
Journal of Cardiac Failure Vol. 25 No. 11 2019
Levels of Growth Differentiation Factor 15 and Early Mortality

Risk Stratification in Cardiogenic Shock
MARI HONGISTO, MD,1,* ANU KATAJA, MD,1,* TUUKKA TARVASM€AKI, MD, PhD,2 ANU HOLOPAINEN, MSc,3

TUIJA JAVANAINEN, MD,2 RAIJA JURKKO, MD, PhD,2 TONI J€ANTTI, MD,2 ANTOINE KIMMOUN, MD, PhD,4

BRUNO LEVY, MD, PhD,5 ALEXANDRE MEBAZAA, MD, PhD,6 KARI PULKKI, MD, PhD,7 ALESSANDRO SIONIS, MD,8

HELI TOLPPANEN, MD, PhD,2 KAI C. WOLLERT, MD,9,10 VELI-PEKKA HARJOLA, MD, PhD,1 AND JOHAN LASSUS, MD, PhD2,

FOR THE CARDSHOCK INVESTIGATORS
Helsinki, Kuopio, and Turku, Finland; Nancy, and Paris, France; Barcelona, Spain; and Hannover, Germany

ABSTRACT
From the 1Eme
Finland; 2Cardiol
Institute of Clinic
et des Vaisseaux,
Cardio-M�edico-C
Nancy, France; 6I
Chemistry, Univer
Santa Creu i Sant
School, Hannover
Manuscript rece
Reprint request

00029 HUS, Finla
Funding: This s

Diagnostics.
*Equal contribu
See page 900 fo
1071-9164/$ - s
© 2019 Elsevie
https://doi.org/1
Background: The aim of this study was to assess the levels, kinetics, and prognostic value of growth dif-

ferentiation factor 15 (GDF-15) in cardiogenic shock (CS).

Methods and Results: Levels of GDF-15 were determined in serial plasma samples (0�120 h) from 177 CS

patients in the CardShock study. Kinetics of GDF-15, its association with 90-day mortality, and incremental

value for risk stratification were assessed. The median GDF-150h level was 9647 ng/L (IQR 4500�19,270

ng/L) and levels above median were significantly associated with acidosis, hyperlactatemia, renal dysfunc-

tion, and higher 90-day mortality (56% vs 28%, P < .001). Serial sampling showed that non-survivors had

significantly higher GDF-15 levels at all time points (P < .001 for all). Furthermore, non-survivors displayed

increasing and survivors declining GDF-15 levels during the first days in CS. Higher levels of GDF-15 were

independently associated with mortality. A GDF-1512h cutoff>7000 ng/L was identified as a strong predictor

of death (OR 5.0; 95% CI 1.9�3.8, P = .002). Adding GDF-1512h >7000 ng/L to the CardShock risk score

improved discrimination and risk stratification for 90-day mortality.

Conclusions: GDF-15 levels are highly elevated in CS and associated with markers of systemic hypoper-

fusion and end-organ dysfunction. GDF-15 helps to discriminate survivors from non-survivors very early

in CS. (J Cardiac Fail 2019;25:894�901)
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Cardiogenic shock (CS) is a state of emergency deter-

mined by severe systemic hypoperfusion due to cardiac dys-

function. Despite remarkable advances in the treatment of

myocardial infarction and intensive care, mortality in CS

remains unacceptably high.1,2 A systemic inflammatory

response and multiorgan injury contribute to the high fatal-

ity rates in CS. Therapy options like advanced circulatory

support are invasive, highly intense, and costly. Recently,
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clinical risk scores for predicting outcome have been put

forward in CS.3,4 Biomarkers have shown good potential

for prognostic risk stratification in cardiovascular disease

and could eventually be helpful in classifying patients eligi-

ble for specific therapeutic strategies in CS.5,6

Growth differentiation factor 15 (GDF-15), a member of

the transforming growth factor-b cytokine superfamily, has

emerged as a strong prognostic biomarker in cardiovascular
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disease.7 GDF-15 is weakly expressed in most tissues under

