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Introduction

The terminology cardiorenal syndrome (CRS) is used when acute 
or chronic cardiac dysfunction induces acute or chronic renal dys 

 
function and vice versa. Acute heart failure (AHF) and/or acute cor-
onary syndrome (ACS) can lead to acute kidney injury (AKI) and 
this entity is known as CRS type 1. The development of CRS type 1 
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in patients with AHF and/or ACS is associated with increased mor-
bidity, mortality, and higher treatment costs [1]. The incidence of 
CRS type 1 is high among in-hospital AKI patients (16%) and the 
mortality is even higher than the average mortality of AKI in gen-
eral. At the same time, recovery of kidney function is less frequent 
[2]. Prediction of AKI in underlying acute cardiac diseases is of 
great importance but is not possible using conventional markers 
of renal function such as serum creatinine. Serum creatinine is the 
most widely used biomarker for the evaluation of glomerular fil-
tration rate (GFR). It is filtered by the glomerulus but will not be 
reabsorbed by the renal tubules and is insensitive to tubular im-
pairment that occurs in AKI [3].

New serum and urinary biomarkers are now emerging but 
some of them are not excellent in predicting AKI in acute heart dis-
orders. Although neutrophil gelatinase-associated lipocalin (NGAL) 
correlates with tubular epithelial damage, and its levels in urine 
are increased in AKI, the diagnostic and prognostic ability of NGAL 
for prediction of CRS type 1 in AHF patients is limited and NGAL 
is not superior to creatinine [4]. Proinflammatory cytokines may 
induce apoptosis and necrosis through the activation of death-sig-
naling receptors and, indirectly, through an increase in reactive 
oxygen substrate production. Interleukin-18 (IL-18), as an active 
proinflammatory cytokine involved in renal ischemia-reperfusion 
injury, showed the potential for AKI diagnosis in patients with AHF 
[5]. Although inflammation and oxidative stress seem to play an 
important role in the pathophysiology of CRS type 1, studies that 
addressed the role of IL-18 in the detection of AKI in patients with 
AHF and/or ACS are scarce [6,7].

When released from cardiomyocytes, B-type natriuretic pep-
tide (BNP) plays a diuretic, natriuretic, and vasodilative role and 
correlates with renal function as well as cardiovascular and all-
cause mortality rates but studies related to BNP as a biomarker of 
CRS type 1 are also lacking [8,9]. Cystatin C is produced by nuclear 
cells and is completely filtered and reabsorbed by the kidneys and 
has a great potential for the prediction of chronic kidney disease 
(CKD) and cardiovascular events. Some authors revealed its po-
tential as a biomarker of AKI. Also, serum cystatin C showed better 
results in predicting AKI compared to urine cystatin C [10]. This 
study aimed to investigate the predictive ability of serum cystatin 
C, serum and urine IL-18, and plasma BNP in the detection of CRS 
type 1 in patients with acute cardiac diseases (AHF and/or ACS) 
and to compare the predictive ability of these biomarkers in the de-
tection of CRS type 1. Also, we aimed to evaluate the survival rate 
of patients with acute cardiac diseases according to the CRS type 1 
development.

Materials and Methods

Study design

This prospective, longitudinal study included patients diag-
nosed with acute cardiac diseases (AHF and/or ACS) and hospital-
ized at the intensive care unit (ICU) of the Clinic for Heart Diseases 
and the Nephrology Clinic in the Clinical Center of the University 
of Sarajevo. Patients were monitored during hospitalization and 6 
months after discharge. The inclusion criteria were age ≥18 years, 

diagnosis of AHF and/or ACS, and hospital stay ≥24 hours. The ex-
clusion criteria encompassed patients with end-stage of renal dis-
ease, patients on previous chronic dialysis treatment, and patients 
with kidney transplants. Informed consent was provided for all 
included patients. Relevant clinical and laboratory parameters as 
well as monitored biomarkers (serum cystatin C, serum and urine 
IL-18, and plasma BNP) were determined at the hospital admission 
of patients. Plasma BNP level was measured by immunometric as-
say method. Serum and urine IL-18 were measured by ELISA (R&D 
Systems). Serum cystatin C was also measured by ELISA (R&D Sys-
tems).

