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Abstract 

Objective:  

The aim of this study was to describe the characteristics of patients admitted to the intensive 

care unit with severe pneumonia due to SARS-CoV-2, comparing them according to 

successive waves, and to identify prognostic factors for morbidity and mortality.  

Materials and methods:  

This single-center retrospective observational descriptive study was conducted from March 

10, 2020, to October 17, 2021. All adult patients admitted with SARS-CoV-2 pneumonia 

presenting acute respiratory failure were included. COVID 19 diagnosis was confirmed by 

RT-PCR testing of respiratory specimens. The primary endpoint was ICU mortality. 

Secondary endpoints were the occurrence of ventilator-associated pneumonia (VAP) or 

bronchopulmonary aspergillosis.  

Results:  

Over the study period, 437 patients were included of whom 282 (65%) patients were 

ventilated for 9 [5;20] days. Among the studied population, 38% were treated for one or more 

episodes of VAP, and 22 (5%) for bronchopulmonary aspergillosis. ICU mortality was 26% in 

the first wave, then fell and stabilized at around 10% in subsequent waves (p = 0.02). 

Increased age, Charlson index, SOFA score and lactatemia on admission were predictive of 

mortality. Survival at 90 days was 85% (95% CI 82-88) and was unaffected by the presence 

of VAP. However, the occurrence of bronchopulmonary aspergillosis increased mortality to 

36%.  

Conclusion:  

In this study, we observed mortality in the lower range of those previously reported. Risk 

factors for mortality mainly included age and previous comorbidities. The prognosis of these 

critically ill Covid 19 patients improved over the four waves, underlining the likely beneficial 

effect of vaccination and dexamethasone.  

 

  



Introduction 

 

 

SARS-CoV-2 appeared in China in December 2019 [1, 2], with acute respiratory distress 

syndrome (ARDS) being the most common severe form of the disease. On January 30, 2020, 

the World Health Organization (WHO) declared "that the outbreak (of cases) constitutes an 

international public health emergency (IPHE)". Since then, this virus has had a considerable 

impact on our modern societies and healthcare systems. There have been at least 774 million 

cases worldwide, and over 7, 031, 200 deaths [3]. This period was therefore conducive to 

research, the identification of risk factors, the sharing of experiences between centers, and the 

frantic race for anti-Covid treatments and vaccines. From the very first months of the 

pandemic, analysis of numerous data revealed risk factors for developing a severe form of the 

disease. We were able to identify subjects at risk, who were then targeted as a priority by 

vaccination campaigns. Among the risk factors for mortality, age and male gender are the 

most frequently found [4]. The role of certain comorbidities has also been highlighted: 

overweight, immunosuppression, diabetes, organ disease and the presence of a history of 

cardiovascular disease [5–9]. A gradual change was then observed in the affected populations 

treated in intensive care units, as well as a drop in mortality. This evolution is probably linked 

to government measures, improved medical care and the development of vaccination. 

 

In France, transmission of the virus was initially rapid in "Ile de France" and eastern France, 

then spread throughout the country. Occitanie region was able to anticipate the influx of 

patients into its hospitals [10]. In Intensive Care Medicine at Montpellier University Hospital, 

the first patient to test positive for SARS-CoV-2 was admitted on 10/03/2020. Between 

March 2020 and October 2021, the department admitted 464 patients for ARDS with SARS-

CoV-2, distributed unevenly over time according to 4 periods commonly known as "waves". 

We had observed a change in the epidemiological profile over time, with the advent of new 

therapies such as corticoids and vaccination. We had also observed a more frequent 

occurrence of nosocomial pneumonia, which had previously been attributed with a higher 

mortality rate [11]. These observations prompted us to investigate further.  

 

The aim of our study was firstly to describe the population of patients with this severe form of 

SARS-CoV-2 infection admitted to our center during 4 successive waves, to determine the 

mortality rate of these patients and finally to identify risk factors for mortality. We were also 

interested in the occurrence of 2 complications: ventilator-associated pneumonia (VAP) and 

bronchopulmonary aspergillosis. We sought to identify patients with severe SARS-CoV-2 at 

risk of developing these 2 complications. 

