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Abstract

Background:

Cardiogenic shock and sepsis are severe haemodynamic states that are frequently present
concomitantly, leading to substantial mortality. Despite its frequency and clinical
significance, there is a striking lack of literature on the outcomes of combined sepsis and
cardiogenic shock.

Methods:

FRENSHOCK was a prospective registry including 772 patients with cardiogenic shock from
49 centres. The primary endpoint was 1-month all-cause mortality. Secondary endpoints
included heart transplantation, ventricular assistance device and all-cause death rate at 1lyear.

Results:

Among the 772 patients with cardiogenic shock included, 92 cases were triggered by sepsis
(11.9%), displaying more frequent renal and hepatic acute injuries, with lower mean arterial
pressure. Patients in the sepsis group required broader use of dobutamine (90.1% vs. 81.2%;
P=0.16), norepinephrine (72.5% vs. 50.8%; P<0.01), renal replacement therapy (29.7% vs.
14%; P<0.01), non-invasive ventilation (36.3% vs. 24.4%; P=0.09) and invasive ventilation
(52.7% vs. 35.9%; P=0.02). Sepsis-triggered cardiogenic shock resulted in higher 1-month
(41.3% vs. 24.0%; adjusted hazard ratio: 1.94, 95% confidence interval: 1.36-2.76; P<0.01)
and 1-year (62.0% vs. 42.9%; adjusted hazard ratio 1.75, 95% confidence interval 1.32-2.33;
P<0.01) all-cause death rates. No significant difference was found at lyear for heart
transplantation or ventricular assistance device (8.7% vs. 10.3%; adjusted odds ratio 0.72,
95% confidence interval 0.32-1.64; P=0.43). In patients with sepsis-triggered cardiogenic
shock, neither the presence of a preexisting cardiomyopathy nor the co-occurrence of other
cardiogenic shock triggers had any additional impact on death.

Conclusions:
The association between sepsis and cardiogenic shock represents a common high-risk

scenario, leading to higher short- and long-term death rates, regardless of the association with
other cardiogenic shock triggers or the presence of preexisting cardiomyopathy.



1. Abbreviationsa

aHR adjusted hazard ratio; aMCS acute mechanical circulatory support; CICU cardiac
intensive care unit; CS cardiogenic shock; ECLS extracorporeal life support; SCAI
Society for Cardiovascular Angiography and Interventions; Sepsis-3 Third International
Consensus Definitions for Sepsis and Septic Shock

2 Background

Cardiogenic shock (CS) is a life-threatening condition character-ized by systemic
hypoperfusion resulting from a primary cardiac dysfunction. Despite advances in its
management, the death rate for CS remains high [1].Many patients diagnosed with CS
exhibit signs indicative of sepsis. Indeed, approximately 15-20% of patients with shock in
cardiac intensive care units (CICUs) in the USA have CS with concomitant sepsis or CS-
vasodilatory shock [2].

Sepsis is also a life-threatening organ dysfunction, caused by an unregulated host
response, with septic shock being its most severe manifestation [3]. These two conditions
are also associated with significant mortality and morbidity worldwide [4]. The
haemodynamic cardiovascular profile of sepsis is complex and dynamic, and combines
different levels of alterations in preload, afterload and often cardiac contractility,
sometimes leading to ventriculo-arterial uncoupling [5]. The management of sepsis
involves early recognition, timely administration of antibiotics, fluid resuscitation and
haemodynamic optimization using vasopressors and inotropes are commended [6]. Recent
studies have suggested some potential links between CS and sepsis. Indeed, on the one
hand, the presence of sepsis may contribute to the development of CS as an initial trig-ger
[7], such as in patients with preexisting chronic heart failure, or sepsis may even worsen
CS severity [8]. In addition, septic shock canal so induce CS, such as in sepsis-induced
cardiomyopathy [9-11], sometimes needing acute mechanical circulatory support (aMCS)
[12]. On the other hand, CS may increase the risk of sepsis [13] or may lead to the
development of sepsis and septic shock [14]. How-ever, the underlying mechanisms that
drive these associations are not well understood.

Regarding sepsis leading to sepsis-induced cardiomyopathy and CS, many possible
mechanisms have been suggested, such as the effect on the myocardium of



proinflammatory cytokines, dysfunctional nitric oxide synthase or mitochondria,
sympathetic hyperactivation and, finally, coronary microcirculatory disorders, such as
endothelial dysfunction and glycocalyx degradation, leading to ischaemia and capillary
leaks, and resulting in myocardial oedema [9,15].

Regarding CS leading to septic shock, impairment of immune function during CS may
favour sepsis [16]; another mechanism may be intestinal ischaemia, favouring
translocation of bacteria/endotoxins into the bloodstream, leading to profound
hypoperfusion and a vicious circle phenomenon [14].

Despite the frequent prevalence and clinical relevance of this association, there is limited
literature available on the short- and long-term outcomes of mixed sepsis-CS [2,17].

Our purpose is to provide an overview of the clinical presentation, management and
outcomes of patients with CS and sepsis, based on the FRENSHOCK registry, a large
cohort of miscellaneous cases of CS.

3. Methods

3.1. Patient population

As reported previously [1,18,19], FRENSHOCK is a prospective observational
multicentre survey that was conducted between April and October 2016, including 772
patients admitted for CS to an intensive care unit/CICU in France from various types of
institutions (primary to tertiary centres, university and non-university, public and private
hospitals).

