 
session under the same oxygenation parameters. The response to PP 
was defined by an increase in the  PaO2/FiO2 ratio of 20%.
Results: Fifty-six patients had a PP session. They were male in 56.9% 
of cases with a mean age of 55  years and mean BMI of 28.06 kg/m2. 
At admission, they had severe ARDS in 46.4% and mild in 42.9%. PP 
session was performed in conventional oxygen therapy in fifty-one 
patients. The difference in  PaO2/FiO2 ratio before and after the session 
was on average 14 mmHg [− 96, 138 mmHg] with no statistically sig-
nificant difference (p = 0.09). The response to PP was heterogeneous, 
with 25.5% (n = 13) responders. Under HFNC, the mean delta  PaO2/
FiO2 was 5.6  mmHg (−  67, 125  mmHg) for all 32 patients, 21 were 
responders (65%). PP under NIV was tolerated by only 41 patients who 
had a mean  PaO2/FiO2 response of 17.6  mmHg (−  120, 197  mmHg) 
with no statistically significant difference (p = 0.07). Eighteen of them 
(43.9%) were responders. In contrast to NIV, the PP response under 
NRB decreased the need for oro-tracheal intubation (p = 0.03). PP sig-
nificantly improved survival of patients under NRB and HFNC (p = 0.04 
for NRB and p = 0.03 for HFNC).
Conclusion: Although the benefice of PP in intubated patient is dem-
onstrated, awake PP needs more evidence by conducting more pro-
spective multicentric studies with prolonged proning sessions.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The emergence of the novel Covid-19 has caused millions 
of deaths worldwide. This study aimed to identify factors that are asso-
ciated with mortality in hospitalized Covid-19 patients.
Patients and methods/Materials and methods: This was a retrospec-
tive, observational cohort study conducted on adult patients hospital-
ized in intensive care unit with confirmed Covid-19 infection, between 
January 2021 and September 2021. Demographics, clinical pattern, 
laboratory and radiological investigations associated with increased 
rate of mortality were analyzed.
Results: Of the 140 patients included, mortality rate was 70.3%. Main 
factors associated with mortality among our cohort were age over 
60  years (p < 0.001), history of hypertension (p = 0.001) and chronic 
kidney failure (p = 0.04). Also, elevated inflammatory markers and 
severity scores were associated with higher mortality. Patients placed 
on mechanical ventilation and those who had nosocomial infections 
had an increased rate of mortality (p < 0.001 and p = 0.01 respectively). 
Greater lung involvement and obesity were not associated with higher 
mortality in our study.
Conclusion: In our study several factors were associated with mor-
tality as advanced age, hypertension, chronic kidney failure, elevated 
inflammatory markers and severity scores, mechanical ventilation and 
nosocomial infections.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: A large proportion of critically ill patients admitted for 
severe coronavirus disease 2019 (COVID-19) receive empirical antimi-
crobial treatment upon admission. Recent studies have reported a low 
rate (< 10%) of early bacterial co-infection among patients with severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pneumonia, 
and significantly lower compared to patients with influenza pneu-
monia (1). We aimed to determine the performance of procalcitonin 
(PCT) to diagnose early bacterial pulmonary co-infection within 48 h 
after intubation in critically ill patients with SARS-CoV-2 or influenza 
pneumonia.
Patients and methods/Materials and methods: We performed a 
post hoc analysis of data from the multicenter retrospective coVAPid 
cohort study. Adult patients receiving invasive mechanical ventila-
tion for at least 48 h for SARS-CoV-2 (first wave in Europe) or influenza 
pneumonia (2016–2020 admissions), and with at least one PCT meas-
urement within 48 h after intubation were considered for the present 
analysis. Bacterial pulmonary co-infection was defined by bacterial 
isolation, within 48 h after intubation, in endotracheal aspirates, bron-
choalveolar lavage, or blood cultures, or a positive pneumococcal or 
legionella urinary antigen test. We assessed the performance of PCT to 
diagnose co-infection using a receiver operating characteristic (ROC) 
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curve analysis, and the association of PCT with patient’s co-infection 
status and 28-day mortality after pre-specified adjustment (age, sex, 
IGS2, and disease group) using a multivariable logistic regression 
model.