Patients and methods 



 

 

This prospective observational study was carried out in the Intensive Care Department of the 

Lapeyronie University Hospital. On admission, an information note concerning the use of 

patient data in clinical research is distributed to each patient or trusted support person that 

stipulates that participation is implicitly granted unless the patient, or his or her family, 

expresses opposition. According to French law, signed consent of participants is not required 

due to the non-interventional design of the study. 

 

During the pandemic, our department was the first line of care for severe patients. However, 

patients requiring respiratory assistance by Extracorporeal Membrane Oxygenation were 

referred as a matter of priority to another department with expertise in this technique. The 

pandemic evolved in successive waves, interspersed with periods of calm when admissions 

fell sharply until they were cancelled. 

 

All patients aged over 18 admitted to our ICU between 10/03/2020 and 17/10/2021 with 

SARS-CoV-2 pneumonia were included consecutively in the study. Covid-19 was diagnosed 

if a clinical SARS-CoV-2 either nasopharyngeal or endotracheal polymerase-chain- reaction 

(RT-PCR) test was positive, at a cycle thresh- old value < 25, within 24 h of the patient’s 

admission to the hospital. Exclusion criteria were pregnancy, a medical decision to limit 

therapy. The decision to admit patients to ICU was based on patients’ prior condition (age, 

frailty, comorbidity, neurocognitive status), hypoxemia requiring oxygen therapy greater than 

6 L/ min or respiratory failure (polypnea > 30/min, signs of draught, signs of hypercapnia, 

paradoxical respiration), systolic blood pressure below 90mmHg, Glasgow score less than 12, 

and worsening organ failure. For patients aged over 80, the decision to admit them to the ICU 

was strongly discouraged, and in all cases discussed collegially, respecting the wishes of the 

patient and family. 

 

Patient demographics and histories were collected: age, BMI, time (in days) from onset of 

symptoms to ICU, comorbidities -hypertension, diabetes mellitus, chronic kidney disease, 

inflammatory disease and Charlson score [12]. The patient was considered 

immunocompromised if he was receiving corticosteroid therapy greater than 0.5mg/kg/day for 

at least 3 months, a history of solid organ transplantation, solid tumor with chemo- therapy in 

the last 5 years, hematologic malignancy, a primary immune deficiency. The severity of the 

disease was assessed 24 h after admission using the SAPS II and Sequential Organ Failure 

Assessment (SOFA) score. Glasgow coma score evaluated the level of consciousness. During 

the first 48 h, the worst value for PaO2 /FiO2 ratio, creatininemia, CRP, lactatemia, D-dimer, 

and renal function was collected. 



 

Treatments implemented during ICU stay were also recorded including the need for and the 

duration of non-invasive and invasive ventilation or / and renal replacement therapy (RRT), as 

well as the use of vasoactive drugs. The use of the prone position was recorded, as was the 

number of sessions. The requiring for a veno-venous extracorporeal membrane oxygenation 

(ECMO) was also recorded. 

 

The occurrence of nosocomial infections was recorded: ventilator-associated pneumonia 

(VAP), bacteremia, invasive fungal infections, and pulmonary aspergillosis. VAP was defined 

by clinical (fever, worsening hematosis and purulent secretions), radiological and 

microbiological signs, and by the initiation of antibiotic therapy in a patient ventilated for at 

least 48 h [13]. Covid-19-associated pulmonary aspergillosis (CAPA) was defined by 

mycological criteria (mycelial filaments on direct examination, plasma aspergillary Ag, 

bronchial aspergillary Ag, culture of respiratory specimens) and the introduction of specific 

treatment. 

 

Specific management of COVID 19 included curative anticoagulation (in the absence of 

contraindication) with IVSE unfractionated heparin, and corticosteroid therapy with 

Dexamethasone at a dosage of 6mg/d intravenously for 10 days [14–16]. From May 2021, 

Tocilizumab 400-800mg was administered as a single intravenous infusion in severe patients 

with a CRP above 70mg/L, ensuring the absence of bacterial superinfection [17]. No 

systematic antibiotic therapy was prescribed except in cases of early "respiratory co-infection" 

[18], defined as the presence within the first 2 days of a bacterial pneumonia with 

bacteriological documentation.  

 

ICU lengths of stay and ICU and hospital deaths were collected. Deaths due to limitation of 

care were recorded. We also collected mortality at 3 months. Factors predic- tive of in-

hospital mortality were then identified. 

