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A B S T R A C T   

Background: In cardiogenic shock (CS), contractile failure is often accompanied by a systemic inflammatory 
response syndrome. In contrast, many patients with septic shock (SS) develop cardiac dysfunction. A similar 
hemodynamic support strategy is often deployed in both syndromes but it is unclear whether this is justified 
based on profiles of biomarkers expressing neurohormonal activation and cardiovascular stress. 
Methods: In this prospective, multicenter cohort, 111 patients with acute myocardial infarction related CS were 
identified, and matched to patients with SS. Clinical parameters were collected and blood samples were obtained 
on day 1–3 of Intensive Care admission. 
Results: In this shock cohort comprising 222 patients, with a mean age of 61 (±13.5) years and of whom 161 (37 
%) were male, we found that despite obvious clinical disparities on admission, mortality at 30-days did not differ 
(CS: 40.5 % vs. SS 43.1 %, p = 0.56). Overall, plasma concentrations of all biomarkers were higher in SS patients, 
with the largest difference on the first day. However, only in CS patients the biomarker concentrations were 
associated with mortality. 
Conclusion: In this prospective, multicenter cohort SS and CS patients showed similarities in baseline conditions 
and had similar mortality. However, several biomarkers only showed prognostic value in CS.   

1. Introduction 

Cardiogenic shock (CS) is a devastating clinical condition with a high 
mortality up to 50 %. [1] Apart from early revascularization very little 
has been shown to improve clinical outcome in these patients. [2] It is 
therefore important to find clinical markers that may help to understand 
the CS syndrome. Although CS is primarily characterized by loss of 
myocardial contractility leading to hypoperfusion, it is often compli-
cated with a systemic inflammatory response syndrome (SIRS-) like 
response, caused by activation of the neurohormonal cascade secondary 
to hypoperfusion of organs. [3] Several studies have shown that CS 

patients with SIRS or sepsis have a higher risk of death than CS patients 
in whom this cascade has not been activated. [4–7] Additionally, in 
septic shock (SS), up to half of the patients show potential reversible 
systolic or diastolic cardiac dysfunction, which is associated with poor 
outcome in SS patients. [8,9] 

Despite being admitted with different shock etiologies, both CS and 
SS patients are critically ill from a clinical, biochemical and hemody-
namical perspective and the phenotype of shock may be more mixed 
within days after hospitalization. Furthermore, patients are often sup-
ported in an identical manner in terms of pharmacologic hemodynamic 
support. It has already been demonstrated that biomarkers that are 
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known to be elevated in sepsis, also may be increased in CS patients. 
[10–14] However, it is unclear whether the level of activation and the 
increase in biomarkers are comparable between CS and SS patients and 
whether they have the same association with outcome. This could be of 
interest as is it not yet established whether these biomarkers should be 
used for clinical guidance. Therefore, the primary goal for this study was 
to compare consecutive CS patients and matched SS patients on levels 
and course of different biomarkers and their association with clinical 
outcome. 

2. Materials and methods 

2.1. Design and populations 

The study was part of the Molecular Diagnosis and Risk Stratification of 
Sepsis (MARS) project, a prospective observational cohort study in the 
mixed ICUs of two tertiary teaching hospitals (NCT01905033). [15] All 
patients older than 18 years admitted to the two ICUs between January 
2011 and January 2014 were included, with the exemption of elective 
cardiac surgery patients. For the current study, all patients admitted 
with cardiogenic shock due to ST-elevation myocardial infarction 
(STEMI) between January 2011 and September 2013 were screened, and 
included if they were revascularized by means of percutaneous coronary 
intervention (PCI). Subsequently, these patients were matched with SS 
patients from the MARS cohort by age and sex in a 1:1 ratio. 

Cardiogenic shock was defined as: sustained hypotension (systolic 
blood pressure < 90 mmHg) and/or usage of inotropes / vasopressors 
and/or mechanical circulatory support for hypotension for more than 
30 min on admission to the ICU. Septic shock was defined as: the pres-
ence of an infection diagnosed within 24 h after ICU admission in 
combination with the use of noradrenaline in a dose of more than 0.1 
µg/kg/min and/or mechanical circulatory support for hypotension 
during at least 50 % of the ICU day. 

