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Introduction. Predicting intensive care unit length of stay and outcome following cardiac surgery is currently based on clinical
parameters. Novel biomarkers could be employed to improve the prediction models. Materials and Methods. We performed a
qualitative cytokine screening array to identify highly expressed biomarkers in preoperative blood samples of cardiac surgery
patients. After identification of one highly expressed biomarker, growth differentiation factor 15 (GDF-15), a quantitative ELISA
was undertaken. Preoperative levels of GDF-15 were compared in regard to duration of intensive care stay, cardiopulmonary
bypass time, and indicators of organ dysfunction. Results. Preoperatively, GDF-15 was highly expressed in addition to several
less highly expressed other biomarkers. After qualitative analysis, we could show that preoperatively raised levels of GDF-15
were positively associated with prolonged ICU stay exceeding 48 h (median 713 versus 1041 pg/ml, p = 0:003). It was also
associated with prolonged mechanical ventilation and rates of severe sepsis but not with dialysis rates or cardiopulmonary
bypass time. In univariate regression, raised GDF-15 levels were predictive of a prolonged ICU stay (OR 1.01, 95% confidence
interval 1–1.02, and p = 0:029). On ROC curves, GDF-15 was found to predict prolonged ICU stay (AUC = 0:86, 95%
confidence interval 0.71–0.99, and p = 0:003). Conclusion. GDF-15 showed potential as predictor of prolonged intensive care
stay following cardiac surgery, which might be valuable for risk stratification models.

1. Introduction

Advances in surgical and medical techniques as well as
innovation in intensive care treatment have reduced mor-
tality during and after cardiac surgery [1]. Conversely, mor-
bidity has increased, mainly due to increased utilization of
cardiac surgery in the elderly and more vulnerable patients
with increasing amounts of preexisting diseases leading to
more complex intensive care treatment [2]. Prolonged stay
in the intensive care unit (ICU) following cardiac surgery
represents a significant burden of disease. Up to 26% of
patients will spend more than 3 days in the ICU after cardiac
surgery, which is in turn associated with organ dysfunction,

prolonged mechanical ventilation, and thus impaired out-
comes [3].

To overcome these circumstances, prediction models of
prolonged ICU stay can be helpful and should be imple-
mented for efficient use of ICU resources [4]. However, the
current risk stratification models’ predictive ability has not
improved despite further inclusion of patient and disease
characteristics [5]. A novel approach of improving these
models could be the inclusion of biomarkers for preinterven-
tional risk stratification. The use of established and emerging
biomarkers, such as CRP and GDF-15, has shown significant
promise as predictors of outcome in myocardial infarction
and heart failure [6, 7]. Additionally, the measurement of
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biomarkers would be a reliable variable, i.e., not prone to be
influenced by inaccurate medical history or clinical judge-
ment. Whilst several biomarkers have been investigated
for use as predictors of mortality and morbidity in cardiac
surgery patients, no studies have considered their value in
predicting length of stay on the ICU [8, 9]. They could be
an additional tool to provide information for preoperative
optimization and accurate prediction of postoperative out-
comes in this group of vulnerable patients. Biomarkers,
especially cytokines, can be used to show underlying phys-
iological and pathophysiological processes. For instance,
biomarkers are already widely used in nephrology to pre-
dict kidney failure [10].

The primary objective of this study was an exploration of
novel cytokines for prediction of prolonged ICU length of
stay (PICULOS) in preoperative blood samples of cardiac
surgery patients. Subsequently, a further analysis of highly
expressed cytokines and their relationship to PICULOS was
undertaken. The secondary objective included determining
the usefulness of highly expressed cytokines for predicting
severe sepsis, length of mechanical ventilation, renal replace-
ment therapy, delirium, and mortality.

2. Materials and Methods

2.1. Study Design and Patient Selection. This prospective
observational study used an existing biobank of blood sam-
ples collected from cardiac surgery patients (Ethics Commit-
tee of the University Hospital Aachen, RWTH University,
Aachen, Germany, reference number EK 151/09). The prin-
cipal enrolment criterion was cardiac surgery including cor-
onary artery bypass grafting (CABG), aortic valve or
combined CABG/aortic valve operations (AVR) performed
during cardiopulmonary bypass at the University Hospital
Aachen between January 2017 and July 2017. Exclusion cri-
teria were other types of cardiac surgery, incomplete medical
records, and missing blood samples. All patients provided
written informed consent, and their identifying information
was removed prior to analysis. Blood samples were collected
1 day preoperatively, directly upon ICU admission, 24 and
48 hours postoperatively. After centrifugation at 4°C for 10
minutes, plasma samples were frozen at -80°C.

We defined prolonged intensive care length of stay
(PICULOS) as a time period greater than 48 hours as other
studies in cardiac surgery demonstrated recovery within 48
hours and showed development of complications thereafter
[11]. Patient characteristics and clinical parameters were
retrieved from an electronically patient data recording sys-
tem (medico//s, Siemens, Germany) and from a patient data
management system (IntelliSpace Critical Care and Anesthe-
sia, ICCA Rev. F.01.01.001, Philips Electronics, The Nether-
lands). The definition of severe sepsis as outlined in the
Third International Consensus Definitions for Sepsis and
Septic Shock was used [12]. Postoperative delirium was
defined by CAM-ICU [13]. Acute kidney failure was defined
as stage 3 kidney injury following KDIGO guidelines [14].
EuroSCORE II was calculated using the online tool [15].
We randomly selected 4 patients who underwent a normal
ICU stay as a control group (non-PICULOS), i.e., shorter

than 48 hours, and another group of 4 patients who stayed
longer than 48 hours on the ICU (PICULOS).