 

Statistical analysis 

 

Categorical variables are presented as numbers and percentages, and continuous variables as 

medians with their interquartile ranges (IQR, 25th and 75th percentiles). The total population 

was divided into two groups according to vital status at discharge from ICU and hospital. The 

total population was also divided into two groups according to the occurrence or non-

occurrence of nosocomial pneumonia or aspergillosis. Variables were then compared between 

each group by the appropriate test for each case: categorical variables by chi2 test or Fisher 



test, and continuous variables by Student test or Wilcoxon test. Factors associated with ICU 

and in-hospital mortality, nosocomial pneumonia and aspergillosis were determined by 

multivariate logistic regression. For the multivariate analysis, variables were selected on the 

basis of their statistical significance in the univariate analysis (with a P value ≤ 0.2) of their 

association with ICU and in-hospital mortality, the occurrence of nosocomial pneumonia, 

aspergillosis or bacteremia. Before inclusion in the model, variables were tested for 

collinearity. The results of the multivariate logistic regression models are reported as odds 

ratios (OR) with their 95% confidence intervals (CI95%). Survival at 60 days in the total 

population was estimated using the Kaplan–Meier method. This method was used to estimate 

survival in the population according to whether or not they developed nosocomial pneumonia 

or aspergillosis. The curves were then compared using the Log-Rank test. All tests were two-

tailed, and p values ≤ 0.05 were considered statistically significant. Analyses were performed 

using R software version 4.0.3 (Free Software Foundation, Boston, USA). 

 

 

Results 

 

During the study period, we observed 4 waves with chronological limits as follows: (1) March 

10 to April 27, 2020, (2) August 12 to December 28, 2020, (3) January 1 to June 6, 2021, 

marked by the appearance of the alpha variant (known as "British") and the start of the  anti-

covid vaccination campaign for the most vulnerable subjects. (4) from July 17 to October 17, 

2021, marked by the emergence of the delta variant (known as "Indian") in a context of 

widespread vaccination (Figs. 1 and 2). 

 

As shown in the flowchart (Fig. 1) and in Fig. 2, 437 patients were included in the study 

including 51, 133, 191 and 62 patients in each wave chronologically. The population was 

predominantly male (71%), with a median age of 65 (56;72) years and a median BMI of 28 

(28;32). Main features of the patients are displayed in Table 1. Median time to ICU admission 

from onset of disease symptoms was 9 (6;11) days. On admission, median SAPSII and SOFA 

scores were 32 (22;44) and 4 (2;7) respectively, and median PaO 2/FiO2 ratio 147 (106;182) 

mmHg. A respiratory co-infection was present in 62 (14%) patients. Bio- logical data are 

showed in Table 1. 

 

Curative anticoagulant therapy was given to all patients, and intravenous dexamethasone to 

82%. 

 



During the ICU stay, 282 (65%) patients required mechanical ventilation, almost half of them 

within the first 24 h, for a median duration of 9 (5;20) days. Forty- eight (11%) patients 

required vasoconstrictive drugs. AKI occurred in 135 (31%) patients in which 54 (12%) were 

treated by RRT, while ECMO was performed in only 8 (2%) patients. Several nosocomial 

infections occurred including VAP in 170 patients (39%), CAPA in 22 (5%), bacteremia in 62 

patients (14%) and fungemia in 16 patients (4%) (Table 1). 

 

 

 

 



 

 

ICU and hospital lengths of stay were 8 (4; 15) and 20 (12; 33) days respectively. The ICU 

mortality rate was 12% (53 patients), rising to 16% (68 patients) at discharge (Table 1). Of the 

53 ICU deaths, 34 (64%) were the result of treatment limitation. At 90 days, the survival rate 

remained at 84 (82;88) % (Fig. 3). 

 

Comparison of patient groups corresponding to each wave (Table 1) 

 

Mortality was 26% in the first wave, then fell and stabilized at around 10% in subsequent 

waves (p = 0.02). In the first wave, patients had a higher Charlson index, higher rates of 

chronic kidney disease (20%) and a higher incidence of AKI, with a consequent higher use of 

RRT (31%). A greater proportion of these patients were ventilated, but for a shorter duration. 

In contrast, patients in the fourth wave were younger (median age 57 (45;65) years). 