2.2. Sample size and matching 

As a comparison on biomarkers between the two etiologies of shock 
was not investigated priorly, the current study was exploratory in na-
ture. To have the best available statistical power, all CS patients with 
blood samples available were included and compared to matched SS 
patients in a 1:1 ratio. Matching was done on age (range: ± 3 years) and 
sex. 

2.3. Study parameters 

Clinical parameters included hemodynamic parameters (e.g. mean 
arterial pressure [MAP], heart rate [HR], central venous pressure 
[CVP]), the extent of organ failure (measured with the Sequential Organ 
Failure Assessment [SOFA] score) and were retrieved from the elec-
tronic patient file. 

A selection for various biomarkers was made based on contemporary 
literature. We focused on different systems to investigate their prog-
nostic value for clinical outcome. Blood samples for biomarker analyses 
were obtained every morning on day 1, 2, and 3 after ICU admission. 
(Surrogates for) the following biomarkers were chosen, reflecting:  

I. Cardiovascular stress: Atrial natriuretic peptide (ANP)  
II. Neurohormonal status: Copeptin, adrenomedullin (ADM), 

endothelin-1 (ET-1)  
III. Inflammation: C-reactive protein (CRP)  
IV. Tissue hypoperfusion: Lactate  
V. Renal function: Creatinine 

For reliable results, stable surrogates were measured with assays 
from Thermo Fischer Scientific for ADM, ANP and ET-1; mid-regional 
pro-adrenomedullin (MRproADM), mid-regional pro-atrial natriuretic 

peptide (MRproANP) and C-terminal proendothelin-1 (CTproET1) 
respectively. [16–19] 

2.4. Statistical analysis 

Baseline characteristics of CS and SS patients were compared using 
the Chi-squared test (categorical data), Student’s t-test (continuous 
normally distributed data) or Mann-Whitney U test (continuous not 
normally distributed data). Data were presented as mean (SD), median 
(IQR), and proportions (n [%]). 

30-day all-cause mortality was presented with Kaplan–Meier curves 
and compared with the log-rank test. Days alive and out of ICU at 30 was 
calculated as 30, minus the total amount of days spent in the ICU within 
these 30 days for patients who survived until 30 days. People who 
deceased in the ICU automatically had zero days alive and out of ICU. 
This was also calculated on 60 days. 

For comparing survival distributions between high versus low 
biomarker levels, a median-split was performed for each individual 
biomarker, measured on the first day of admission, in each shock group. 
This was done for SOFA-scores on admission in a similar fashion. 

Sequential analyses of biomarkers and clinical parameters were 
conducted using repeated-measures mixed models with an unstructured 
covariance structure. The models included the shock group (CS or SS), 
time, and the interaction term between shock groups and time. The fixed 
type-3 effect of the interaction between shock group and time are re-
ported. Non-gaussian distributed data were log-transformed for nor-
malisation before insertion in the model. A p-value < 0.05 was 
considered statistically significant. Missing data were not imputed. 
Statistical analyses were performed using SAS Enterprise software 
version 7.4 (SAS Institute, Cary, NC, USA). A two-sided p-value < 0.05 
was considered significant throughout. 

2.5. Ethical approval 

Patients were included via an opt-out consent method approved by 
the institutional review boards of both hospitals (IRB No. 10-056C). 
Participants were informed about the study by a brochure provided at 
ICU admission with an opt-out card that could be completed by the 
patient or legal representative in case of unwillingness to participate. 

3. Results 

3.1. Patients 

From all patients in the MARS cohort, 111 were identified with 

Fig. 1. 30-Day survival for cardiogenic shock and septic shock.  
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STEMI and CS treated by PCI. They were matched to 111 SS patients. 
(See Fig. 1 in suppl. for flow-chart). 