2.2. Cytokine Screening. A cytokine and chemokine detection
array (Proteome Profiler™ Human XL Cytokine Array Kit,
R&D Systems, Minneapolis, MN, USA) covering 105 cyto-
kines was used to screen 4 randomly selected preoperative
blood samples from patients with PICULOS. These were
matched by 4 randomly selected non-PICULOS patients.
The plasma samples were not pooled. After dilution and
overnight incubation, the detection membrane was washed
and a detection antibody was added. Strepatividin-HRP and
chemiluminescent detection agents were applied, and the sig-
nal produced was captured. The mean spot density was mea-
sured using the ImageQuant TL software (Version 8.1, GE
Healthcare). These values were normalized against a cali-
brated measurement described in the test kit instructions.
After this measurement, we averaged the mean spot density
of each cytokine within the groups to allow a comparison
between PICULOS and non-PICULOS blood samples.

2.3. GDF-15 Measurements and Patient Selection for Further
Quantitative Analysis. After identifying GDF-15 as one cyto-
kine showing the most distinctive differences between
groups, we performed a quantitative measurement. A further
patient selection (n = 89) was performed for both PICULOS
and non-PICULOS after expanding our exclusion criteria to
patients with glomerular filtration rate (GFR) below 50
ml/min or any signs of inflammation as both of these condi-
tions can also cause GDF-15 elevation [16, 17]. We randomly
selected 12 patients form each group, resulting in 24 patients
in total. The stored plasma was thawed and analyzed using a
commercially available enzyme-linked immunosorbent assay
(Duoset® ELISA development system, human GDF-15, cata-
logue number DY957, R&D Systems, Minneapolis, MN,
USA) following the manufacturer’s protocol. Due to expected
levels of GDF-15 and the sensitivity of the test kit, the sam-
ples were diluted according to the manufacturer’s instruction
up to 1 : 50.

2.4. Statistical Analysis. Discrete variables are given as
absolute number and percentages. Continuous variables are
presented as median and interquartile range (IQR) due to
the skewed distribution of most of the parameters and to
facilitate comparison. Differences between groups were
assessed using Mann-Whitney U test and chi-squared test
where appropriate.

Receiver-operator characteristic (ROC) curve analysis
was performed in order to assess the cut-off value of GDF-
15 for PICULOS (i.e., the values with the maximum sum
of sensitivity and specificity). Area under curve (AUC) was
also derived.

The prognostic value of GDF-15 for predicting PICULOS
was assessed by performing a univariate logistic analysis. A
probability value of <0.05 was considered significant. Statisti-
cal analysis was performed in GraphPad Prism 7 (GraphPad
Software, San Diego, CA, USA) and SPSS 25 (SPSS, Chicago,
IL, USA).

2 Disease Markers



3. Results

3.1. Cytokine Screening. Of the 248 cardiac surgery patients
for whom samples were stored in the biobank, 129 had to
be excluded due to surgery procedures different from CABG
or AVR or limited sample availability. In total, 119 patients
could be included for cytokine screening (Figure 1). Amongst
those screened, 42 patients spent less than 48 hours on the
ICU, representing the non-PICULOS group, and 77 spent
more than 48 hours on the ICU (PICULOS group). After
randomly selecting 4 preoperative samples from the PICU-
LOS group and another 4 control samples from the non-
PICULOS group, we performed the cytokine screening with
the Human XL Cytokine Array Kit.

We identified GDF-15 as a novel cytokine with higher
preoperative expression in PICULOS patients after undergo-
ing cardiac surgery. As depicted in Figure 2, in the PICULOS
group mean GDF-15 expression was more than twice as high
as in non-PICULOS patients. Other cytokines also showed a
higher expression in the PICULOS group, especially Chiti-
nase-3-like-1, IGFPB-2, IL-18 Bpa, and TIM-3, yet clearly
less distinctive than GDF-15. Interestingly, Serpin-E1 and
Vitamin D BP exhibited decreased expression. The other 98
cytokines were expressed at similar levels or not detectable.
An example of both a PICULOS and non-PICULOS cytokine
array with subsequent analysis is shown in Figure 3.

3.2. GDF-15 Measurements

3.2.1. Patient Characteristics. For further quantification of the
preoperative GDF-15 levels, GDF-15 serum levels from 12
patients with PICULOS and 12 non-PICULOS patients were
analyzed. The median age was 67 for the non-PICULOS
group and 79 for the PICULOS group, which was a statisti-
cally significant difference (p = 0:032). Additionally, Euro-

SCORE II was raised significantly in the PICULOS group
with 3.85 percent versus 1.34 percent for the non-PICULOS
cohort (p = 0:006). All other preoperative baseline character-
istics showed no differences between the groups and are
shown in Table 1.