All adult patients (aged > 18 years) with CS were included prospectively if they met at
least one criterion from each of the following three components: (1) low cardiac output:
low systolic blood pressure < 90 mmHg and/or the need for maintenance with
vasopressors/inotropes and/or a low cardiac index < 2.2 L/min/m2; (2) left and/or right
heart filling pressure elevation, defined by clinical signs, radiology, blood tests,
echocardiography or signs of invasive haemodynamic overload; and (3) signs of organ
malperfusion, which could be clinical (oliguria, confusion, pale and/or cold extremities,
mottled skin) and/or biological (lactate > 2 mmol/L, metabolic acidosis, renal failure, liver
insufficiency).



For each patient, investigators had to specify one to three CS triggers among the
following: sepsis; ischaemia (type 1 or 2acute myocardial infarction); mechanical
complications (valvular injury, ventricular septal defect); ventricular and supraventricular
arrhythmia; severe bradycardia; iatrogenesis (medication induced); and non-observance of
previous medication. Patients could therefore have one or several coexisting CS triggers.
The diagnosis of sepsis was based on the Third International Consensus Definitions for
Sepsis and Septic Shock (Sepsis-3) [3]. Those who had sepsis as the only trigger were
defined as having exclusively sepsis-triggered CS, whereas those whose sepsis was
associated with other concomitant triggers (ischaemia, ventricular arrhythmia, etc.) were
defined as having non-exclusively sepsis-triggered CS.

3.2. Data collection

The protocol for data collection has been published previously[1,18,19]. Briefly, the data
collected included the patient’s medical history, past treatments and management of CS
during hospitalization, including fluid administration and the use of antibiotics,
inotropes/vasopressors, mechanical ventilation, renal replacement therapy and aMCS.
Additionally, various clinical, biological and echocardiographic variables were recorded at
admission and after24 hours.

3.3. Outcomes

All-cause mortality, heart transplantation and ventricular assist devices were assessed at 1
month and 1 year. The primary endpoint was 1-month all-cause death rate. Secondary
endpoints included 1-year all-cause death rate and 1-year need for heart transplantationor
a ventricular assist device.

3.4. Ethics

The study was conducted in accordance with the Helsinki declaration and French law.
Written consent was obtained for all patients. Recorded data and their storage were
approved by the Comité consultatif pour le traitement de I’information en matiére de
recherche dans le domaine de la santé (CCTIRS; French Health Research Data Processing
Advisory Committee; n015.897) and the Commission nationale de 1’informatique et des
libertés (CNIL; French Data Protection Agency; noDR-2016-109). The trial was
registered at ClinicalTrials.gov (identifier: NCT02703038).



3.5. Statistical analysis

Continuous variables are reported as means * standard deviations or medians
(interquartile ranges), as appropriate. Categorical variables are described as frequencies
and percentages. Comparisons were made using the Mann—Whitney non-parametric test
for continuous variables, and Fisher’s exact test for categorical variables. Paired data were
analysed with the Wilcoxon signed-rank test. To identify independent predictors for each
out-come, we employed a multivariable stepwise logistic regression approach. Initially,
univariate logistic regression analyses assessed the association of all baseline
characteristics with each primary and secondary outcome. Subsequently, based on their
statistical significance in the univariate analyses, and their clinical relevance, a backward
reduction process was applied to include only characteristics with P < 0.05 in the
multivariable models for adjusted outcome analyses. The variance inflation factor was
used to ensure the absence of multicollinearity among variables. The primary out-come of
all-cause death rate was assessed using Kaplan—Meier time-to-event analysis, and Cox
proportional hazards models were used to determine the adjusted hazard ratio (aHR), 95%
confidence interval (Cl) and P-value. Secondary outcomes (heart transplantation,
ventricular assist device and further composites) are reported as their adjusted odds ratio
and 95% CI by multivariable logistic regression, as we did not have the exact temporal
data needed to develop a Cox model. The main analysis was a comparison between
patients with sepsis-triggered and non-sepsis-triggered CS. Further analyses were
conducted examining the primary and secondary outcomes in the sepsis-triggered group:
(1) between patients with sepsis as the exclusive trigger for CS and those with other
coexisting triggers; and (2) between patients with sepsis as the exclusive trigger for CS
without a history of chronic cardiomyopathy and other sepsis-triggered cases of CS.

All tests were two-tailed. A value of P < 0.05 was accepted as statistically significant. To
address the issue of multiple testing, P-values were adjusted with the Benjamini-Hochberg
false discovery rate method, and reported with raw and corrected values. All P-values
presented in the text are the corrected ones, unless otherwise stated. Analyses were
performed using R software, version4.1.2 (R Core Team [2021]. R Foundation for
Statistical Computing, Vienna, Austria).

4. Results

4.1. Baseline characteristics

As illustrated in Fig. 1, a total of 772 patients with CS were enrolled from 49 different
medical centres. Among this cohort, 92 patients were identified with concurrent sepsis,
accounting for 11.9% of the total sample, and their characteristics are delineated in



Tablel. Comparison between the two groups revealed no significant disparities in age, sex
distribution or prevalence of cardiovascular risk factors. The distribution of cardiac
disease history was evenly balanced between the groups (64.1% vs. 55.1% P = 0.31),
irrespective of the specific cardiomyopathy subtype. Notably, the severity of cardiac
ailments, as indicated by the prevalence of previously implanted implantable cardioverter-
defibrillators, was similar between the sepsis and non-sepsis cohorts (15.2% vs. 16.6%;P
= 0.97). Additionally, there were no discernible differences in the prevalence of associated
co-morbidities, such as peripheral artery disease, chronic kidney disease and chronic
obstructive pulmonary disease. However, patients in the sepsis group exhibited a trend
towards a higher incidence of active cancer (14.1% vs.5.6%; P = 0.02). Baseline drug
therapy, encompassing antithrombotic agents, antiarrhythmics and medications for heart
failure, was consistent across both groups.