physiological circumstances but may be strongly induced in

response to acute stressors including inflammation, oxida-

tive stress, hypoxia, and tissue injury.7,8 GDF-15 has been

shown to provide independent prognostic information

beyond traditional clinical risk factors and established

biomarkers in acute coronary syndromes (ACS), including

ST-elevation myocardial infarction, and in heart failure.9�16

However, GDF-15 is not a cardiac-specific biomarker. In

advanced heart failure, GDF-15 appears to be mainly

derived from peripheral tissues reflecting systemic and extra

cardiac pathologies.17 Stress-induced expression, through

p53-mediated pathways, of GDF-15 in macrophages, vascu-

lar smooth muscle, and endothelial cells makes it a potential

marker of vascular injury.5,6 Data on GDF-15 in critically

ill patients are still scarce. Based on its association with sys-

temic and vascular abnormalities, GDF-15 may be of partic-

ular interest in CS.

The aim of our study was to assess the levels of GDF-15 in

CS using serial measurements and to analyze its prognostic

properties and incremental value for risk stratification in CS.

Methods

The CardShock study (NCT01374867 at ClinicalTrials.

gov) is a prospective, observational, multicenter study on

CS. The overall aim of the CardShock study was to investi-

gate the aetiology, clinical and biochemical characteristics,

and to describe management and prognosis in contemporary

CS. Specific aims were to identify novel prognostic risk

markers in this medical emergency. Patients (n=219) were

recruited in 8 European countries at 9 tertiary hospitals

between October 2010 and December 2012. A detailed

description of the study population, treatments, and overall

mortality has been previously published.3

Inclusion Criteria and Data Collection

Patients had to be >18 years old and enrolled within

6 hours from the identification of CS. In addition to an acute

cardiac cause (both ACS and non-ACS patients were

included), the inclusion criteria required systolic blood pres-

sure to be <90 mmHg despite adequate fluid challenge or

need for vasopressor therapy to maintain systolic blood pres-

sure >90 mmHg and signs of hypoperfusion (altered mental

status/confusion, cold periphery, oliguria <0.5 mL/kg/h for

the previous 6 hours, or blood lactate >2 mmol/L). Patients

presenting with hemodynamically significant cardiac

arrhythmia or shock after cardiac or non-cardiac surgery

were excluded from the study. Baseline characteristics, medi-

cal history, and clinical findings were recorded at the time of

detection of the shock. Biochemical and hemodynamic data

as well as treatment and procedures were registered at base-

line and until 120 hours after inclusion at prespecified time

points. Patients were treated according to local clinical prac-

tice. Written informed consent was obtained from the patient

or next of kin if the patients were unable to give the consent

on admission. The study was approved by local ethics
committees and conducted in accordance with the Declara-

tion of Helsinki. The primary outcome was 90-day all-cause

mortality.

Blood Sampling and Laboratory Analyses

Serial blood sampling was performed at baseline (0 h),

12, 24, 36, 48, 72, 96, and 120 hours, and plasma aliquots

were stored at �70 C˚ until assayed. All patients with avail-

able baseline plasma samples (n=177) were included in this

study. Creatinine, C-reactive protein, alanine aminotrans-

ferase, high-sensitivity troponin T (hsTnT), N-terminal

pro�B-type natriuretic peptide (NT-proBNP), and GDF-15

(all assays from Roche Diagnostics) were analyzed at a cen-

tral laboratory (ISLAB, Kuopio, Finland). GDF-15 levels

<1200 ng/L were considered normal (the 90th percentile in

a study on healthy elderly adults).7,18 Arterial blood lactate

and pH were analyzed locally. Estimated glomerular filtra-

tion rate (eGFR) was calculated from creatinine values

using the CKD-EPI (Chronic Kidney Disease Epidemiology

Collaboration) equation.19

Statistical Analysis

Descriptive data are presented as numbers (n) and per-

centages (%) for categorical variables, and as mean and

standard deviation (SD) or as median and interquartile

range (IQR) for continuous variables, as appropriate.