The postoperative, during ICU stay, characteristics of the
patients showed many significant differences which are
described in Table 2. All patients in the PICULOS group
had a significantly higher risk stratification score in SAPS
II, Apache II, and SOFA. Also, the duration of mechanical
ventilation was longer (8 vs. 200 hours, p = 0:001) as was the
duration of vasopressor use (12 vs. 200 hours, p = 0:001).
Severe sepsis was seen more frequently in the PICULOS group
as was the need for dialysis and delirium. Interestingly, the
duration of cardiopulmonary bypass does not affect the dura-
tion of ICU stay within the groups compared.

3.2.2. GDF-15 and Outcomes. Concentrations of GDF-15
were raised in preoperative blood samples of PICULOS ver-
sus non-PICULOS patients, showing a significant increase
within the PICULOS group (median 713 versus 1041 pg/ml,
p = 0:003, Figure 4).

The most commonly performed surgery was coronary
artery bypass graft. Also, 9 patients underwent a combined
operation, whereby both a coronary bypass and aortic valve
replacement were performed. The median time of cardiopul-
monary bypass was 106 minutes for non-PICULOS patients
versus 125 minutes for PICULOS patients. Raised levels of
preoperatively raised GDF-15 were not associated with pro-
longed cardiopulmonary bypass duration (Figure 5).

Patients with preoperatively raised GDF-15 levels spent
longer time undergoing mechanical ventilation. Regarding
further clinical outcomes, patients with raised levels of
GDF-15 required longer vasopressor therapy and were sub-
ject to severe sepsis more frequently as could be depicted in
Figure 6. Rates of renal replacement therapy in the context
with acute kidney failure were not increased with raised
GDF-15 levels. Finally, rates of delirium were significantly
associated with raised GDF-15 levels (median 718 versus
1491 pg/ml, p = 0:0006).

3.3. GDF-15 Prediction. As described in methods, we per-
formed a logistic regression analysis of GDF-15 for predic-
tion of prolonged ICU stay and also for other values.
Univariate analysis showed GDF-15 levels (odds ratio 1.01,
95% confidence interval 1–1.02, and p = 0:029) to be predic-
tive for a prolonged ICU stay. Additionally, age, EuroSCORE
II, SAPS II, and SOFA scores were also prognostic for a pro-
longed ICU stay. However, when a multivariate analysis was
performed, no further predictive value was found (Table 3).

In our population, preoperatively raised levels of GDF-15
were significantly better at predicting PICULOS than Euro-
SCORE II. ROC curve analysis of GDF-15 and PICULOS
showed an AUC of 0.86 (95% confidence interval 0.71–
0.99, p = 0:003) and a cut-off value of >905.8 pg/ml (sensitiv-
ity 83.33% and specificity 83.33%). An analysis of Euro-
SCORE II and PICULOS revealed an AUC of 0.81 (95%
confidence interval 0.65–0.99, p = 0:008) with a cut-off value
of 2.82% mortality (sensitivity 75% and specificity 75%).

09.01.2017 to 01.08.2017
248 patients undergoing cardiac surgery

Incomplete samples/records = 78
Missing samples = 4
Not CABG or AVR = 47 

Patients screened
n = 119

PICULOS
n = 77

Non-PICULOS
n = 42

4 patients randomly selected

Cytokine screening

4 patients randomly selected

Figure 1: Patient selection. CABG: coronary artery bypass graft;
AVR: aortic valve replacement; PICULOS: prolonged intensive
care unit length of stay.
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Figure 2: Analysis of the cytokine array profiler. The embedded image is a magnification of the greatest difference in cytokine expression.
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4. Discussion

Our study is aimed at investigating potential novel cytokines
predictive of prolonged ICU stay following cardiac surgery.
We could demonstrate that cytokines are expressed differ-
ently in patients who spend longer than 48 hours on the
ICU when compared to patients whose stay is shorter than
48 hours. Especially GDF-15 showed a significant, raised
expression preoperatively in PICULOS patients versus non-
PICULOS patient after both quantitative and qualitative
analyses. Furthermore, severe sepsis rates, vasopressor sup-
port, and time of MV were significantly enhanced in the
PICULOS group. Moreover, raised levels of GDF-15 were
predictive of a prolonged ICU stay in univariate logistic
regression. An increasing availability of cardiac surgery is
counterbalanced by an increasing preexisting illness and
frailty of patients. Moreover, ICU resources are scarce in
most hospitals. To resolve this dilemma, better predictive
models are required for sufficient risk stratification, especially
in cardiac surgery patients. However, traditional preoperative
risk stratification models such as the EuroSCORE II do not
include any biomarkers. Other structural weaknesses are con-
cerns about interobserver variability due to encoding mis-
matches or definition of risk factors [18] and methodological
concerns regarding clinical validation [19]. Biomarkers, as
indicators of biological stress, such as inflammation, can be
used to predict clinical outcomes. They can be used to predict
organ dysfunction, frailty, and biological aging. Therefore,

inclusion of one or more biomarkers in risk stratification
models could increase the accuracy and ease of use.