Among the 92 patients in the sepsis group, 61 (66.3%) presented with infection as the sole
trigger, whereas the remaining31 patients displayed a combination of other concurrent
trig-gers, including ischaemia (16.3%), supraventricular tachycardia(6.5%), iatrogenesis
(6.5%) and recurrent supraventricular tachycardia (6.5%) (Table A.1).

4.2. CS presentation and evolution at 24 hours according to sepsis and non-sepsis
groups

Patients in the sepsis group presented with a lower mean arterial pressure at baseline
compared with those in the non-sepsis group (70.2 vs. 75.5 mmHg; P = 0.03), along with
a lower diastolic blood pressure (59.4 vs. 63.7 mmHg; P = 0.049), although lactate
concentrations were not significantly different between the two groups (Table 2). Cardiac
arrests were predominantly observed in the non-sepsis group (2.2% vs. 11.3%; P = 0.02).
Notably, organ dysfunction was more pronounced in the sepsis group, with a higher
incidence of acute liver injury compared with the non-sepsis cohort, as evidenced by a
decreased prothrombin time (50.0% vs. 60.0%; P = 0.02) and a trend towards higher
creatinine concentrations (150.0 vs. 131.0 umol/L; raw P = 0.03, corrected P =
0.13).There were no significant differences observed in systolic or diastolic right
ventricular and left ventricular function between the two groups. Matched data analysis
revealed that only patients in the non-sepsis group demonstrated a notable improvement in
systolic blood pressure, lactate concentration, creatinine concentration and left ventricular
ejection fraction at 24 hours (Table A.2).



4.3. In-hospital management according to sepsis and non-sepsis groups

Dobutamine was the most frequently used inotrope (90.1% vs.81.2%; P = 0.16), and
norepinephrine (72.5% vs. 50.8%; P < 0.01) was used more frequently in the sepsis group,
whereas no significant differences were observed for levosimendan and epinephrine
(Table 3). The presence of sepsis also resulted in a higher utilization of invasive
ventilation (52.7% vs. 35.9%; P = 0.02). There was no dis-parity in the overall utilization
of aMCS (13.0% vs. 18.2%; P = 0.49), whereas sepsis was associated with a greater need
for acute renal replacement therapy (29.7% vs. 14.0%; P < 0.01).

4.4. Short- and long-term outcomes

The combination of CS and sepsis led to a notable increase inl-month (41.3% vs. 24.0%;
aHR: 1.94, 95% CI: 1.36-2.76; P < 0.01)and 1-year (62.0% vs. 42.9%; aHR: 1.75, 95%
Cl: 1.32-2.33; P < 0.01)all-cause death rates, as illustrated in Fig. 2. Conversely, there
was no significant disparity observed at 1 year for heart transplantation or ventricular
assist device between the two groups (8.7% vs. 10.3%; adjusted odds ratio: 0.72, 95% CI:
0.32-1.64; P = 0.69).4.5. Exclusively and non-exclusively sepsis-triggered CS, with and
without past cardiomyopathy Among the 92 patients with CS in the sepsis group, 61 cases
were solely triggered by sepsis (66.3%). The concurrent presence of other CS triggers did
not influence the all-cause death rate atl month (42.6% vs. 38.7%; aHR: 1.13, 95% CI:
0.57-2.26; P = 0.89)or at 1 year (65.6% vs. 54.8%; aHR: 1.29, 95% CI. 0.72-2.31; P =
0.67)(Fig. 3). Additionally, the existence of a preexisting cardiomyopathy did not impact
death rates at 1 month (aHR: 1.16, 95% CI: 0.57-2.36;P = 0.89) and at 1 year (aHR: 1.13,
95% CI: 0.6-2.11; P = 0.89) for sepsis-triggered CS (Fig. 4).

5. Discussion

In this post-hoc analysis of a large prospective observational multicentre registry of
miscellaneous patients with CS managed in routine practice in primary, secondary and
tertiary centres, 11.9%were triggered by sepsis, resulting in a higher all-cause mortality
rate at 1 month and 1 year. This increase in mortality was observed regardless of whether
sepsis was the sole trigger of CS or not, and independent of the presence of a history of
chronic cardiomyopathy. Sepsis is a common trigger for CS and has been associated with
worse outcomes in critically ill patients [20]. Our results showed that patients with sepsis-
triggered CS had significantly higher short-term mortality rates compared with those
without sepsis.



FRENSHOCK registry
Patients with C5
April to October 2016
n=772

5 with sepsis (5 without sepsis
n=92 (11.9%) n =680
Died at 1 month Adjusted HR* = 1.94 [1,35-2.75) Died at 1 month
n =38 ([41.3%) p < 0.01 n = 163 (24.0%)
Died at 1 year Adjusted HR® = 1.75 [1.32-2.33] Died at 1 year
n =57 [62.0%) p < 0,01 n = 282 (42.9%)

Fig 1. Siudy flow chart. Each adjusted cutcome analysis incduded significant characteristics found as independent predictive factors in maltivariable analysss and osed as
fixed covariates. 05 cardiogenic shocks HR- hazard ratic. ® Adjustsd for age and dizbetes mellitus. ® Adjustsd for age, active cancer and chranic kidney Failurs.