Baseline characteristics were quite similar in both groups, but pa-
tients with CS had a higher BMI (27 [±4.6] vs 25 [±4.6] kg/m2, p =
0.01), more often were smokers (16 % vs. 5 %, p = 0.01) and suffered 
from prior myocardial infarction more often (17 % vs. 8 %, p = 0.04) 
whereas SS patients more frequently had COPD (17 % vs. 3 %, p <
0.001) and chronic renal insufficiency (11 % vs. 4 %, p = 0.04) 
(Table 1). Of all CS patients, 61 % (n = 68) presented with an out-of- 
hospital cardiac arrest. SS patients were diagnosed with septic shock 
with different sources of infection, the main being pulmonary (31 %) 
and gastro-intestinal (31 %). 

3.2. Clinical course 

Hemodynamic parameters and SOFA scores are shown in Table 2 
and suppl. Fig. 2. All SS patients were mechanically ventilated at ICU 
admission (vs. 95 % in CS) and the PaO2/FiO2 ratio was significantly 
higher in SS patients (152 vs. 110, p = 0.008). Absolute values for MAP 
were slightly higher in CS patients for all three days whereas the median 
heart rate was lower throughout this entire period. SOFA subscore for 
circulation, however, was 4 for the majority of CS patients, indicating 
that they received high dose catecholamines whereas SS patients scored 
lower for circulation. [20]. The CVP was similar for both shock groups. 
The SOFA score was higher for SS patients throughout the three days and 
they had a longer median length of stay in the ICU compared to CS 
patients [5 vs. 4 days, p = 0.002). 

3.3. Mortality 

Similar 30-day all-cause mortality was seen in SS and CS (43.1 % and 
40.5 % respectively, p = 0.56) (Fig. 1). Of patients who died within 30 
days, the vast majority died in the ICU (CS: 82.2 % vs SS: 89.4 %, p =
0.33). The median time to death for patients who died within 30 days 
was similar for both groups (CS: 3.0 days vs SS: 2.5 days, p = 0.21). Days 
alive and out of ICU at 30 days was 0 (0–21) for SS patients and 24 

(0–27) for CS patients. At 60 day this was 28 (0–51) and 54 (0–57) days 
respectively, thereby showing a significant difference at both time 
points to the disadvantage of septic shock. Survival to hospital discharge 
differed significantly (47 % in SS, 61 % in CS, p = 0.03). 

3.4. Biomarker levels 

Biomarker measurements were available in 178, 165 and 105 pa-
tients on day 1, 2 and 3 of ICU admission, respectively. Compared to SS, 
the plasma concentrations of ADM, copeptin, ANP and ET-1 were lower 
in patients with CS on day 1–3 of ICU admission. Further, the temporal 
changes differed from those in SS patients (Fig. 2). The largest difference 
between the two groups was seen on day one and these differences 
gradually decreased during admission. The biomarker reflecting the 
largest difference was copeptin (64 % difference in medians on day 1) 
whereas there was more resemblance between SS and CS patients with 
regards to the serum levels for ANP (35 % difference on day 1). 

Additionally, we found that in CS patients a trend towards a better 
survival rate was seen for values below the median concentration for 
every biomarker, though only statistically significant for ADM, lactate, 
CRP and creatinine (Fig. 3 and suppl. Fig. 3). This trend persisted when 
conducting a sensitivity analysis which excluded CS patients with lactate 
levels below 2.0 mmol/L (suppl. Fig. 4). In patients with septic shock a 
difference in survival distribution between biomarker quantiles was 
only seen in lactate but absent in all others (Fig. 4 and suppl. figure 5). 

Lactate levels showed a declining course in both shock syndromes 
during the first three days. In CS however, an evident rise in CRP was 
seen, from 27 (9–84) mg/L on admission to 175 (111–246) mg/L on the 
third day (suppl. table 1). On all three days, creatinine levels were 
higher in patients with SS compared to CS, though only statistically 
significant on the first day. 

4. Discussion 

4.1. Main results 

Our study reveals that patients with CS and SS show many similar-
ities in terms of patient characteristics, 30-day mortality and hemody-
namic parameters but distinct differences in the degree of neurohumoral 
and inflammatory activation. 