Generally, risk stratification using biomarkers has been
sparingly evaluated in cardiac surgery. Prior research by
Brown et al. [20] showed that inclusion of 4 additional bio-
markers (cardiac troponin T, NT-ProBNP, and CRP) did
not improve the predictive capability of a risk stratification
model. Another study could show that brain natriuretic com-
pound (BNP) can be used to predict postoperative mortality
after cardiac surgery [21]. Raised levels of ST2, Galectin-3,
and NT-ProBNP preoperatively were predictive of inhospital
mortality in a paper by Polineni et al. [8]. Our study included
CRP and ST2 during the cytokine screening process. CRP
was highly expressed in all our patients, probably due to the
high sensitivity of the cytokine array profiler and the multi-
tude of organic reasons of heighted expression, both patho-
logical and nonpathological. The other cytokine, ST2, was
only marginally raised in the PICULOS group and therefore
did not deserve further quantification. In sum, there exists a
broad spectrum of biomarkers which have been evaluated
regarding different clinical concerns. However, no specific
biomarkers are described in terms of prolonged ICU stay
after cardiac surgery.

Intensive care units provide high levels of complex and
expensive care, especially after cardiac surgery. Many factors
are associated with a prolonged, postoperative ICU stay. Sub-
sequently, the Acute Physiological and Chronic Health Eval-
uation (APACHE) scoring system was revised to its latest
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Figure 3: Two examples of completed cytokine array experiments, showing 105 different cytokines. The numbers below the spots in the left-
hand graphic correspond to the respective cytokines in the right-hand bar chart.
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version, APACHE IV. The APACHE IV uses 129 variables
but no single biomarker to predict mortality rates and to esti-
mate length of stay [22]. Additionally, the APACHE IV is
designed to evaluate cardiac surgery patients. Other ICU pre-
diction models such as SAPS2 [23] and SOFA [24] are used
to solely predict ICU mortality and are therefore less useful
to predict length of ICU stay. Both these models are calcu-
lated within 24 to 48 hours after admission to the ICU unit,
respectively. An analysis of risk stratification models for pro-
longed ICU stay used a time frame between 6 to 48 hours as a
“normal” ICU stay [25]. This study also showed that the var-
ious models of intensive care risk stratification (APACHE,
SOFA, and SAPS) were inaccurate with poor predictive abil-
ity due to lacking validation and inadequate benchmarking.

Our study demonstrates that raised GDF-15 levels preop-
eratively are associated with prolonged ICU stay following
cardiac surgery. GDF-15 has been analyzed extensively in
medical practice as a marker of cardiac dysfunction [26]. In
coronary artery disease patients, GDF-15 serum level was
found to be significantly elevated compared to healthy con-
trols [27]. It shows promise as a biomarker following ST-
elevation acute myocardial infarction, predicting both short-
and long-term outcomes [6]. Another recent study by Kuster
et al. demonstrated that GDF-15 is useful in predicting mid-
dle term events in stable heart failure [7]. One previous study
by Heringlake et al. could demonstrate that preoperatively
raised levels of GDF-15 were an independent predictor of
outcome following cardiac bypass surgery [9]. They showed
that including preoperatively raised GDF-15 levels of over
1.8 ng/ml in the risk stratification model (EuroSCORE II)

improved the predictive value, especially when compared to
NT-ProBNP which did not result in reclassification. Further
investigations by Guenancia et al. and Heringlake et al. could
show that preoperatively raised GDF-15 levels were associ-
ated with acute kidney injury following CABG [28, 29]. Spe-
cifically, both studies showed prolonged ICU stay as a
secondary outcome. These findings are in line with our
results and underline the usefulness of GDF-15 in cardiac
surgery patients/risk stratification. We could show that
regardless of duration of cardiopulmonary bypass, GDF-15
levels were raised similarly. This suggests that the actual com-
plexity of the cardiac surgery has no influence on preopera-
tive GDF-15 levels.

The association of patient’s outcome and raised levels of
GDF-15 is not limited to the cardiac surgery and ICU setting.
GDF-15, also known as MIC-1, is a stress-induced cytokine
belonging to the superfamily of transforming growth fac-
tor-β (TGF-β) [30]. It is weakly expressed under all physio-
logical conditions [31]. The normal range of GDF-15 has
been reported as 150-1150 pg/ml [32] and 733-999 pg/ml
[33]. Raised levels of GDF-15 are also measured in kidney
failure [16] and various types of cancer such as colon [34],
prostate [35], or melanoma [36].

Interestingly, we could demonstrate that GDF-15 showed
significant differences in terms of length of ICU stay whereby
higher levels of GDF-15 were predictive of more days on the
ICU. It was also positively associated with significantly longer
duration of mechanical ventilation. Furthermore, the rates of
severe sepsis and vasopressor use were significantly higher in
the patients with preoperatively raised GDF-15 levels. To our

Table 1: Baseline preoperative patient characteristics.