Specifically, the 1-month death rate was 41.3% in the sepsis group compared with 24% in
the non-sepsis group, with a 1-monthadjusted HR of 1.94 (95% ClI: 1.36-2.76; P < 0.01).
This result is consistent with previous studies that have shown that sepsis is a major
contributor to death in critically ill patients [4], particularly those with chronic
cardiomyopathy [21] or hospitalized for acute heart failure [22], via exacerbation of
preexisting cardiac conditions [8]or a true sepsis-induced cardiomyopathy [11]. In our
study, neither having sepsis as the exclusive CS trigger nor having an antecedent of
chronic cardiomyopathy had any impact on death rates at 1 month and 1 year, reinforcing
again that sepsis is a strong and independent predictive factor for death in CS. It is
noteworthy that, despite this heavy burden, most scores intended for the stratification of
the severity of CardShock (CS, Cardiogenic Shock Score, IABP-SHOCKII)do not
consider the presence of concurrent sepsis. The Society for Cardiovascular Angiography
and Interventions (SCAI) SHOCK stage classification [23] seems to perform better than
the Sequential Organ Failure Assessment (SOFA) cardiovascular subscore for death risk
stratification in patients in the CICU with sepsis and concomitant cardiovascular disease
or mixed sepsis-CS [2].

Of note, patients with sepsis-triggered CS had more severe initial clinical and laboratory
variables, including lower blood pressure, and a higher incidence of acute kidney and liver
injuries, which are well-known indicators of critical and severe state [24,25]. Organ
support therapies, such as assisted ventilation (invasive and non-invasive) and acute renal
replacement therapy, were also required more frequently in the sepsis group.



Our data shed light on the complexity of managing patients with CS and concomitant
sepsis, illustrated by a poorer 24-hour recovery in the sepsis group in terms of clinical and
biological variables. Indeed, although rapid fluid resuscitation is the cornerstone of septic
shock management, patients with sepsis-triggered CS had more signs of left and right
congestion, limiting usual fluid management for sepsis-associated vasoplegia and
hypotension. This is consistent with past studies that have shown that patients with sepsis
often present with fluid overload as a result of capillary leaks and vasodilation [26]. Fluid
overload and its persistence are strongly associated with a higher death rate in patients
with sepsis [27], and patients with sepsis as a trigger for CS will usually require diuretics
for decongestion. Conversely, if the sepsis is not properly controlled, the same patient
might progress to septic shock requiring fluid resuscitation because of the relative
hypovolaemia induced by the vasoplegic shock. Thus, the optimal approach to fluid
therapy in patients with sepsis with concurrent CS remains controversial [28], and further
studies are needed to determine the optimal timing and volume of fluid resuscitation in
this high-risk population.

Besides, whereas sepsis is known to impair microcirculation and tissue oxygen extraction
[10], patients in the sepsis-triggered group required more extensive use of dobutamine, the
effect of which on microcirculation remains a matter of debate, as it may worsen tissue
hypoxia by increasing oxygen demand without improving oxygen delivery [29]. There is
mounting evidence that inotropic agents, such as dobutamine, may not improve outcomes
in septic shock, and may even be harmful in certain patients [30], with some studies (still
highly debated) showing that beta-blockers may have beneficial effects in sepsis and
septic shock [31,32].

Levosimendan — used in only seven patients in the sepsis group (8.6%) — may be a
potential therapeutic alternative based on its anti-inflammatory properties,
microcirculation improvement and associated effect on cardiac output [17]. However, it
has not demonstrated substantial efficacy in reducing organ dysfunction or mortality in
sepsis, and is not currently recommended [33].

In the context of sepsis, the management of aMCS become seven more challenging
because of the complexity of the underlying pathophysiology. Our study showed that
among the 13 patients in the sepsis-triggered CS group, 12 were supported with
extracorporeal life support (ECLS) and one with the Impella®device (Abiomed, Danvers,
MA, USA). The use of ECLS for isolated sepsis without severe left ventricular depression
is a matter of debate, with dis-appointing results reported in the literature [34]. Indeed,
whereas ECLS represents a very effective circulatory support in the setting of CS [35],
resulting mainly from a drop in cardiac output, its benefit in the context of vasoplegic
shock as observed in sepsis is highly questionable. However, it has been suggested that
ECLS may be more effective in patients with sepsis-associated cardiac dysfunction [12].
Other devices, such as Impella®, may offer an alternative option for circulatory support in



patients with CS and sepsis, with the limitation that this device does not allow
oxygenation, which is often compromised in patients with sepsis. The decision to initiate
MCS should be based on the severity of the CS and the presence of cardiac dysfunction,
as well as the potential benefits and risks associated with the selected device.

Table 1
Baseline characteristics af the FRENSHOCK population, comparing patients with sepsis-triggered versus non-sepsis-triggered cardiogenic shock.