Patients were dichotomized according to the median base-

line GDF-15 level. Between groups comparisons were per-

formed using Chi-squared test for categorical variables, and

Student’s t test, Mann�Whitney U test, or Wilcoxon signed

rank test for continuous variables, as appropriate. Correla-

tion analyses were performed by Spearman test.

To investigate the changes in GDF-15 levels and their

impact on the outcome we created a delta-variable (DGDF
0�48 h) by calculating the largest change in the biomarker

level between two samples � 24 hours apart during the first

48 hours. The adequate number of samples required for cal-

culation was available from 146 patients. We categorized

the delta-variables into 3 groups regarding the change in the

biomarker level 1) no change (�30% increase or decrease),

2) >30 % increase, and 3) >30 % decrease.

Kaplan�Meier curves were used to illustrate the timing

of events during follow-up between the groups and statisti-

cal comparison was performed using the log rank test. Uni-

variate and multivariable logistic regression analyses were

used to evaluate the association of GDF-15 levels with

90-day mortality. The model was adjusted with the Card-

Shock risk score variables.3 The CardShock risk score is a

9-point risk prediction tool for in-hospital mortality consist-

ing of seven clinical parameters that are readily available

on admission (age, eGFR, blood lactate, confusion on

admission, left ventricular ejection fraction [LVEF], previ-

ous myocardial infarction or coronary artery bypass graft-

ing, and ACS etiology). Results from the logistic regression

analyses are presented as odds ratios (ORs) with 95% confi-

dence intervals (CIs). Differences in GDF-15 levels
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between survivors and non-survivors over time were ana-

lyzed with linear mixed modeling. Due to skewed distribu-

tion GDF-15 values were log-transformed to normalize the

distribution and the residuals.

To assess whether GDF-15 improves discrimination

beyond the CardShock risk Score, the area under the curve

(AUC) of the receiver operating characteristic (ROC) curves

were calculated. Youden’s index was used to identify the

optimal cutoff value of GDF-15 from the ROC curve. The

added value of GDF-15 in the risk prediction model at differ-

ent time points was assessed using the likelihood ratio test of

nested models. Discrimination was also assessed by the inte-

grated discrimination index (IDI). Improvement in clinical

risk stratification was assessed by calculating net reclassifica-

tion improvement (NRI) using prespecified categories of low

(0%�15%), intermediate (15%�50%), and high (>50%)

mortality risk as previously defined for the CardShock risk

score.3 A two-sided P value <.05 was regarded as statisti-

cally significant. All statistical analyses were performed with

SPSS 22.0 software (IBM, Armonk, NY) with the exception

of the reclassification analyses which were performed with

R version 3.4.1 using PredictABEL package.
Results

The characteristics of the patient population (n=177) are

shown in Tables 1 and 2. In brief, the mean age was 66 years

(SD 12), and 75% were men. Mean arterial blood pressure

at enrolment was 57 mmHg (SD 11) and median level of

blood lactate was 2.7 mmol/L (IQR 1.7�5.8). ACS was the

cause of CS in 80% of cases. Seventy-three patients (41%)

died during follow-up.

GDF-15 Levels in Cardiogenic Shock

The median level of GDF-15 in patients with CS was high-

est at baseline (GDF-15 9647 ng/L; IQR 4500�19,270), with

individual values ranging from 1123 to 115,660 ng/L (levels
Table 1. Clinical Characteristics, In-Hospital, and 90

All (n=177) GDF-15 �Me

Age, years (SD) 66 (12) 65 (1
Female, n (%) 45 (25) 20 (2
BMI (SD), kg/m2 27 (4) 27 (4
ACS etiology, n (%) 142 (80) 71 (8
STEMI, n (%) 119 (67) 61 (6
Resuscitated, n (%) 47 (27) 24 (2
Medical history, n (%)
Hypertension 107 (60) 50 (5
Diabetes mellitus 52 (29) 20 (2
Coronary artery disease 57 (32) 21 (2
Prior CABG 11 (6) 1 (1
Heart failure 29 (16) 11 (1
Atrial fibrillation 26 (15) 13 (1
Renal insufficiency 21 (12) 7 (8
Smoking 107 (60) 53 (6
In-hospital mortality, n (%) 66 (37) 22 (2
90-day mortality, n (%) 73 (41) 24 (2

ACS, acute coronary syndrome; BMI, body mass index; CABG, coronary arter
infarction.
<1200 ng/L are considered normal). In serial sampling, the

median GDF-15 levels were 8500 ng/L (IQR 4171�17,654)

at 12 hours, 6642 ng/L (IQR 3428�19,010) at 24 hours,

5846 ng/L (IQR 2821�15,253) at 36 hours, and 5034 ng/L

(IQR 2714�12,281) at 48 hours.