Non-PICULOS
n = 12

PICULOS
n = 12 p value

Age, years 67 (53–75) 79 (77–83) 0.032

BMI, kg/m2 27 (25–32) 26 (25–29) 0.630

Gender (male/female) 7/5 7/5 1.000

Cardiac disease, n 0.856

(i) CHD 5 4

(ii) Valvular 2 3

(iii) Combined 5 5

Comorbidity, n

(i) Respiratory 3 1 0.333

(ii) Neurological 1 0 1.000

(iii) Renal 0 2 0.478

(iv) Diabetes 3 5 0.667

(v) Malignancy 0 3 0.217

Hemoglobin, g/dl 13.8 (12.9–15.1) 13.3 (11.9–14.4) 0.269

Leukocytes, /nl 7.0 (6.1–8.4) 7.4 (5.8–7.9) 0.884

CRP, mg/ml 1.5 (1.1–2.0) 3.8 (1.2–5.3) 0.113

Creatinine, mg/dl 0.99 (0.93–1.11) 1.04 (0.97–1.20) 0.200

GFR, ml/min/1.73m2 74 (58–87) 60 (55–71) 0.068

EuroSCORE II, percent 1.34 (0.81–2.93) 3.85 (2.21–6.21) 0.007

Data are presented as median (IQR) or number (n). BMI: body mass index; CHD: coronary heart disease; CRP: complement reactive protein; GFR: glomerular
filtration rate. Significance using chi-squared test or Mann-Whitney U test where appropriate.
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knowledge, this is the first study to show this association.
However, we could not demonstrate that dialysis rates were
increased, which is thought-provoking because GDF-15 is a
biomarker for the prediction of kidney failure [37]. It was

shown that preoperative GDF-15 is a biomarker of both renal
dysfunction and muscle wasting in preoperative cardiac sur-
gery patients which could in turn contribute to prolonged
ICU stay [38].

Increased preoperative GDF-15 level might be indicative
for an already existing cellular response to advanced inflam-
mation [17]. In mice models, GDF-15 secreted by the myo-
cardium was found to act protective and antihypertrophic
[39]. Furthermore, after myocardial infarction, GDF-15
induction permitted infarct healing by limiting polymorpho-
nuclear leucocyte (PMN) recruitment. Mechanistically, the
anti-inflammatory effect of GDF-15 was caused by an inter-
ference with chemokine signaling [40].

Using univariate analysis, we demonstrated that GDF-15
levels are predictive of prolonged ICU stay. We also showed
that EuroSCORE II, SOFA, and SAPS2 scores at ICU admis-
sion and age predicted prolonged ICU stay. Raised GDF-15 is
associated with increasing age [41, 42]. We could confirm
this finding in our observations. When we performed multi-
variate analysis, we could not demonstrate further predictive
value, possibly due to the small sample size. Generally, as
stated by Wiklund et al., GDF-15 is marker of all-cause mor-
tality [43]. It is associated with age and many pathophysio-
logical processes making it a rather unspecific marker of
biological age and stress in humans.

5. Limitations

Our study has limitations that need to be addressed. The
raised levels of GDF-15 in our patients could also be caused
by other comorbidities, despite performing a selection. The
influence of inflammation, kidney function, cardiovascular
disease, and malignancy on the expression of GDF-15
remains unknown. There was also a difference in age between
both groups which is a confounding factor especially given
the fact that GDF-15 is raised in age. This influence is dem-
onstrated in the lack of predictive ability following multi-
variate analysis. Generally, the low predictive ability in
univariate logistic regression and the lack of predictive

Table 2: Postoperative, during ICU stay, patient characteristics.

Non-PICULOS
n = 12

PICULOS
n = 12 p value

CPB, minutes 106 (84–132) 125 (89–155) 0.453

SAPS II at ICU admission 47 (40–48) 53 (50–56) 0.001

APACHE II at ICU admission 20 (18–22) 24 (21–24) 0.036

SOFA at ICU admission 8 (7–9) 10 (8-10) 0.016

LOS ICU, hours 27 (18–45) 424 (264–664) 0.001

Mechanical ventilation, hours 8 (6–12) 200 (24–447) 0.001

Vasopressors, hours 12 (7–21) 227 (81–439) 0.001

Severe sepsis, n 0 9 0.002

Delirium, n 0 7 0.046

Dialysis, hours 0 93 (82–183) 0.037

Death, n 0 2 0.478

Data are presented as median (IQR) or number (n). CABG: coronary artery bypass graft; CPB: cardiopulmonary bypass; LOS: length of stay; significance using
chi-squared test or Mann-Whitney U test where appropriate.
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Figure 4: Preoperative plasma GDF-15 concentrations in patients
undergoing cardiac surgery.
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ability in multivariate regression are weaknesses of this study.
The cause of this is the limited sample size. A further limita-
tion is the prospective observational study character, yet with
a retrospective analysis of data. It was performed in a single
center without randomization. Also, we did not explore the
long-term outcome of our patients. Finally, the data might
not directly be transferable to other patient groups. However,
we particularly focused on cardiac surgery, as this group is
known to have a most pronounced perioperative risk.

6. Conclusion

We performed a broad explorative analysis of novel cyto-
kines. This allowed us to exclude cytokines that showed no
predictive value, but also identify cytokines which showed
promise as novel biomarkers. We evaluated GDF-15 both
qualitatively and quantitatively in regard to prolonged ICU
stay and confirmed its predictive value in cardiac surgery
patients. Our study is the first to demonstrate an association
between preoperatively raised GDF-15 levels and prolonged

ICU stay. Future research could include a further, prospec-
tive validation of GDF-15 as a predictor of prolonged ICU
stay both in regard to specific groups such as cardiac surgery
patients and the general population. Evaluating other clinical
predictors and biomarkers such as BNP alongside GDF-15
would be a useful further study. The clinical utility of GDF-
15 regarding positive and negative predictive values needs
to be established for predefined length of stay. Also, further
exploration of other raised or decreased cytokines could be
performed in terms of risk stratification models. Finally, an
evaluation in the form of randomized, prospective clinical
trial to further asses GDF-15 as a predictive biomarker
should be undertaken.