Overall population Sepsiz group Nan-sepsis group Raw Corrected Povalue
(r=T772} (n=52] {n=G80] Povalu=
Age [years) G54+ 14.8 E57+ 149 064 L.BS
Male sex 487 [T1.6) 0.90 008
Body mass imdex (kgfim?} 250+ 55 (n= 653} o1z 03l
Risk factors
Dizbetes mellitns 191 [2B2) (n= G7E) 100 1.00
Hypert=nzion A24 (47.7) (n= &7' 050 075
Dhyskipidasmia I5{3R0) 3} OGS D.BG
Cuwrrent snoker 12 {250)[n=B5) 080 03
Medical history
Peripheral artery dissase 5(163}) TE(11.3)[n =675} o7 040
Chranic Kidney disease 13 {25.0) 141 (20.8) (n= 673} 034 061
coen Qo8] 41 (60} {n= 679) 018 0.40
KD 14{152) 113 (16.6) (n= 673} O.8E 097
Active cancer 13{14.1) AB(56)(n=679) =001 unz
Seroke 7 (78] 55 (8.1} {n=679) 1.00 1.00
History of cardiac disease
Al camses 374 (55.1) (n= G73) 02 03l
Eschaemic ¢ 3] {m=G73) 0,40 OET
Hypertrophic = 679] 100 1.00
Taxic 042 .68
Dilaged o7 051
WVaklvular 023 o047
Hypert=nsive s o4l
Prewious medications
Aspirin | 252 (37 2)(n=GTB) 07 0.B9
Witamin K antagonist T70] 13E (20.4) (n= G7E) 0058 LR ]
Diirect oral anticoagulant 33 53(78)(n=G678) 014 0as
ACE inhibitors 40{415) 252 (17 2] (n= G7B) 025 048
Sacubitril ealsartan 000} {r=507 18{28}{n=63T7) 015 07
Beta-blockers g424) 277 (40.9) (n= G7E) 082 093
Seatins I9{42.4) 247 (36.4) (n=- G7E) 030 0.54
Loop diwnstics 45 (48.9) 331 (4B.8) (n= G7E) 1.00 .00
Aldosteroms antagonist I15{163) 03137 )in=E6TE} 052 076
Amiodarane 16{17.4) 116 (17.6) {n= GE0) 1.00 .00

Data are expressed a5 mean + standand deviation or number (X} ACE: angiotensin-converting eseyme; 00PD: chronic cbstructive pulmanary disease; WD implantable
cardioverter-defibrillator.

Additionally, our study revealed that sepsis-triggered CS was also associated with worse
long-term outcomes, as illustrated by an increased 1-year all-cause death rate (adjusted
HR: 1.75,95% CI: 1.32-2.33; P < 0.01). This finding is important, as previous studies
have suggested that sepsis may lead to persistent organ dysfunction and impaired long-
term survival (post-sepsis syndrome) [36, 37]. Indeed, long-term survival largely relies on
the severity of sepsis and the degree of organ dysfunction [38]. Although we have
accounted for all-cause deaths, there is emerging evidence that sepsis may be associated
with an increased risk of long-term cardiovascular events [39], potentially as a result of
persistent inflammation [40], persistent dyslipidaemia [41] and accelerated vascular
senescence [42]. This highlights the need for continued follow-up of sepsis survivors
beyond the acute phase, with a focus on assessing and managing long-term cardiovascular
risk.



Table 2

Clinical, echocardiographic and biclogical initial presentation, comparing patients with s=psis-triggered wersus non-sepsis-triggered cardiogenic shock

Owerall population Sepsis group Nan-sepsis group Haw Corrected Povalue
(n=T72) {n=92} {n=680) Povaloe
(Climical presentation at admissian
3BP {mmHg) 10124252 [n=T70] 985+ 267 (n=91) 1016+ 24.9 [r=5759) 010 028
DBP (mmkg) 632 +17.4 (n=769) 584+ 174(n=91) E3.7+ 174 (n=-E78) om D4e
MBP [mmHz) 749+ 183 [n= 767) T2 +175(r=01) 755+ 184 (n=676) <001 o3
Simus rirythm 399 (52.0) =768} 50(55.6) (n=90) 345 [51.5) (r= GTE) 050 075
Left heart failure 3547190 (m=770) T4[B1.3}{n=191) 480 [70.7) (m= G79) 0m 1Ak
Right heart Eilure 377 (49.0) (n=T768) 56 (61.5)(n=91) 121 (47 4)(r=G677) o i)
Mottling 256 (3B.E) (m= G50 34447} (n=TE) 232 [IB.0) (m=584) 026 050
Cardiar arrest 79(102){n=T71) 1(23) T {11.3)[n=65) <001 ooz
Blood tests at admission
Creatinine [umcl/L} 133.0 [56.0-190.0) 1500 131.0[54.0- 1860 [1]1] 1Ak
(n=761) (107 B-HIB.E) (n=EE9)
Bilirubin {mg/L) 16.0{9.0-290) [n =544 14.0({8.0-26.0) 16.0{9.5-290) [r=475) a4 070
(= 5]
Haemoglabin [g/dL) 126{11.0-140) (=754} 12.0{10.0-13.0) 130{11.0-14.0) {n= GEL) <001 <001
(=50
Arterial blood lactates (mmollL) 30 (20-47) (r=G84) 30 [20-55) 10(20-43) (n=B01) (L] 04l
(n=83}
FT(%) 580(37.0-77.0) (r=731) 50.0(2RI-673) GO0 {3B0-7810) (n= 643} <001 ooz
(m= B8]
NT-proBNP (pgimL) G765 (4057 8-227025) 10,500.0 BE4ND(3509.0-21 455.0) o7 040
(n=224) {5373.5-26,900.0) (n=183)
{n=31}
BNP {pgfmL) 1150.0 (476E-2757.3) 13430 11445 (4700-27420) 076 089
(n=264) (532E-Z800.0) (n=230)
(m=3d]
CRP{megfL) 2E.0(9.0-650) [n =406 TI.0(380-1820) 24 0{B.0-56.0) (= 341) 050 075
{n=65)
Baseline echocardiography
LVEF [£) 263 +13.4 (n=7E3) 2EE+ 126 162+ 135(n=E71) 0.50 035
TAPSE {mm) 1300 100 16.0) {r=259) 140100 16.0) 13.0{100-16.0) {n=226) 060 082
{n=133)
P3Vitdi (cmjs) BD(E0-110)(n=206) 95(R3-120) B.0(G0-10.0)(n=1ED) 0.1B 040
(n=25)
EJA ratio 20(1.1-2B)(r=50) 245(12-14) 1.E(1.0-17)(r=73} 024 D48
(o= 17)
Eje’ ratio 117 {74-15E) [n=117) 135(63-16.8) 11.7{7.6-15.5) [m=B4) 0E PLry
(n=23]
Sewere mitral regurgitation 107 {146) [r=733) 13(148)({n=88) G4 (14.6) [n=645) 1.00 1.00
Severe aortic st=nosis 3G(47) (n=T758) G{6.7){n=50) 30145} {n=5E3) 042 BB