Regarding the baseline characteristics, CS patients more frequently 
had a history of cardiovascular disease and a higher cardiovascular risk. 
[21,22] Patients with SS however were more frequently immunocom-
promised and more often had COPD, making them more vulnerable to 
fulminant infections.[23] 30-Day mortality did not differ between 
groups and was around 40 %, which is in line with reports from other 

Table 1 
Baseline characteristics.   

Septic shock (n 
= 111) 

Cardiogenic shock 
(n = 111) 

p-value 

Age, mean (SD) 61 (14) 62 (13)  0.33 
Male sex, n(%) 72 (65) 89 (80)  0.01 
BMI, mean (SD) 25 (4.6) 27 (4.6)  0.01 
Chronic cardiovascular 

insufficiency, n (%) 
6 (5.4) 1 (0.9)  0.05 

Chronic renal insufficiency, 
n (%) 

12 (11) 4 (3.6)  0.04 

COPD, n (%) 19 (17) 3 (2.7)  < 0.001 
Diabetes, n (%) 25 (23) 14 (13)  0.05 
Hypertension, n (%) 32 (29) 25 (23)  0.28 
Previous myocardial 

infarction, n (%) 
9 (8.1) 19 (17)  0.04 

Congestive heart failure, n 
(%) 

6 (5.4) 5 (4.5)  0.76 

Current smoking status 
(yes), n (%) 

6 (5.4) 18 (16)  0.01 

Immune deficiency, n (%) 20 (18) 3 (2.7)  < 0.001 
Malignancy, n (%) 21 (19) 3 (2.7)  < 0.001 
Laboratory values on admission, median (IQR) 
Creatinine 141 (82 – 212) 112 (83 – 164)  0.01 
CRP 170 (85 – 306) 27 (9 – 84)  < 0.001 
Lactate 3.7 (2.0 – 9.5) 3.9 (2.6 – 7.2)  0.85 
WBC 15.9 (9.2–21.5) 14.9 (12.1–18.7)  0.31 
APACHE IV on admission 78 (62–116) 93 (77–116)  0.01 

BMI = body mass index, kg/m2; COPD = chronic obstructive pulmonary dis-
ease; STEMI = ST-segment elevated myocardial infarction; Creatinin in µmol/L; 
CRP = C-reactive protein, mg/L; Lactate in mmol/L; WBC = white blood cell 
count, x 109/L. 

Table 2 
Hemodynamic parameters and SOFA score, highest values on day 1–3 of ICU 
admission.   

Septic Shock Median 
(IQR) 

Cardiogenic Shock 
Median (IQR) 

p-value 

Day 1 MAP 69 (62 – 77) 71 (67 – 81) 0.05 
HR 97 (83 – 116) 73 (59 – 85) < 0.0001 
CVP 11 (7–17) 14 (9 – 17) 0.06 
SOFA 10 (8–14) 8 (6 – 9) < 0.0001 

Day 2 MAP 71 (65 – 79) 75 (69 – 85) 0.01 
HR 102 (86 – 114) 87 (77 – 105) 0.0003 
CVP 12 (8 – 16) 14 (10 – 18) 0.14 
SOFA 10 (8 – 15) 9 (7 – 11) < 0.0001 

Day 3 MAP 73 (70 – 81) 81 (73 – 91) 0.02 
HR 96 (83 – 111) 90 (75 – 104) 0.12 
CVP 12 (9 – 17) 12 (10 – 15) 0.41 
SOFA 11 (8 – 14) 8 (6 – 11) 0.0003 

CVP = central venous pressure, mmHg; SOFA = sequential organ failure 
assessment; MAP = mean arterial pressure, mmHg; Lactate in mmol/L; CRP =
c-reactive protein, mg/L; Creatinine in µmol/L. 
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cohorts of patient with shock. [1,24,25]. 
During the first days of ICU admission, a significantly higher MAP 

was seen in the CS group. This is possibly pharmacologically induced 
since CS patients had higher SOFA circulation subscores, indicating that 
they received high dose catecholamines more often than SS patients. 
Median length of stay in the ICU was shorter for CS patients, also when 
corrected for mortality by means of calculating days alive and out of 
ICU. This indicates that when CS patients live through the first couple of 
days of admission, their time spent on the ICU is relatively short whereas 
patients with SS tend to stay in the ICU considerably longer. 