Results: 615 patients were included (349 in SARS-CoV-2, and 266 
in influenza groups). The area under the ROC curve (AUC) was 0.60 
(95%CI 0.48 to 0.71) and 0.66 (95%CI 0.58 to 0.73) for the diagnosis 
of co-infection in SARS-CoV-2 and influenza groups, respectively. PCT 
was significantly associated with co-infection in patients with influ-
enza pneumonia (adjusted odds ratio (OR) per log increase in level of 
PCT 1.29 (95%CI 1.13 to 1.48)), but not in patients with SARS-CoV-2 
pneumonia (adjusted OR 1.26 (95%CI 0.98 to 1.61)) (Fig. 1). Conversely, 
adjusted OR for 28-day mortality per log increase of PCT was 1.03 
(95%CI 0.89 to 1.19) and 1.41 (95%CI 1.16 to 1.71) in influenza and 
SARS-CoV-2 groups respectively, suggesting that PCT was a better 
indicator of disease severity than co-infection among severe COVID-19 
patients.
Conclusion: We reported a low diagnostic value of PCT to detect bac-
terial co-infection within 48 h after intubation in patients with severe 
SARS-CoV-2 or influenza pneumonia. PCT level was significantly asso-
ciated with 28-day mortality among severe COVID-19 patients.
Reference 1: Rouze A, Martin-Loeches I, Povoa P et al. coVAPid study 
group. Early bacterial identification among intubated patients with 
COVID-19 or influenza pneumonia: a European multicenter compara-
tive cohort study. Am J Respir Crit Care Med. 2021 May 26;204(5):546.
Compliance with ethics regulations: Yes in clinical research.

Figure 1 Unadjusted and Pre-specified Adjusted Odds Ratio of Co-infection 
and 28-day mortality per log increase in highest level of procalcitonin
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Rationale: Severe COVID-19 has become a major worldwide health 
concern since its appearance at the end of 2019 in China. Commonali-
ties have been suggested with seasonal influenza. Our objective was 
to evaluate the intrinsic mortality and burden of SARS-CoV-2 and sea-
sonal influenza pneumonia in intensive care units (ICU) in a university 
hospital in a major city in France.
Patients and methods/Materials and methods: We conducted a ret-
rospective study in six ICUs in a single institution. Consecutive patients 
admitted to an ICU with SARS-CoV-2 pneumonia from February 27 to 
April 4, 2020 (COVID-19 group) and seasonal influenza pneumonia 
from November 1, 2015 to April 30, 2019 (INFLUENZA group) were 
screened. A total of 350 patients were included in the COVID-19 group 
(18 refused to consent) and 325 in the INFLUENZA group (1 refused 
to consent). Diagnosis was confirmed by RT-PCR. Follow-up was com-
pleted on April 1, 2021. We collected demographic characteristics, 
comorbidities, long-term medications at ICU admission, and evaluated 

difference in 90-day adjusted-mortality between the COVID-19 and 
INFLUENZA group using a multivariable Cox proportional hazards 
model.
Results: COVID-19 patients were younger, mostly men, and had a 
higher median BMI, and comorbidities, including immunosuppressive 
condition or respiratory history were less frequent. In univariate analy-
sis, no significant differences were observed between the 2 groups 
regarding in-ICU mortality, 30, 60 and 90-day mortality. After Cox mod-
elling adjusted on age, sex, BMI, cancer, sepsis-related organ failure 
assessment (SOFA) score, simplified acute physiology (SAPS II) score, 
chronic obstructive pulmonary disease and myocardial infarction, the 
probability of death associated with COVID-19 was significantly higher 
in comparison to seasonal influenza (HR 1.57, CI95% [1.14; 2.17]; 
p = 0.006). The clinical course and morbidity profile of both groups 
was markedly different; COVID-19 patients had less severe illness at 
admission (SAPS II score, 37 [28–48] vs. 48 [39–61], p < 0.001, and SOFA 
score, 4 [2–8] vs. 8 [5–11], p < 0.001), but the disease was more severe 
considering ICU length of stay, duration of mechanical ventilation, 
PEEP level, and prone positioning requirement.
Conclusion: After ICU admission, COVID-19 was associated with an 
increased risk of death compared to seasonal influenza. Patient char-
acteristics, clinical course, and morbidity profile of these diseases is 
markedly different. Patients with seasonal influenza die because of 
their comorbidities while COVID-19 patients die because of COVID-19 
pneumonia.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: Physiological changes during pregnancy have a significant 
impact on the immune system, respiratory system, cardiovascular 
function, and coagulation. The impact of SARS-CoV-2 in pregnancy 
remains to be determined. Our study aim to describe the character-
istics of COVID19 infections in per partum patients before vaccine 
authorization.
Patients and methods/Materials and methods: A retrospective and 
descriptive study of 9 months duration carried out in the COVID inten-
sive care unit including all per partum patients with COVID 19 pneu-
monia between March 2021 and September, 2021. All pregnant or 
immediate postpartum women hospitalized for SARS-CoV2 infection 
were included. Demographic, clinical, biologic, radiographic, thera-
peutic and outcomes data were collected. The primary endpoint was 
maternal mortality. Two groups were identified: Group 1 = Survivors 
and Group 2 = Deceased. The differences in data of the patients were 
evaluated.