Patient characteristics, medical history, and mortality of

patients stratified by median GDF-15 level at baseline are

shown in Table 1. The groups did not differ with regard to

age, gender, body mass index, or etiology (ACS/non-ACS)

of shock. However, there was a significantly higher preva-

lence of comorbidities, ie, diabetes mellitus and previous

history of coronary artery disease, in patients with baseline

GDF-15 level above median.

The clinical presentation and biochemistry at baseline

stratified according to baseline GDF-15 median level are

shown in Table 2. Systolic blood pressure, heart rate, and

LVEF at baseline echocardiography were similar in patients

with baseline GDF-15 above and below median. Patients

with baseline GDF-15 above median had significantly

higher levels of blood lactate, NT-proBNP, creatinine, ala-

nine aminotransferase, and C-reactive protein, and lower

arterial pH, blood hemoglobin concentration, and eGFR.

There were significant correlations between baseline

GDF-15 and baseline NT-proBNP (r = 0.38, P < .001) and

lactate (r = 0.47, P < .001) with a negative correlation

observed with eGFR (r =�0.45, P < .001). Weaker corre-

lations were observed between baseline GDF-15 and ala-

nine aminotransferase (r = 0.29) and C-reactive protein

(r = 0.26; P = .001 for both). We found no significant corre-

lation with hsTnT either at baseline or at later time points.

Baseline GDF-15 Levels and Mortality

Higher levels of baseline GDF-15 were associated with

mortality both in univariate (lnGDF-150h OR 2.1; 95% CI

1.5�2.9, P < .001) and multivariable (lnGDF-150h OR 1.9;

95% CI 1.2�3.1, P = .008) logistic regression analyses

(Fig. 1). Patients with baseline GDF-15 levels > median had
-Day Mortality Stratified by Baseline GDF-15

dian (n=89) GDF-15 >Median (n=88) P Value

2) 67 (13) .4
3) 25 (28) .4
) 27 (4) .25
0) 71 (81) .9
9) 58 (66) .7
7) 23 (26) .9

6) 57 (65) .2
2) 32 (36) .04
4) 36 (41) .014
) 10 (11) .005
2) 18 (20) .15
5) 13 (15) 1.0
) 14 (16) .1
0) 54 (61) .9
5) 44 (50) .001
8) 49 (56) <.001