 

 



Predictive factors of mortality 

 

Univariate analysis of surviving and deceased ICU patients showed that higher age, higher 

Charlson index, higher SAPSII and SOFA severity scores, lower PaO2/ FiO2 ratio and higher 

blood lactate and D-dimer levels were associated with mortality (Table 2). The need for 

mechanical ventilation, vasopressor drugs and/or RRT was also associated with mortality. 

Multivariate analysis retained only age (OR 1.09 (1.04;1.15), p = 0.001), high Charlson index 

(OR 1.23 (1.02;1.48), p = 0.028), SOFA score (OR 1.40 (1.19;1.66), p < 0. 001), and 

lactatemia on admission (OR 1.61 (1.15;2.40), p = 0.011), and need for  prone positioning 

(Table 2). The occurrence of CAPA was also associated with mortality (Fig. 5). 

 

Predictive factors of nosocomial infection 

 

Of the 282 patients who required ventilation, more than half (167) developed VAP. 

Microbiological data were as follows: enterobacteria (90, 54%), pseudomonas (25, 15%), 

staphylococcus aureus (12, 7%), other gram positives (25, 15%) and unidentified (15, 9%). 

 

The comparative univariate analysis of patients with and without VAP identified the 

following factors as being associated with its occurrence: longer duration of ventilation (16 

(9; 28) vs. 5 (3;8) days, p < 0.001), longer duration of curarization (4 (2;7) vs. 1(1;3) days, p < 

0.001), and higher proportion of patients requiring prone position (69% vs. 40%, p < 0.001) 

and receiving Dexamethasone (86% vs 64%, p < 0.001) (Table 3). Multivariate analysis 

retained only the following factors (Table 3): prolonged mechanical ventilation (OR 1.12 

(1.08; 1.18), p < 0.001) and Dexamethasone administration (OR 2.97 (1.46; 6.25), p = 0.003). 

  

We observed and diagnosed 22 cases of pulmonary aspergillosis in the entire cohort. In all 

cases, plasma or bronchoalveolar lavage ( BAL) fluid galactomannan was > 1.0. In some 

cases (5), the diagnosis was confirmed by the presence of aspergillus in BAL culture. 

 

In univariate analysis, the occurrence of CAPA was associated with the duration of 

mechanical ventilation, the need for RRT and with respiratory co-infection (Table 4). In 

multivariate analysis, only the presence of an initial respiratory co-infection (OR 2.92 (0.98; 

8.30), p = 0.046) and the requiring of RRT (OR 1.58 (0.99; 2.46), p = 0.046) were associated 

with the occurrence of CAPA. Survival to 90 days was not significantly different according to 

whether or not a VAP had occurred during the stay (Fig. 4). On the other hand, the occurrence 

of a CAPA in mechanically ventilated patients prolonged the ICU length of stay and 



significantly worsened mortality (8 (36%) vs. 38 (15%), p = 0.0114) and was associated with 

lower survival at 3 months, 64% (95% CI (46;87), p = 0.001) (Fig. 5). 

 

 

 

 

Discussion 

 

In this study, we report a comprehensive analysis of the characteristics of 437 patients with 

severe SARS-CoV-2 who were admitted to the ICU during 4 successive waves. Our 

population was characterized by its severity, as evidenced by severity scores and a PaO 

2/FiO2 ratio below 150. Overall mortality in intensive care was 12%, rising to 16% at hospital 

discharge, but this decreased significantly (26 vs. 10% in intensive care; 33 vs. 14% in 

hospitalization) over the waves. Factors associated with mortality were advanced age, high 

Charlson and SOFA scores, high blood lactate levels, and the need for prone position. Over 

half the patients (55%) developed VAP, and 5% pulmonary aspergillosis. Prolonged 

mechanical ventilation and dexamethasone administration were associated with the 

occurrence of VAP, while respiratory co-infection and the need for RRT were associated with 

the occurrence of pulmonary aspergillosis, significantly worsening the outcome. 