Data are expressed a5 mean £ standard deviation, number (%] or median (interquartile range]l BRP: brain natrivretic peptide; CRP: C-reactive protein; DBP: dizstolic blood
preszure; LVEF: left ventricular ejection fraction; MBP: mean bood pressure; NT-praBNP: N-terminal prabormene af brain natriuretic peptide; PSVedi: peak systolic velocity

tissue Doppler imaging; PT: prothrombin time; SBP- systalic blood pressure; TAPSE: tricuspid annular plane systolic excursion

Table 3
In-hospital management, comparing patients with sepsis-triggened versus non-s=psis-triggered cardiogenic shock.
Overall population Sepis group RNian-sepsis group Kaw Povalos Corrected Povalue
(=772} [n=82) (=GB

Medications ussd
Dabutamine 632 {823} [n=T708) E2 {901} (r=01) 550{B12) {m=B677) 104 016
Morepinephrine 4100534} [n=758] BG(7T15)(r=81) 344 (50B) (n= 67T} <001 <001
Epinephrine 95{124){n=TEE) 14{154)(n=81] B1{1200{(n=B1T) 040 L&
Levosimendan 57(7.4) (==TG8) 7 (EE)(r=01) 50(7.4) (n=677) 183 083
Loop diunstics 467 (674} [n=EE3] 47 (SEE)(r=B0) 410 {6B5) (=613} 110 028
Thiazide diuretics 27 [4.0) (= GE2) G(7.5) (n=B0) 21 (5] (n= G02) 01z 031
Aldesterane antagenist A1 {13.1){n= 553} 8i{113){n= 8D} B2{134){n=-E13) 07 0.B9

Respiratory support
Mon-invasive 158 (25.8) (=708} I3 (363)(r=01) 165 {244} {r= 677} 02 111
[nvasive 290 (37.8) [n=758] 48(517)[r=81) 243(358) (n= 67T} <001 00z

Shart-term mechanical cinculatory suppart
Owerall 135{17.6) (n=TE9) 12{13.0) 123 (1B2) (r=G77) 025 048
LABP 48 (6.3) (==T7G8) 0(0) 48 (7.1) (n=G76) <001 002
Impell:® device 26(1.4) (r=T68) 1{L1) 15(1.7) (n=670) 135 065
ECLS B5{11.13(n=755) 11{120) 14{105)(n=B77) 07z 0.B9

Renal replacement therapy 122158} (n=771) 17 (297 )(r=01) 95140 <001 <001

Data are expressed as number (£). ECLS: extracorporeal life support; IABP: intra-aortic balloon pump.
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Fig 2. Short- and long-term mortality outcomes after cardiogenic shock ((S) comparing sepsis-triggerad and other patients with CS. A One-month overall mortality. B One-
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were estimated using Cox regression models. According to significant characteristics found as mdependent predictive factors in multivariable analyses, 1-month mortality
was adjusted for age and diabetes mellitus, and 1-year mortality was adjusted for age, active cancer and chronic kidney disease.
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Fig 3. Short- and loag-term mortality outcomes after cardiogenic shock (CS) based on the exclusive or non-exclusive sepsis trigger. A. One-month overall mortality. B. One-
year moctality. The cumulative incidences of 1-ye=ar and | -manth mortality were estimated using the Kaplan-Meier method; hazard ratios (HRs) and 95% confidence intervals
were estimated using Cox regression models. According to significant characteristics found as mdependent predictive factors in multivariable analyses, 1-month mortality
was adjusted for age and diabetes mellitus, and 1-year mortality was adjusted for age, active cancer and chronic kidney disease.

5.1. Study limitations

Because there is still no consensus definition [9], we were unable to differentiate CS with
sepsis-induced cardiomyopathy from other forms of CS based on the available data, and
therefore we cannot formally establish their specific prognoses. Although we used Sepsis-3
criteria [3] for patient grouping, we were unable to distinguish between sepsis and septic
shock. Unfortunately, our dataset lacks comprehensive information regarding the specific type
of sepsis, microbiological results and details of the initial inflammatory response and infection
variables (such as white blood cell count, temperature, antimicrobial therapy and identified
pathogens). This limitation hinders a more nuanced understanding of the characteristics and



management of sepsis in the context of CS. Secondly, the diagnosis of sepsis was based on
the Sepsis-3 criteria, and was reported as such by the investigators, but without detailed
information on the diagnostic or therapeutic modalities employed for sepsis management,
such as duration and type of antibiotics. This lack of granularity in the data may limit the
interpretation of sepsis-related outcomes and the assessment of treatment effective-ness.

Although the decision to use all-cause death rate as the primary outcome was intentional, and
reflects the daily reality of the many co-morbidities associated with heart failure, future
studies could also examine specific cardiovascular outcomes to determine any differences
from all-cause deaths. Additionally, we acknowledge the importance of understanding the
potential impact of sepsis on care decisions, such as temporary contraindications for heart
transplantation or left ventricular assist device placement, and the potential influence of
sepsis-associated multiorgan failure on withdrawal decisions. Therefore, the inclusion of
cause-specific death data in future studies could provide valuable insights into these aspects of
patient care. As previously reported [1], the FRENSHOCK registry involves risks of selection
bias related to non-consecutive inclusions or exclusion of the most severe cases, with specific
inclusion and exclusion criteria limiting the applicability to all patients with CS. We were
unable to use the SCAI SHOCK stage classification given that it was not yet available at the
time of our study.