Results: During the study period, we collected 17 patients. The inci-
dence of COVID19 infection in per partum patients was 5% in our 
series. All patients were admitted postpartum (75% by caesarean 
section). The median age was 31(25–38) years. The comorbidities 
were chronic respiratory deficient (3 patients) and hypothyroidism 
(3). The mean BMI was 28 ± 3  kg/m2. All patients were unvaccinated. 
Seven were multiparous. The mean gestational age was 27 ± 6 weeks 
of amenorrhea. The mean PaO2/FiO2 ratio at admission was 
98 ± 35  mmHg. All patients admitted to the ICU were in respiratory 
distress. Severe ARDS was observed in 11 patients (64%). 47% patients 
received high-flow nasal oxygen therapy and one patient was under 
mechanical ventilation at admission. Chest CT scans were performed 
in 15 patients (88.2%). An involvement highest of 50% was observed 
in 13 patients (76.4%). All patients received anticoagulation and corti-
costeroid therapy. Invasive mechanical ventilation (IMV) was required 
in 5 cases. 5 patients (29.4%) needed the use of vasoactive amines. The 
occurrence of nosocomial infection was found in 7 patients, 2 patients 
were developed acute kidney injury and one required hemodialy-
sis, 6 patients presented a thromboembolic event. Tocilizumab was 
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prescribed for 2 patients and one patient was discharged for ECMO. 
The median length of hospitalization was 9 ± 7 days and the mortality 
rate was 46.3%. Univariate analysis of the 2 groups showed that use 
of IMV (G1: 5 (100%) vs. G2: 0 (0%); p = 0.001) and nosocomial infec-
tion (G1: 4 (80%) vs. G2: 0 (0%); p = 0.01) were associated with excess 
mortality.
Conclusion: Currently data didn’t show significant relationship 
between COVID-19 severity and pregnancy and there is no strong evi-
dence that covid-19 lead to adverse pregnancy outcome, but further 
studies are needed.
Compliance with ethics regulations: Yes in clinical research.
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Pregnant women and COVID 19 in intensive care: series of 18 
cases
BOUSBIA  Soulef1, DJEBBARI  Abdelkader1, KRABA  Rachid1, BENHAMED 
Mohamed  Amine1
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Rationale: In pregnant women, the symptoms of COVID-19 are simi-
lar to those of the general population in most cases. That said, like any 
population at risk, more serious symptoms may appear such as pneu-
monia or ARDS. The objective is to define the clinical, biological and 
therapeutic characteristics as well as the management of a series of 
pregnant women with COVID-19.
Patients and methods/Materials and methods: This is a retrospec-
tive and descriptive study which collected 18 pregnant patients 
affected by the Coronavirus SARS-CoV-2 in the intensive care unit 
between July 20 and September 15, 2021 We included parturient 
requiring a high flow of polypneic oxygen at 30 cycles/min with an 
 SPO2 < 92% and the parturient without sign of respiratory distress 
were excluded.
Results: The average age is 31 years old. Six patients were followed for 
a chronic disease. Gestational diabetes was the most common comor-
bidity. Contact with a suspected or confirmed case of COVID-19 was 
identified in 10 patients. The average incubation period for the virus 
was 6.89  days. The average term of pregnancy was 33.36  weeks of 
amenorrhea. The preferred way of delivery was caesarean section. The 
most frequently reported symptoms were fever in all patients, dysp-
nea in all patients. 16 patients were taken care of in medical intensive 
care for an array of acute respiratory distress syndrome (ARDS) after 
cesarean section. Four patients were put on nasal high-flow oxygen 
therapywith recourse to mechanical ventilation after 48  h. In the 
14 other cases, mechanical ventilation was indicated after the cae-
sarean section. Symptomatic treatment and antibiotic therapy had 
been started upon admission in all the patients. Five patients were 
intubated 12  days, 5 patients died of massive pulmonary embolism, 
5 of the patients died of pulmonary superinfection, 4 patients died of 
severe hypoxia.
Conclusion: This is a global pandemic with high mortality worldwide. 
Published studies on SARS-COV-19 infection during pregnancy are 
few; they are no more at risk of being infected with the coronavirus, 
but the disease can have significant consequences on the course of 
their pregnancy. They are also more prone to severe forms of Covid-19.
Compliance with ethics regulations: N/A.