4.2. Biomarkers investigated 

Lactate is an intermediate product in the metabolism of carbohy-
drates and serves as a marker for tissue hypoperfusion. Creatinine serves 
as a marker of renal function and it has been demonstrated that creati-
nine clearance is independently associated with mortality in STEMI 
patients. [26] CRP is an acute phase reactant and the most commonly 
used biomarker for systemic inflammation. 

Both ADM and ET-1 are produced by endothelial cells and play a 
major role in vasotonus. [27] Whereas ADM is an important vasodilator, 
ET-1 functions as a strong vasoconstrictor. ADM is released by various 
tissues in response to different hormonal and cytokine stimuli and can 
thus be considered as a marker for generalized cardiovascular stress, 
neurohormonal activation and inflammatory response. [28] Atrial 
natriuretic peptide, just like ADM, is a diuretic and natriuretic peptide. It 
is secreted by both atrial and ventricular cardiomyocytes in reaction to 
volume expansion and end-diastolic wall stress and has therefore widely 
been used as a marker for heart failure just like the generally used brain 
natriuretic peptide (BNP). [29] The choice to measure ANP was made 
because data suggest that it is released faster in response to cardiac 
ischemia whilst having a similar predictive value. [30] The neurohor-
mone copeptin is a stable and sensitive surrogate marker for arginine 
vasopressine; a strong vasoconstrictor released in reaction to changes in 
plasma osmolality and hypovolemia.[31] 

With endothelial activation being a hallmark of sepsis, both ADM 
and ET-1 have extensively been investigated in this context. [10] Both 
have shown markedly elevated levels in septic patients and correlate 

Fig. 2. Biomarker levels on the first 3 days of ICU admission, median + quartiles.  
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significantly with mortality, thereby functioning as a good biomarker for 
diagnosis and prognosis. [32–35] Both have also been found to be 
elevated in CS patients, results that even lead to the conduction of a 
randomized trial investigating adrenomedullin as a potential treatment 
target. [11,12,36,37] That same elevation is seen in our cohort and the 
association with mortality was found for both biomarkers in CS patients. 
The rise in ET-1 in CS patients from day one to three, suggests a loss of 
endothelial barrier function that increases over time and supports the 
hypothesis that disruption of the vascular integrity plays an important 
role in the pathophysiology of cardiogenic shock. The subgroup with 
higher ADM values corresponds to that with higher SOFA scores which 
could be expected from a generalized cardiovascular stress marker. 
Besides being a marker of heart failure, ANP has been demonstrated to 
correlate with organ dysfunction, sepsis, disease severity and mortality 
risk in critically ill patients admitted to the ICU. [38] Raised values were 
also demonstrated by both CS and SS patients in our cohort but the clear 
correlation with mortality was restricted to CS patients. Also for vaso-
constrictor AVP, a strong correlation with mortality was found in pa-
tients with CS. This is in line with literature showing a correlation with 
poor outcomes in post-cardiac arrest patients. [39,40] Besides that, AVP 
is known to show a tremendous increase in both septic and hemorrhagic 
shock. [41] This increase is also seen in our SS patients. 

Based on available literature we did expect to find a relationship 
between admission biomarker levels and mortality. However, this 
relation was only found in CS patients. A potential explanation for this 

could be that the day 1 measurements in SS patients are too late in the 
course of disease already, resulting in high measures in all patients, 
whereas the first measurement in cardiogenic shock might be able to 
distinguish for it’s still early enough in the course of disease. 

In our cohort, ADM was the biomarker with the strongest association 
with mortality in CS whilst in SS this biomarker had the weakest asso-
ciation. Potentially, the weak association of baseline ADM levels with 
mortality in SS is because vasodilatation is already present in sepsis. In 
CS however, the strong association of admission ADM level could 
identify patients with an inappropriate vasodilatation or patients in a 
different phase of the shock condition. 