y bypass surgery; SD, standard deviation; STEMI, ST-elevation myocardial



Table 2. Clinical Presentation, Treatment, and Biochemistry on Admission

All (n=177) GDF-15 �Median (n=89) GDF-15 >Median (n=88) P Value

Systolic BP; mmHg (SD) 77 (14) 77 (12) 77 (16) 1.0
MAP; mmHg 57 (11) 57 (10) 57 (12) .8
HR, beats/min 88 (29) 87 (28) 89 (29) .6
LVEF; % 33 (14) 35 (14) 31 (14) .10
Sinus rhythm, n (%) 127 (72) 73 (82) 54 (61) .001
Atrial fibrillation, n (%) 26 (15) 8 (9) 18 (20) .03
Confusion, n (%) 116 (66) 57 (64) 59 (67) .7
Oliguria, n (%) 93 (53) 38 (43) 55 (63) .015
Cold periphery, n (%) 169 (96) 85 (96) 84 (96) 1.0
Lactate > 2 mmol/L at inclusion, n (%) 124 (70) 47 (53) 85 (96) <.001
Mechanical ventilation, n (%) 97 (55) 43 (48) 54 (61) .08
Biochemistry
Hemoglobin; g/L 129 (23) 133 (24) 124 (21) .008
Leukocytes; E9/L 14.0 (5.5) 13.5 (4.9) 14.6 (5.9) .20
CRP; mg/L 15 (4�53) 7 (4�40) 26 (5�75) .01
Creatinine; mmol/L 103 (79�140) 91 (68�116) 125 (88�157) <.001
eGFR; mL/min/1.73 m2 63 (29) 73 (28) 53 (27) <.001
ALT; U/L 45 (20�93) 29 (17�52) 82 (33�152) <.001
Arterial pH 7.30 (7.21�7.40) 7.35 (7.26�7.40) 7.30 (7.20�7.38) .004
Lactate; mmol/L 2.7 (1.7�5.8) 2.1 (1.3�3.7) 3.7 (2.3�6.7) <.001
hsTnT; ng/L 2190 (393�5399) 1581 (347�4083) 2629 (441�8716) .06
NT-proBNP; ng/L 2581 (575�9323) 1360 (373�6627) 5029 (1581�12,300) <.001
GDF-15; ng/L 9647 (4500�19,270) 4503 (2598�6779) 19,270 (13,178�34,605) <.001

ALT, alanine aminotransferase; BP, blood pressure; CRP, C-reactive protein; HR, heart rate; MAP, mean arterial pressure.
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a significantly higher in-hospital (50% vs 25%, P = .001) and

90-day (56% vs 28%, P < .001) mortality compared with

those with GDF-15 � median (Table 1). The Kaplan�Meier

survival curves in patients stratified by median GDF-15

levels are shown in Fig. 2 (log rank P < .001). After multi-

variable adjustment, baseline GDF-15 > median remained

independently associated with 90-day mortality (OR 2.6;

95% CI 1.2�5.9, P = .02).
Fig. 1. Forest plot for the association of lnGDF-15 (solid line) and GDF
mortality. P < .05 for all. The number of patients having GDF-15 >70
(44%) at 36 hours.
Serial Measurements of GDF-15 and Outcome

GDF-15 was an independent predictor of 90-day mortal-

ity at all measured time points (Fig. 1). The AUC of GDF-

15 for 90-day mortality was 0.70 (95% CI 0.62�0.77,

P < .001) at baseline, further increased at 12 hours (AUC

0.81; 95% CI 0.74�0.88, P< .001), and remained high dur-

ing the following days (Fig. 3).
-15 > 7000 ng/L (dashed line) at various time points with 90-day
00 ng/L was 88 (57%) at 12 hours, 67 (49%) at 24 hours, and 58



Fig. 2. Kaplan�Meier survival curves for 90-day mortality stratified by the median level of baseline GDF-15.
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Serial measurement revealed that the non-survivors had

significantly higher GDF-15 levels at all time points com-

pared with the survivors (Fig. 4; P< .001 for between-group

comparisons and P< .001 for all pairwise comparisons).

Interestingly, there was a statistically significant decrease

of the GDF-15 levels during the first 24 hours in 90-day sur-

vivors (median 6640 [IQR 3248�14,896] at baseline vs

4499 [2477�9272] ng/L at 24 h, P <.001), whereas the

GDF-15 levels remained very high or even tended to

increase (12,847 [8795�29,753] ng/L at baseline vs 19,742

[8815�38,240] ng/L at 24 h, P =.14) in patients who
Fig. 3. AUC of GDF-15 to discriminate between 90-da
subsequently died (Fig. 4). Evolution of GDF over time

between the survivors and the deceased at 90 days was sig-

nificantly different (P<.001 for time�group interaction).

GDF-15 levels increased >30% in 43 (30%), decreased

>30% in 83 (57%), and remained stable (�30% increase or

decrease) in 20 (14%) patients during the first 48 hours.

Patients with >30% increase in GDF-15 level had worse

90-day survival than patients with stable or declining levels

(Supplementary Fig. 1). However, the association with mor-

tality of an increase in GDF-15 >30% (compared with sta-

ble/decrease) did not reach statistical significance after
y survivors and non-survivors at each time point.