Data Availability

The datasets used and analyzed during the current study are
available from the corresponding author on reasonable
request.

Conflicts of Interest

The authors declare that they have no conflicts of interests.

Authors’ Contributions

HB, JB, DO, CS, and AOL were involved in the concept and
design of the study. HB and EZ collected the data and per-
formed the statistical analysis. RZ acquired ethical approval
and administrated the biobank. HB wrote the manuscript,
which JB and TP revised. All authors agreed to the publica-
tion. The authors read and approved the final manuscript.

Acknowledgments

Many thanks are due to Nadine Frank for assisting in the ini-
tial cytokine screening.

References

[1] W. F. Northrup 3rd, R. W. Emery, D. M. Nicoloff, T. J. Lillehei,
A. R. Holter, and D. P. Blake, “Opposite trends in coronary
artery and valve surgery in a large multisurgeon practice,
1979-1999,” The Annals of Thoracic Surgery, vol. 77, no. 2,
pp. 488–495, 2004.

[2] S. V. Ghotkar, A. D. Grayson, B. M. Fabri, W. C. Dihmis, and
D. M. Pullan, “Preoperative calculation of risk for prolonged
intensive care unit stay following coronary artery bypass graft-
ing,” Journal of Cardiothoracic Surgery, vol. 1, no. 1, p. 14,
2006.

[3] O. V. Hein, J. Birnbaum, K. Wernecke, M. England,
W. Konertz, and C. Spies, “Prolonged intensive care unit stay
in cardiac surgery: risk factors and long-term-survival,” The
Annals of Thoracic Surgery, vol. 81, no. 3, pp. 880–885, 2006.

[4] R. G. Ettema, L. M. Peelen, M. J. Schuurmans, A. P. Nierich,
C. J. Kalkman, and K. G. M. Moons, “Prediction models for
prolonged intensive care unit stay after cardiac surgery: sys-
tematic review and validation study,” Circulation, vol. 122,
no. 7, pp. 682–689, 2010.

[5] R. H. Jones, E. L. Hannan, K. E. Hammermeister et al., “Iden-
tification of preoperative variables needed for risk adjustment

0

500

1000

1500

2000

G
D

F-
15

 (p
g/

m
l)

2500

No sepsis
n = 15

Severe sepsis
n = 9

p = 0.002

Figure 6: Severe sepsis rates compared to plasma GDF-15 levels.

Table 3: Results of univariable and multivariable logistic regression
analyses for identifying predictors of prolonged ICU stay.

Univariable logistic
regression

Multivariable logistic
regression

OR 95% CI p OR 95% CI p

Age 1.17 1.02–1.34 0.025 1.132 0.91–1.47 0.260

Male 0.70 0.13–3.70 0.673

BMI 0.97 0.81–1.13 0.653

Diabetes 2.14 0.39–13.6 0.390

GDF-15 1.01 1.00–1.02 0.029 1.003 0.99–1.01 0.461

GFR 0.93 0.86–1.00 0.073

EuroSCORE II 1.80 1.12–3.59 0.043 1.149 0.48–2.79 0.738

CPB 1.01 0.99–1.03 0.370

SAPS II 1.50 1.06–2.13 0.022 1.140 0.71–1.94 0.562

Apache II 1.41 1.03–2.10 0.050

SOFA 2.21 1.02–4.80 0.045 1.590 0.52–8.04 0.463

BMI: body mass index; GFR: glomerular filtration rate; CPB: coronary
pulmonary bypass; SOFA: sequential organ failure assessment.

8 Disease Markers



of short-term mortality after coronary artery bypass graft sur-
gery. The Working Group Panel on the Cooperative CABG
Database Project,” Journal of the American College of Cardiol-
ogy, vol. 28, no. 6, pp. 1478–1487, 1996.

[6] F. Rueda, J. Lupón, C. García-García et al., “Acute-phase
dynamics and prognostic value of growth differentiation
factor-15 in ST-elevation myocardial infarction,” Clinical
Chemistry and Laboratory Medicine, vol. 57, no. 7, pp. 1093–
1101, 2019.

[7] N. Kuster, F. Huet, A. M. Dupuy et al., “Multimarker approach
including CRP, sST2 and GDF-15 for prognostic stratification
in stable heart failure,” ESC Heart Failure, vol. 7, no. 5,
pp. 2230–2239, 2020.

[8] S. Polineni, D. M. Parker, S. S. Alam et al., “Predictive ability of
novel cardiac biomarkers ST2, galectin-3, and NT-ProBNP
before cardiac surgery,” Journal of the American Heart Associ-
ation, vol. 7, no. 14, 2018.