 

 

 



 

 

 

 

 

ARDS, the most severe form of Covid-19, is the leading cause of ICU admission, as reported 

here. We observed an overall mortality rate of 12%, which is in the lower range of those 

reported by various published series [6, 19–24]. Indeed, reported mortality rates range from 

18 to 40%. Our results are similar to those of the AZUREA group which, in a prospective 

multicenter French study conducted from March to July 2020, found a mortality rate at D28 

of 18% [25]. The 2 populations were fairly comparable in terms of age (66 vs. 65 years), 

Charlson and IGS II scores (37 vs. 32). Moreover, the percentage of patients assisted by 

mechanical ventilation was 75% vs. 65% in our cohort. However, higher mortality rates have 

been reported, such as that observed by Grasselli et al. in Lombardy in February 2020, i.e. 



44.3% with 88% of patients on mechanical ventilation [6]. While the prospective multicenter 

European COVID-ICU study, conducted from February to May 2020, observed a mortality 

rate at D28 of 26% in a population of similar severity to ours [19]. In contrast, Gupta et al. 

[20] reported, in a North American multicenter study, a higher mortality at D28 of 35.4%, but 

the patients suffered more marked respiratory failure, with a median PaO 2/FiO2 ratio of 124 

(86–188) mmHg. In fact, our patients admitted in the first wave had similar severity, notably 

in terms of frailty scores and the number of patients ventilated (90%) and had a mortality rate 

of 26%. The reduction in mortality we observed in subsequent waves (10–11%) was also 

observed by the COVID-ICU team. In this study, the downward trend observed was attributed 

to less use of mechanical ventilation [19]. From the second wave onwards, we observed lower 

and stable mortality rates at 10–11%, with a longer duration of mechanical ventilation and a 

higher incidence of VAP. However, mortality rates of 30% have been reported as early as 

autumn 2020, despite lower patient severity (lower severity scores and less frequent use of 

ventilatory support) [21–25]. Only Kurtz et al. reported a mortality rate of 11% but this series 

included a population (13,301 patients from February to December 2020) with a median age 

of 54 (41;69) years, a median PaO 2/FiO2 ratio of 221 (108;357) mmHg, and a low rate of 

invasive and non-invasive mechanical ventilation (31%) [26]. The differences in mortality 

between the different series could be linked to different sanitary measures and care logistics, 

and to the geographical progression of the new emerging SARS-CoV-2 variants. Because of 

its temporality (occurring after the first patients in Eastern France and Ile de France), better 

anticipation of the crisis in Occitanie probably also contributed. 

 

The Occitanie region seems to have a resuscitation capacity above the French average [27], 

bearing in mind that fairly significant disparities are reported in Europe. In the Dutch cohort 

of 7,000 patients recruited between February 2020 and June 2021 with characteristics similar 

to ours and a rate of mechanical ventilation decreasing from 79 to 58%, ICU mortality was 

24.2%, with no improvement between the 3 waves [21]. The authors highlighted the low 

intensive care bed capacity in the Netherlands (6.4 per 100,000 inhabitants). In addition, the 

multicenter studies were carried out in a number of hospitals whose quality of care may have 

been uneven or at least inhomogeneous (e.g. AZUREA, 16 University Hospitals and 13 

Hospital Centers). The improved prognosis we observed cannot be linked to earlier 

management, since the time from first symptoms to admission to intensive care was 

comparable (9 (7;12) days). However, patients admitted after the first wave were younger and 

significantly less severe, which at least partly explains this reduction in mortality. In addition, 

the recommendations of learned societies and medical experience over time have helped 

optimize management [28, 29]. For example, early intubation, initially recommended, is now 

postponed as long as possible. A meta-analysis published in March 2021, comparing the 

mortality of "early intubated" patients (within 24 h of ICU admission) with that of "late 

intubated" patients (more than 24 h after admission), showed no difference in mortality [30]. 

In addition, the use of systemic corticosteroids in patients requiring oxygen therapy will 

become routine from June 2020, following publication of the results of the randomized 



RECOVERY trial [15]. This was the first treatment to demonstrate a reduction in mortality in 

SARS-CoV-2. 

 

 

 

 



Our analysis identified risk factors for mortality. These were age, number of comorbidities 

and overall severity on admission (SOFA and lactatemia), in line with previously published 

results. A later admission to critical care from the onset of symptoms is protective in our 

study. This finding was confirmed by the results of the COVID ICU study [19]. Of note, 

PaO2/FiO2 ratios were not associated with mortality, unlike the SOFA score. 