Fig. 4. GDF-15 levels 0�120 hours in survivors and non-survivors.
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adjustment for the variables in the CardShock risk score

(OR 2.3 [95% CI 0.9�5.8], P = .07)
GDF-15 for Risk Stratification in CS

For early risk stratification in CS and based on the AUC

values at each time-point, GDF-15 at 12 hours (GDF-1512h)

was selected for further analyses. The GDF-1512h cutoff

7000 ng/L was derived from the ROC curve (Supplementary

Fig. 2) and used as a binary variable in discrimination and

reclassification analyses. The adjusted OR of GDF-1512h >

7000 ng/L for 90-day mortality was 5.0 (95% CI 1.9�13.8,

P < .002) (Fig. 1). Adding GDF-1512h > 7000 ng/L to the

prediction model improved discrimination compared with

the CardShock risk score alone (AUC 0.85 vs AUC 0.83;

x2=10.6, P = .001 for comparison of nested models; and IDI

0.053 [95% CI 0.012 � 0.094]; P = .01). Adding GDF-1512h
> 7000 ng/L to the CardShock risk score also improved risk

classification (NRI 0.18 [95% CI 0.06�0.30; P = .003]),

especially among the survivors (Table 3; Supplementary

Table 1). Sensitivity analyses were performed using the

GDF-15 cutoff of 7000 ng/L also at 24 and 36 hours (Fig. 1).

Clinically meaningful improvement in discrimination and
Table 3. AUC, NRI, and IDI Values for 90-Day Mortality Assessing the
and risk stratification of CardShock Risk

CSS CSS + GDF-1

AUC (95% CI) 0.83 (0.77�0.89) ΔAUC 0.02*
NRI (95% CI), %y — 18.3

(6.1�30.5)
IDI (95% CI)y — 0.053

(0.012�0.094)

*P value <.01 for comparison of the model to CardShock risk Score alone.
yP value <.01 for all NRI and IDI values compared with CardShock risk Score
reclassification was observed at any time point between 12

and 36 hours after CS detection (Table 3).
Discussion

In this prospective study with serial GDF-15 sampling in

CS patients, we report 3 main findings. First, although

GDF-15 levels are markedly elevated in CS already at base-

line, there are marked differences in the levels and temporal

trends of GDF-15 between survivors and non-survivors.

Second, GDF-15 is an independent predictor of mortality in

CS, with strong predictive value early during hospitaliza-

tion and throughout the hospital course. Finally, we propose

a GDF-15 cutoff of 7000 ng/L that provides excellent dis-

criminative properties for early risk stratification beyond

the clinical CardShock risk score.

GDF-15 Levels in CS

In this population with CS, patients presented with

extremely high levels of circulating GDF-15 at the time of

detection of the shock. Virtually all patients had GDF-15

levels above the previously defined upper limit of normal
Capability of GDF-15 >7000 ng/L to Improve the Discrimination
Score (CSS) at 12, 24, and 36 hours

512h CSS + GDF-1524h CSS + GDF-1536h

ΔAUC 0.01* ΔAUC 0.01*
27.1 34.6
(7.4�46.8) (13.6�55.6)
0.08 0.14
(0.028�0.133) (0.071�0.20)

alone.
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(1200 ng/L) and the median GDF-15 level was two to five-

fold higher than the levels previously described in patients

with acute heart failure or ST-elevation myocardial infarction

without CS.15,16,20 GDF-15 elevations of similar magnitude

were previously found in CS patients in the biomarker sub-

study of the IABP-SHOCK II trial.21 Together with our

results, these highly elevated levels of GDF-15 within the

first 6�12 hours from onset of CS suggest a very rapid

rise in the expression of GDF-15 in response to shock. The

time between the onset of CS and blood sampling should

therefore be taken into consideration, when interpreting

GDF-15 levels in early course of CS.