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Rationale: Pregnant women, a vulnerable population, have not been 
spared from the COVID-19 pandemic. In the absence of vaccination, 

severe forms and acute respiratory distress syndromes (ARDS) have 
been reported.
Patients and methods/Materials and methods: We reviewed all data 
of confirmed COVID-19 pregnant patients hospitalized in our Hospital 
ICU and in gynecology’s department between September 2020 and 
September 2021 for the management of acute pneumopathy due to 
Sars-Cov-2. Infection was confirmed by RT-PCR, rapid test, or chest CT 
scan. Epidemiological, clinical, biologic and radiographicl data and 
outcomes were collected.
Results: Thirty-six patients were included with a mean age of 
33 ± 5  years and a mean term of pregnancy of 34 ± 4  weeks. The 
median consultation time after the onset of symptoms was 3.5  days 
[1;7] and the median hospital stay was 4  days [1;7]. Among 36 preg-
nant women, no one of the patients was vaccinated against SARS-
Cov-2. Eleven patients (34%) were hospitalized in the ICU. Symptoms 
were dominated by respiratory signs, cough and dyspnea, respectively 
21 (65%) and 15 (47%) patients. The different ventilatory supports 
were: single oxygen therapy (50%), high concentration mask (34%), 
high flow oxygen therapy (12.5%), and invasive ventilation (16%). 
Predictive factors for hospitalization in ICU were: dyspnea [p < 10–3 
RR = 5.25 95% CI [2.174; 12.679]], oxygen uptake [p = 0.01 RR = 3.81 
95% CI [1.737; 8.393]], delay before consultation > 4.5 days [p = 0.021 
RR = 3.897 95% CI [1.267; 11,991]] and a period of hospitalization 
before admission in ICU > 5.5 days [p = 0.002 RR = 6.33 95% CI [1.608; 
24.939]]. Among the six patients who had invasive ventilation, trache-
otomy was practiced at three patients (27%). The ICU stay was com-
plicated by septic shock in 4 patients (36%) and a thromboembolic 
disease in 4 patients (36%). The median length of ICU stay was 11 
[5.54] days. The ICU mortality was high around 18% against an overall 
mortality of 6%.
Conclusion: Mortality was significant in our study: 34% of patients 
required hospitalization in ICU with an overall mortality of 6%.
Compliance with ethics regulations: Yes in clinical research.
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Rationale: The rate of SARS-CoV2 bacterial coinfection is poorly 
defined. The decision to administer antibiotics early in the course of 
SARS-CoV2 infection depends on the likelihood of bacterial coin-
fection. The purpose of this study was to examine the prevalence of 
SARS-COV2 bacterial co-infection on admission and to investigate the 
impact on outcome.
Patients and methods/Materials and methods: This was a retrospec-
tive study carried within a medical intensive care unit in Abderrahmen 
Mami Hospital between March 2020 and August 2021. All consecutive 
patients admitted for severe COVID-19 were enrolled. Bacterial co-
infection was systematically investigated on intensive care unit (ICU) 
admission. A comparative study was conducted between the coinfec-
tion group and a matched non-coinfection group based on age, body 
mass index, severity scores and PaO2/FiO2 ratio on admission.
Results: During the study period, 544 patients were hospitalized 
in the intensive care unit for severe COVID-19. Fifty-four per cent of 
patients received antibiotics before ICU admission (n = 292) includ-
ing amoxicillin–clavulanic acid association (n = 85), azithromycine 
(n = 129) and levofloxacine (n = 29). Only 49 patients showed bacterial 
coinfection on admission (9%). Most involved pathogens were: entero-
bacteriaceae (Klebsiella n = 15, Enterobacter cloacae n = 2, Serratia 
marcescens n = 2), Staphylococcus aureus methicilline sensitive (n = 5) 
and non-fermentative Gram-negative bacilli such as Pseudomonas 
aeruginosa (n = 6). Twenty-one patients with bacterial coinfection 
received antibiotics prior to the ICU admission (43%). No statistical dif-
ference was found in the univariate analysis comparing the coinfection 
group and the matched non-coinfection group. Only SGOT and SGPT 
levels were significatively higher in the coinfection group (p = 0,05 and 
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p = 0,03 respectively). Need for mechanical ventilation and mortality 
did not differ significatively between the two groups (p = 0,371 and 
p = 0,469 respectively).
Conclusion: Bacterial coinfection rate in patients admitted with 
severe SARS-CoV2 infection is low. No significative difference was 
found between coinfected and non-coinfected group. These findings 
support unrecommended systematic antibiotics association to treat 
severe viral infection.
Compliance with ethics regulations: Yes in clinical research.
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