[9] M. Heringlake, E. I. Charitos, N. Gatz et al., “Growth differen-
tiation factor 15: a novel risk marker adjunct to the Euro-
SCORE for risk stratification in cardiac surgery patients,”
Journal of the American College of Cardiology, vol. 61, no. 6,
pp. 672–681, 2013.

[10] A. Bihorac, L. S. Chawla, A. D. Shaw et al., “Validation of cell-
cycle arrest biomarkers for acute kidney injury using clinical
adjudication,” American Journal of Respiratory and Critical
Care Medicine, vol. 189, no. 8, pp. 932–939, 2014.

[11] R. C. Arora, R. A. Manji, R. K. Singal, B. Hiebert, and A. H.
Menkis, “Outcomes of octogenarians discharged from the hos-
pital after prolonged intensive care unit length of stay after car-
diac surgery,” The Journal of Thoracic and Cardiovascular
Surgery, vol. 154, no. 5, pp. 1668–1678.e2, 2017.

[12] M. Singer, C. S. Deutschman, C. W. Seymour et al., “The third
international consensus definitions for sepsis and septic shock
(Sepsis-3),” JAMA, vol. 315, no. 8, pp. 801–810, 2016.

[13] E. W. Ely, R. Margolin, J. Francis et al., “Evaluation of delirium
in critically ill patients: validation of the Confusion Assess-
ment Method for the Intensive Care Unit (CAM-ICU),” Crit-
ical Care Medicine, vol. 29, no. 7, pp. 1370–1379, 2001.

[14] KDIGO Board Members, “KDIGO Clinical Practice Guideline
for Acute Kidney Injury,” Kidney International. Supplement,
vol. 2, no. 1, p. 3, 2012.

[15] S. A. Nashef, F. Roques, L. D. Sharples et al., “EuroSCORE II,”
European Journal of Cardio-Thoracic Surgery, vol. 41, no. 4,
pp. 734–745, 2012.

[16] S. N. Breit, J. J. Carrero, V. W. W. Tsai et al., “Macrophage
inhibitory cytokine-1 (MIC-1/GDF15) and mortality in end-
stage renal disease,” Nephrology, Dialysis, Transplantation,
vol. 27, no. 1, pp. 70–75, 2012.

[17] J. Wischhusen, I. Melero, and W. H. Fridman, “Growth/differ-
entiation factor-15 (GDF-15): from biomarker to novel target-
able immune checkpoint,” Frontiers in Immunology, vol. 11,
p. 951, 2020.

[18] G. Lebreton, S. Merle, J. Inamo et al., “Limitations in the inter-
observer reliability of EuroSCORE: what should change in
EuroSCORE II?,” European Journal of Cardio-Thoracic Sur-
gery, vol. 40, no. 6, pp. 1304–1308, 2011.

[19] G. S. Collins and D. G. Altman, “Design flaws in EuroSCORE
II,” European Journal of Cardio-Thoracic Surgery, vol. 43,
no. 4, p. 871, 2013.

[20] J. R. Brown, T. MacKenzie, L. J. Dacey et al., “Using bio-
markers to improve the preoperative prediction of death in

coronary artery bypass graft patients,” The Journal of Extra-
Corporeal Technology, vol. 42, no. 4, pp. 293–300, 2010.

[21] E. Berendes, C. Schmidt, H. van Aken et al., “A-type and B-
type natriuretic peptides in cardiac surgical procedures,” Anes-
thesia and Analgesia, vol. 98, no. 1, pp. 11–19, 2004.

[22] J. E. Zimmerman, A. A. Kramer, D. S. McNair, and F. M. Mal-
ila, “Acute Physiology and Chronic Health Evaluation
(APACHE) IV: hospital mortality assessment for today's criti-
cally ill patients,” Critical Care Medicine, vol. 34, no. 5,
pp. 1297–1310, 2006.

[23] J. R. Le Gall, S. Lemeshow, and F. Saulnier, “A new simplified
acute physiology score (SAPS II) based on a European/North
American multicenter study,” JAMA, vol. 270, no. 24,
pp. 2957–2963, 1993.

[24] J. L. Vincent, A. de Mendonca, F. Cantraine et al., “Use of the
SOFA score to assess the incidence of organ dysfunction/fai-
lure in intensive care units: results of a multicenter, prospective
study. Working group on "sepsis-related problems" of the
European Society of Intensive Care Medicine,” Critical Care
Medicine, vol. 26, no. 11, pp. 1793–1800, 1998.

[25] I. W. Verburg, A. Atashi, S. Eslami et al., “Which models can I
use to predict adult ICU length of stay? A systematic review,”
Critical Care Medicine, vol. 45, no. 2, pp. e222–e231, 2017.

[26] K. C. Wollert, T. Kempf, and L. Wallentin, “Growth differenti-
ation factor 15 as a biomarker in cardiovascular disease,” Clin-
ical Chemistry, vol. 63, no. 1, pp. 140–151, 2017.

[27] X. Wang, L. L. Chen, and Q. Zhang, “Increased serum level of
growth differentiation factor 15 (GDF-15) is associated with
coronary artery disease,” Cardiovascular Therapeutics, vol. 34,
no. 3, 143 pages, 2016.