In cardiogenic shock, the sources of GDF-15 are most

likely to be diverse. Ischemia and reperfusion injury induce

the expression of GDF-15 in cardiomyocytes during acute

myocardial infarction.22 However, despite high circulating

GDF-15 concentrations, cardiac mRNA and protein expres-

sion levels of GDF-15 in end-stage non-ischemic dilated car-

diomyopathy were very low suggesting other sources of

secretion.17 In our study, no correlation between GDF-15 and

myocyte necrosis (hsTnT) was observed. In contrast, GDF-15

was associated with multiple biochemical markers of systemic

hypoperfusion (hyperlactatemia, acidosis) and end-organ dys-

function (cardiac, renal, hepatic). GDF-15 is expressed in

almost every tissue and strongly upregulated in acute injury

and chronic stressful situations. High GDF-15 levels are

known to be related to different types of organ failure (heart,

liver, and kidney). Similarly to CS, very high levels of circu-

lating GDF-15 have been detected in a small study on patients

with sepsis (median GDF-15 level: 16,000 ng/L), another

state of systemic hypoperfusion.23 Taken together, these

results suggest GDF-15 to be a marker of systemic hypoperfu-

sion severity and multiorgan injury and dysfunction in CS.
GDF-15 Levels in Survivors and Non-Survivors

Differences in GDF-15 levels between survivors and non-

survivors were observed already at the time of detection of

shock, in line with a previous report from the IABP-

SHOCK II-trial.21 Our study shows that GDF-15 levels fur-

ther diverge during hospitalization between survivors and

non-survivors. Our results thus suggest that stable or

decreasing GDF-15 levels may be a marker of early

response to treatment among patients who will survive,

whereas increasing levels of GDF-15 at 24 hours despite

adequate treatment are indicative of a dismal prognosis.

In addition to our study, baseline GDF-15 levels were

shown to have prognostic value in CS patients also in the

IABP-SHOCK II-study.21 The results from our study indi-

cate that although baseline levels of GDF-15 associated

with outcome, the prognostic capability for mortality pre-

diction of GDF-15 is even stronger at 12�36 hours. Consid-

ering the management during the early phase of CS (urgent

revascularization, stabilization of hemodynamic, and other

treatment procedures), this time frame can be regarded even

more important for risk assessment and prognostication

from a clinical point of view.
GDF-15 for Risk Prediction in Cardiogenic Shock

Our study demonstrates that GDF-15 possesses prognostic

value beyond clinical risk prediction models for mortality in

CS. There is a call for personalized medicine in general and

particularly in heart failure.6 More personalized therapeutic

approaches could be based on enhanced risk stratification

algorithms that incorporate biomarkers. Recently, GDF-15

has been used in the ABC risk scores in atrial

fibrillation,24�26 supporting clinical applicability of this bio-

marker. Personalized and precision medicine may be of par-

ticular value in the critically ill, and we believe that

biomarkers may help address the persistently high mortality

of patients with CS. We show that in CS, GDF-15 improves

the ability to predict 90-day mortality both in terms of dis-

crimination and reclassification in clinically useful risk cate-

gories. Although the suggested cutoff (7000 ng/L) was

derived from levels measured at 12 hours, its utility was not

limited by strict timing. On the contrary, GDF-15 can be

assessed in a clinically relevant time window of 12�36 hours.

Limitations

The main limitation of our study is the lack of external

validation, which should be taken into account when using

the suggested cutoff. However, this is the first study to

show the temporal trends of GDF-15 in CS and provides a

solid basis for future studies. In addition, since the optimal

cutoff value of GDF-15 was derived from the prospectively

collected data in our study, in another dataset this cutoff

level may overestimate the predictive capability of the bio-

marker causing bias. Nevertheless, our study is one of the

largest cohorts of biomarker studies in CS and thus the

results represent the most recent and contemporary knowl-

edge available in the field.

Conclusions

Levels of circulating GDF-15 are very high early in CS,

reflecting systemic hypoperfusion and end-organ dysfunc-

tion. Higher GDF-15 levels are independently associated

with mortality, with non-survivors displaying further

increase in GDF-15, whereas levels of GDF-15 in survivors

decline during the first days in CS. At the proposed

7000 ng/L threshold, GDF-15 possesses the ability to add

value to the CardShock risk prediction score for early dis-

crimination (12�36 h after detection of shock) between sur-

vivors and non-survivors in CS, which makes it an

important biomarker for risk stratification in CS.
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