6. Conclusions

The association between sepsis and CS represents a common and high-risk scenario, leading
to an increase in short- and long-term deaths, which persists, regardless of the association
with other CS triggers or the presence of preexisting cardiomyopathy. Acute management is
challenging because of the overlap of conflicting phenomena related to vascular filling and
the use of inotropes/vasopressors, highlighting the crucial need for large clinical trials to
improve patient outcomes (Central Illustration).
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Cardiogenic shock and sepsis: a lethal combination. CM: cardiomyopathy; CS: cardiogenic shock;
HR: hazard ratio; KM: Kaplan—Meier analysis.

Sources of funding

The study was sponsored by the Fédération francaise de cardiologie, and was funded by
unrestricted grants from Dalichi Sankyo and Maquet SAS.

Acknowledgments

FRENSHOCK is a registry of the French Society of Cardiology, managed by its Emergency
and Acute Cardiovascular Care Working Group. Our thanks go out to all the devoted
personnel of the Sociéte francaise de cardiologie who participate in the upkeep of the registry.
The authors are deeply indebted to all the physicians who took care of the patients at the
participating institutions.



Disclosure of interest

The authors declare that they have no competing interest.

References

[1] Delmas C, Roubille F, Lamblin N, Bonello L, Leurent G, Levy B, et al. Baseline
characteristics, management, and predictors of early mortality in cardiogenic shock: insights
from the FRENSHOCK registry. ESC Heart Fail 2022;9:408-19.

[2] Jentzer JC, van Diepen S, Hollenberg SM, Lawler PR, Kashani KB. Shock
severityassessment in cardiac intensive care unit patients with sepsis and mixed septic-
cardiogenic shock. Mayo Clin Proc Innov Qual Outcomes 2022;6:37-44.

[3] Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al.
The Third International Consensus Definitions for Sepsis and Septic Shock(Sepsis-3). JAMA
2016;315:801-10.

[4] Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, et al. Global,
regional, and national sepsis incidence and mortality, 1990-2017: analysis forthe Global
Burden of Disease Study. Lancet 2020;395:200-11.

[5] Demailly Z, Besnier E, Tamion F, Lesur O. Ventriculo-arterial (un)coupling in septic
shock: impact of current and upcoming hemodynamic drugs. Front Cardiovasc Med
2023;10:1172703.

[6] Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C, et al.
Surviving sepsis campaign: international guidelines for management of sepsis and septic
shock 2021. Crit Care Med 2021;49:e1063-143.

[7] Drozd M, Garland E, Walker AMN, Slater TA, Koshy A, Straw S, et al. Infection-related
hospitalization in heart failure with reduced ejection fraction: a prospective observational
cohort study. Circ Heart Fail 2020;13:e006746.

[8] Parenica J, Jarkovsky J, Malaska J, Mebazaa A, Gottwaldova J, Helanova K, et al.
Infectious complications and immune/inflammatory response in cardiogenic shock patients: a
prospective observational study. Shock 2017;47:165-74.478

[9] Boissier F, Aissaoui N. Septic cardiomyopathy: diagnosis and management. J Intensive
Med 2022;2:8-16.

[10] Carbone F, Liberale L, Preda A, Schindler TH, Montecucco F. Septic cardiomyopathy:
from pathophysiology to the clinical setting. Cells 2022;11:2833.

[11] Hollenberg SM, Singer M. Pathophysiology of sepsis-induced cardiomyopathy. Nat Rev
Cardiol 2021;18:424-34.



[12] Brechot N, Hajage D, Kimmoun A, Demiselle J, Agerstrand C, Montero S, et al.
Venoarterial extracorporeal membrane oxygenation to rescue sepsis-induced cardiogenic
shock: a retrospective, multicentre, international cohort study. Lancet 2020;396:545-52.

[13] Kohsaka S, Menon V, Iwata K, Lowe A, Sleeper LA, Hochman JS, et al. Micro-
biological profile of septic complication in patients with cardiogenic shock following acute
myocardial infarction (from the SHOCK study). Am J Cardiol2007;99:802—4.

[14] Nguyen M, Gautier T, Masson D, Bouhemad B, Guinot PG. Endotoxemia in acute heart
failure and cardiogenic shock: evidence, mechanisms and therapeutic options. J Clin Med
2023;12.

[15] Dolmatova EV, Wang K, Mandavilli R, Griendling KK. The effects of sepsis on
endothelium and clinical implications. Cardiovasc Res 2021;117:60-73.

[16] Cuinet J, Garbagnati A, Rusca M, Yerly P, Schneider AG, Kirsch M, et al. Cardio-genic
shock elicits acute inflammation, delayed eosinophilia, and depletion of immune cells in most
severe cases. Sci Rep 2020;10:76309.

[17] Urina Jassir D, Chaanine AH, Desai S, Rajapreyar |, Le Jemtel TH,.
Therapeuticdilemmas in mixed septic-cardiogenic shock. Am J Med 2023;136:27-32.

[18] Delmas C, Puymirat E, Leurent G, Elbaz M, Manzo-Silberman S, Bonello L, et al.
Design and preliminary results of FRENSHOCK 2016: a prospective nationwide multicentre
registry on cardiogenic shock. Arch Cardiovasc Dis2019;112:343-53.