 

In our cohort, almost 2/3 of ventilated patients were treated for an episode of VAP, 

corroborating the rate reported in the COVID ICU study: 58% [19]. This incidence seems 

particularly and significantly higher in the case of SARS-CoV-2 than for other causes of 

mechanical ventilation (48% vs. 13%) [31]. The role of immuno- suppression induced by the 

immune dysregulation of SARS-CoV-2 [32] seems to explain this fact, as well as a systematic 

screening effort in the management of patients ventilated for SARS-CoV-2. Vacheron et al., 

in a large-scale multicenter French study, also found this contrast (29% of VAPs in SARS-

CoV-2-positive ventilated patients versus 13% in SARS-CoV-2-negative ventilated patients) 

[33]. Like Grasselli et al., we were unable to prove an association between the occurrence of a 

VAP and mortality, but an association with prolonged hospital stay [6]. Vacheron et al. [11] 

did, however, find an increase in mortality attributed to the occurrence of VAP. Anyway, the 

longer hospital stay could be linked to the greater difficulty of treating these pneumonias [33]. 

Our results reflect the factors associated with the occurrence of VAP identified in the analysis 

by Reyes et al. in which Dexamethasone was an independent risk factor for VAP [34]. The 

effect of corticosteroids must be analyzed with caution, given that patients in the first wave 

did not benefit from this therapeutic option. The duration of mechanical ventilation is an 

independent factor in the occurrence of VAP, a factor widely reported in general ICU studies. 

 

Incidence rates of CAPA are highly variable, ranging from 0 to 30% of ventilated patients, 

depending on the series, despite recent clarifications in the microbiological definition of 

bronchopulmonary aspergillosis [35–37]. In a multicenter retrospective study conducted in 

2020, Dellière et al. found a CAPA rate similar to our own, with a probable diagnosis in 8% 

of ventilated patients [38]. Higher incidence rates have been reported, such as 27.7% by 

Bartoletti et al. bearing in mind that bronchial fibroscopy was routinely performed for deep 

respiratory sampling at D0 and D7 [39]. It is possible that our incidence rate was 

underestimated due to undiagnosed disease. However, a galactomannan blood test was 

regularly performed, and respiratory sampling was undertaken in cases of clinical or 

radiological suspicion or unexplained persistent fever [35]. 

 

The susceptibility of immunocompetent patients to develop CAPA is probably multifactorial, 

including immune dysregulation, ARDS-induced lung injury, invasive ventilation, and 

lymphopenia [38]. In univariate analysis, neither Dexamethasone nor immunosuppressive 

treatments were associated with the occurrence of CAPA in our cohort. The combination of 

Dexamethazone and Tocilizumab has, however, been reported as a risk factor for CAPA [37, 



40]. We observed that the occurrence of CAPA was associated with higher mortality (36% vs. 

15% p = 0.0114), but lower than that reported: 60%, or even 80%-100% in 

immunocompromised patients [41]. The occurrence of CAPA is to be compared with the 

mortality of bronchopulmonary aspergillosis in influenza, which is 36% [42]. An 

observational multicenter study, including 295 Cov2 SARS with CAPA, failed to show any 

benefit of preventive screening by measuring galactomannan in BAL to improve disease 

outcome [43]. 

 

Our work has several limitations. This was an observational study, with its advantages and 

disadvantages. Despite the size of our cohort, our results must be extrapolated to a larger scale 

with caution, especially as inter-regional disparities are significant during a pandemic. Lastly, 

we have had to interrupt inclusions in October 2021, and so miss out on an exhaustive 

analysis of all 5 waves. Data concerning vaccination, new treatments with Tocilizumab and 

the emergence of new variants could not be processed in this study. 

 

 

Conclusion 

 

 

The overall mortality of severe SARS Cov2 patients is 12%, with a significant drop over 

successive waves. Age, physiological frailty and severity of clinical status on admission 

(SOFA and lactatemia) are associated with the outcome. Healthcare-associated infections are 

responsible for a significant increase in ICU- and hospital-length of stay while the occurrence 

of CAPA is predictive of reduced survival to D90. The lessons learnt from these last few 

years of prolific research give us the means to face, better armed, a possible resurgence of 

cases, or the emergence of new variants, or even the evolution of this pathology towards a 

seasonal flu-like epidemic. 
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