The results suggest that elevated biomarkers in CS patients indicate 
an increased systemic inflammatory response and correlate to worse 
outcomes whereas in SS they seem to be part of the natural course 
without the ability to differentiate between different outcomes, thus 
showing a prognostic “ceiling effect”. It is remarkable that other studies 
did identify a correlation between mortality and levels of both ET-1 and 
ADM in septic patients. We hypothesize that this can partially be 
explained by differences in the population. The critically ill patients as 
described by Buendgens et al., have lower median SOFA scores and a 
lower mortality rate than the SS patients in our cohort. [32] 

CRP in SS patients was considerably raised from the first day of ICU 
admission and reached its peak value on day 2 whereas CRP in values in 
CS patients increased gradually during ICU admission and a peak was 
not detected within 3 days. The most plausible explanation for this, 

Fig. 3. 30-Day survival in cardiogenic shock for initial biomarker level on admission.  
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seems that SS develops in patients with longer standing infection. Their 
admittance to the ICU does not mark the first day of illness but the start 
of vital functions being at risk. Cardiogenic shock, especially when 
related to myocardial infarction and OHCA, leads to immediate ICU 
admission in most cases. In this group, the first day admission corre-
sponds with the first day of illness. This could also explain the higher 
creatinine levels for SS patients on the first 3 days as their kidneys may 
have been exposed to a hypovolemic circulation for a longer period of 
time. 

Despite the cohort and its samples being recruited approximately 10 
years ago, we believe that the association between biomarkers and 
mortality remains applicable to the current era, as little has changed in 
clinical management practices. All cardiogenic shock patients were 
treated with primary PCI which is still the cornerstone treatment. [2] At 
most, a trend towards more culprit lesion-only PCI might be present but 
little changes in other medical treatment strategies have occurred. [42] 
With respect to the sepsis patients, more early awareness programs have 
been installed over time. Increased awareness and early intervention 
initiatives, such as the Surviving Sepsis Campaign may have influenced 
patient management slightly. [43,44] However, both patient groups 
were recruited in a tertiary center and we believe that the results may 
only remotely be influenced by the fact that the cohort has been 
collected 10 years ago. 

4.3. Limitations 

One of the limitations of our study concerns the definitions that were 
used to define both syndromes. As data from a larger study were used in 
a retrospective manner, no adaptions could be made in the definitions 
used. It would have been of interest to define SS according to a more 
contemporary definition and a SCAI stage of cardiogenic shock would 
facilitate comparison with other CS cohorts. [45] 

As a results of performing a matching procedure, the cohorts auto-
matically show more resemblance. Additionally, more homogeneity was 
created by including post cardiac arrest patients while post-cardiac ar-
rest syndrome is characterized by inflammation.[46] 

Data were collected as part of routine care which could have resulted 
in an increase in missing data and the lacking of some relevant 
information. 

Furthermore, matching of the 111 CS patients to septic shock pa-
tients was performed by sex and age but unfortunately matching on sex 
failed in 17 cases. As the samples had been defrosted and analyzed this 
could not be resolved. We do however believe that this is of negligible 
influence of our findings. 

Finally, in both hemodynamic parameters and biochemical mea-
surements immortal time bias might have occurred. This implies that 
patients who deceased before days 3 (i.e. the worst patients), did not 
contribute to study outcomes anymore, potentially leading to a distorted 
image of the results on day 2 and 3. Nevertheless, this does not change 

Fig. 4. 30-Day survival in septic shock for initial biomarker level on admission.  

E.J. Peters et al.                                                                                                                                                                                                                                 



IJC Heart & Vasculature 52 (2024) 101424

7

the main message as the associations with mortality were performed 
with biomarker levels on admission. 

5. Conclusion 

In this prospective, multi-center cohort we found that SS and CS 
patients were comparable on baseline, hemodynamic parameters and 
mortality. Even though admission levels of measured biomarkers were 
higher in patients with SS, they only showed a significant association 
with mortality in CS. The selected biomarkers in our study therefore 
seem appropriate for guiding clinical practice in CS patients, but may 
offer less added value for patients with SS. 
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