[28] C. Guenancia, A. Kahli, G. Laurent et al., “Pre-operative
growth differentiation factor 15 as a novel biomarker of acute
kidney injury after cardiac bypass surgery,” International Jour-
nal of Cardiology, vol. 197, pp. 66–71, 2015.

[29] M. Heringlake, E. I. Charitos, K. Erber, A. E. Berggreen,
H. Heinze, and H. Paarmann, “Preoperative plasma growth-
differentiation factor-15 for prediction of acute kidney injury
in patients undergoing cardiac surgery,” Critical Care,
vol. 20, no. 1, p. 317, 2016.

[30] M. R. Bootcov, A. R. Bauskin, S. M. Valenzuela et al., “MIC-1, a
novel macrophage inhibitory cytokine, is a divergent member
of the TGF-beta superfamily,” Proceedings of the National
Academy of Sciences of the United States of America, vol. 94,
no. 21, pp. 11514–11519, 1997.

[31] M. Mimeault and S. K. Batra, “Divergent molecular mecha-
nisms underlying the pleiotropic functions of macrophage
inhibitory cytokine-1 in cancer,” Journal of Cellular Physiol-
ogy, vol. 224, no. 3, pp. 626–635, 2010.

[32] A. R. Bauskin, D. A. Brown, T. Kuffner et al., “Role of mac-
rophage inhibitory cytokine-1 in tumorigenesis and diagnosis
of cancer,” Cancer Research, vol. 66, no. 10, pp. 4983–4986,
2006.

[33] M. Krintus, F. Braga, M. Kozinski et al., “A study of biological
and lifestyle factors, including within-subject variation, affect-
ing concentrations of growth differentiation factor 15 in
serum,” Clinical Chemistry and Laboratory Medicine, vol. 57,
no. 7, pp. 1035–1043, 2019.

[34] U. Wallin, B. Glimelius, K. Jirström et al., “Growth differenti-
ation factor 15: a prognostic marker for recurrence in colorec-
tal cancer,” British Journal of Cancer, vol. 104, no. 10,
pp. 1619–1627, 2011.

9Disease Markers



[35] D. A. Brown, F. Lindmark, P. Stattin et al., “Macrophage inhib-
itory cytokine 1: a new prognostic marker in prostate cancer,”
Clinical Cancer Research, vol. 15, no. 21, pp. 6658–6664, 2009.

[36] G. M. Boyle, J. Pedley, A. C. Martyn et al., “Macrophage inhib-
itory cytokine-1 is overexpressed in malignant melanoma and
is associated with tumorigenicity,” The Journal of Investigative
Dermatology, vol. 129, no. 2, pp. 383–391, 2009.

[37] N. Bansal, L. Zelnick, M. G. Shlipak et al., “Cardiac and stress
biomarkers and chronic kidney disease progression: the CRIC
study,” Clinical Chemistry, vol. 65, no. 11, pp. 1448–1457,
2019.

[38] T. Nakajima, I. Shibasaki, T. Sawaguchi et al., “Growth differ-
entiation factor-15 (GDF-15) is a biomarker of muscle wasting
and renal dysfunction in preoperative cardiovascular surgery
patients,” Journal of Clinical Medicine, vol. 8, no. 10, p. 1576,
2019.

[39] T. Kempf, M. Eden, J. Strelau et al., “The transforming growth
factor-beta superfamily member growth-differentiation factor-
15 protects the heart from ischemia/reperfusion injury,” Circu-
lation Research, vol. 98, no. 3, pp. 351–360, 2006.

[40] T. Kempf, A. Zarbock, C. Widera et al., “GDF-15 is an inhibi-
tor of leukocyte integrin activation required for survival after
myocardial infarction in mice,” Nature Medicine, vol. 17,
no. 5, pp. 581–588, 2011.

[41] T. Kempf, S. von Haehling, T. Peter et al., “Prognostic utility of
growth differentiation factor-15 in patients with chronic heart
failure,” Journal of the American College of Cardiology, vol. 50,
no. 11, pp. 1054–1060, 2007.

[42] M. Conte, R. Ostan, C. Fabbri et al., “Human aging and lon-
gevity are characterized by high levels of mitokines,” The Jour-
nals of Gerontology. Series A, Biological Sciences and Medical
Sciences, vol. 74, no. 5, pp. 600–607, 2019.

[43] F. E. Wiklund, A. M. Bennet, P. K. E. Magnusson et al., “Mac-
rophage inhibitory cytokine-1 (MIC-1/GDF15): a new marker
of all-cause mortality,” Aging Cell, vol. 9, no. 6, pp. 1057–1064,
2010.

10 Disease Markers


	Prognostic Value of GDF-15 in Predicting Prolonged Intensive Care Stay following Cardiac Surgery: A Pilot Study
	1. Introduction
	2. Materials and Methods
	2.1. Study Design and Patient Selection
	2.2. Cytokine Screening
	2.3. GDF-15 Measurements and Patient Selection for Further Quantitative Analysis
	2.4. Statistical Analysis

	3. Results
	3.1. Cytokine Screening
	3.2. GDF-15 Measurements
	3.2.1. Patient Characteristics
	3.2.2. GDF-15 and Outcomes

	3.3. GDF-15 Prediction

	4. Discussion
	5. Limitations
	6. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