[19] Karsenty C, Touafchia A, Ladouceur M, Roubille F, Bonnefoy E, Bonello L, et al.
Cardiogenic shock in adults with congenital heart disease: insights from the FRENSHOCK
registry. Arch Cardiovasc Dis 2023;116:390-6.

[20] Brun-Buisson C, Meshaka P, Pinton P, Vallet B, EPISEPSIS Study Group. EPISEP-SIS:
a reappraisal of the epidemiology and outcome of severe sepsis in French intensive care units.
Intensive Care Med 2004;30:580-8.

[21] Vindhyal MR, Lu LK, Ranka S, Acharya P, Shah Z, Gupta K. Impact of underlying
congestive heart failure on in-hospital outcomes in patients with septic shock. J Intensive Care
Med 2022;37:965-9.

[22] De Matteis G, Covino M, Burzo ML, Della Polla DA, Franceschi F, Mebazaa A, et al.
Clinical characteristics and predictors of in-hospital mortality among older patients with acute
heart failure. J Clin Med 2022;11:4309.

[23] Naidu SS, Baran DA, Jentzer JC, Hollenberg SM, van Diepen S, Basir MB, et al. SCAI
SHOCK stage classification expert consensus update: a review and incorporation of validation
studies: this statement was endorsed by the American College of Cardiology (ACC),
American College of Emergency Physicians (ACEP),American Heart Association (AHA),
European Society of Cardiology (ESC) Asso-ciation for Acute Cardiovascular Care (ACVC),
International Society for Heartand Lung Transplantation (ISHLT), Society of Critical Care



Medicine (SCCM),and Society of Thoracic Surgeons (STS) in December 2021. J Am Coll
Cardiol2022;79:933-46.

[24] Cherbi M, Bonnefoy E, Puymirat E, Lamblin N, Gerbaud E, Bonello L, et al. Cardio-
genic shock and chronic kidney disease: dangerous liaisons. Arch CardiovascDis
2024;117:255-65.

[25] Kobashi H, Toshimori J, Yamamoto K. Sepsis-associated liver injury: incidence,
classification and the clinical significance. Hepatol Res 2013;43:255-66.

[26] Brown RM, Semler MW. Fluid management in sepsis. J Intensive Care
Med2019;34:364—73.

[27] Acheampong A, Vincent JL. A positive fluid balance is an independent prognos-tic
factor in patients with sepsis. Crit Care 2015;19:251.

[28] Wichmann S, Barbateskovic M, Liang N, Itenov TS, Berthelsen RE, Lindschou J, et al.
Loop diuretics in adult intensive care patients with fluid overload: a systematic review of
randomised clinical trials with meta-analysis and trial sequential analysis. Ann Intensive Care
2022;12:52.

[29] Hernandez G, Bruhn A, Luengo C, Regueira T, Kattan E, Fuentealba A, et al. Effects of
dobutamine on systemic, regional and microcirculatory perfusion parameters in septic shock:
a randomized, placebo-controlled, double-blind, crossover study. Intensive Care Med
2013;39:1435-43.

[30] Sato R, Nasu M. Time to re-think the use of dobutamine in sepsis. J Intensive Care
2017:5:65.

[31] Lescroart M, Pequignot B, Kimmoun A, Klein T, Levy B. Beta-blockers in septic shock:
what is new? J Intensive Med 2022;2:150-5.

[32] Morelli A, Ertmer C, Westphal M, Rehberg S, Kampmeier T, Ligges S, et al. Effect of
heart rate control with esmolol on hemodynamic and clinical outcomes in patients with septic
shock: a randomized clinical trial. JAMAZ2013;310:1683-91.

[33] Gordon AC, Perkins GD, Singer M, McAuley DF, Orme RM, Santhakumaran S, et al.
Levosimendan for the prevention of acute organ dysfunction in sepsis. N Engl J Med
2016;375:1638-48.

[34] Ro SK, Kim WK, Lim JY, Yoo JS, Hong SB, Kim JB. Extracorporeal life support for
adults with refractory septic shock. J Thorac Cardiovasc Surg 2018;156:1104-9[e1].

[35] Salter BS, Gross CR, Weiner MM, Dukkipati SR, Serrao GW, Moss N, et al. Temporary
mechanical circulatory support devices: practical considerations for all stakeholders. Nat Rev
Cardiol 2023;20:263-77.



[36] Annane D, Sharshar T. Cognitive decline after sepsis. Lancet Respir Med2015;3:61—
9.[37] Mostel Z, Perl A, Marck M, Mehdi SF, Lowell B, Bathija S, et al. Post-sepsis
syndrome-an evolving entity that afflicts survivors of sepsis. Mol Med2019;26:6.

[38] Schuler A, Wulf DA, Lu Y, Iwashyna TJ, Escobar GJ, Shah NH, et al. The impact of
acute organ dysfunction on long-term survival in sepsis. Crit Care Med2018;46:843-9.

[39] Kosyakovsky LB, Angriman F, Katz E, Adhikari NK, Godoy LC, Marshall JC, et al.
Association between sepsis survivorship and long-term cardiovascular out-comes in adults: a
systematic review and meta-analysis. Intensive Care Med2021;47:931-42.

[40] Soehnlein O, Libby P. Targeting inflammation in atherosclerosis — from experimental
insights to the clinic. Nat Rev Drug Discov 2021;20:589-610.

[41] Laudanski K. Persistence of lipoproteins and cholesterol alterations after sepsis:
implication for atherosclerosis progression. Int J Mol Sci 2021;22:10517.

[42] Merdji H, Schini-Kerth V, Meziani F, Toti F. Long-term cardiovascular complications
following sepsis: is senescence the missing link? Ann Intensive Care2021;11:166.479