Definitions

Cardiorenal syndrome type 1 was diagnosed in patients who 
developed AKI due to AHF and/or ACS as recommended by the 
Acute Dialysis Quality Initiative group [11]. Acute cardiac diseases 
encompassed the diagnosis of AHF and/or ACS. Acute heart failure 
was diagnosed according to the recommendations of the Europe-
an Society of Cardiology [12]. Acute coronary syndrome included 
the diagnosis of unstable angina pectoris, ST-elevation myocardial 
infarction, and non-ST-elevation myocardial infarction. Acute myo-
cardial infarction was defined using the consensus recommenda-
tions of international experts in the field of cardiology [13]. Acute 
kidney injury was diagnosed according to the Acute Kidney Injury 
Network criteria as a rise in creatinine of ≥26μmol/l, or a rise in 
creatinine of ≥50% from its baseline value and/or a decrease in 
urine output below 0.5ml/kg/h for 6h or more during 48 h frame 
time [14]. If previous serum creatinine was not available, the Modi-
fication of Diet in Renal Disease equation [15] was used to estimate 
the baseline serum creatinine, assuming a normal baseline GFR of 
75 mL/min/1.73 m2. Previous comorbidities like anemia, hyper-
tension, diabetes mellitus, chronic obstructive pulmonary disease 
(COPD), and cerebrovascular disease were registered for all pa-
tients at admission.

Outcomes

The primary outcome of all patients with acute cardiac diseases 
was the occurrence of CRS type 1. The secondary outcome was the 
length of hospital stay, in-hospital and 6-month mortality.

Statistical analysis

Statistical analysis was done using the Statistical Package for 
Social Sciences software (SPSS, version 17.0). Continuous varia-
bles were expressed as means ± standard deviation (SD) or me-
dians (with 25th and 75th percentiles) values and were tested by 
the student t-test, Mann-Whitney U test, or ANOVA, as appropriate. 
Categorical variables were presented as numbers and percentag-
es and were compared using the Chi-squared test. The specificity 
and sensitivity of biomarkers in differentiating CRS type 1 were 
evaluated with the Receiver Operating Characteristics curve (ROC) 
curve. Independent predictors for establishing the diagnosis of CRS 
type 1 were determined using logistic regression analysis. 6-month 
survival of patients with acute heart disorders according to the 
development of CRS type 1 was estimated by the Kaplan-Meier 
method. Life tables were applied to calculate 6-month survival. The 
Kaplan-Meier survival curves were formed according to the moni-
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tored variables. The curves were compared with the log-rank test. 
Accepted statistical significance was p<0.05.

Results

Of 131 patients diagnosed with acute cardiac diseases, CRS type 
1 was detected in 56 patients (42.8%). Patients with CRS type 1 was 
significantly older with significantly higher mean values of erythro-
cyte sedimentation rate (ESR), higher mean concentrations of C-re-
active protein (CRP), uric acid, proteinuria, and albuminuria, and 
significantly higher average concentrations of globulin, cholesterol, 
and low-density lipoprotein (LDL) compared to the patients with-
out CRS type 1. On the contrary, red blood cell count, hemoglobin, 
hematocrit, and albumins were significantly lower in patients with 
CRS type 1 patients. Prevalence of anuria, oliguria, preexistent CKD, 
diabetes mellitus, COPD, cerebrovascular diseases, and anemia was 
significantly higher in patients with CRS type 1 in comparison to the 
patients without CRS type 1. Mean concentrations of serum cystatin 
C, serum and urine IL-18, and plasma BNP were significantly higher 
in patients with CRS type 1 compared with patients without CRS 
type 1.

Patients with CRS type 1 had significantly longer hospital stay 
and higher 6-month mortality in comparison to the patients with-
out CRS type 1 (Table 1). At a cut-off of 1.34 mg/L, serum cystatin C 
showed a sensitivity of 78.2%, and specificity of 80.3% (AUC 0.903, 
p<0.001) for detecting CRS type 1 in patients with acute cardiac dis-
eases. At a cut-off value of 159.4 pg/mL, serum IL-18 had a sensitiv-

ity of 74.5% and specificity of 76.3% (AUC 0.84, p<0.001), while at 
a cut-off value of 22.19 pg/mL, urine IL-18 showed the same sensi-
tivity and specificity of 61.8% (AUC 0.68, p=0.001) for establishing 
the diagnosis of CRS type 1 in patients with acute cardiac diseases. 
At a cut-off value of 796.6 pg/mL, the sensitivity of plasma BNP was 
67.3%, and the specificity was 68.4% (AUC 0.78, p<0.001) for the 
CRS type 1 diagnosis (Table 2). ROC curves, graphically presented 
at Figure 1, showed that serum cystatin C was the best biomarker 
for establishing the diagnosis of CRS type, followed by serum IL-18 
as also a strong biomarker for CRS type 1 detection, while plasma 
BNP and urine IL-18 showed modest ability for establishing the di-
agnosis of CRS type 1.

In the model of logistic regression analysis (Table 3), serum 
cystatin C [OR=21.782; 95% CI (0.795-0.967)] and serum IL-18 
[OR=1.004; 95% CI (1.002-1.008)] were independent predictors of 
the occurrence of CRS type 1 in patients with acute cardiac diseases 
(p<0.001). With each increase of serum cystatin C by 0.1 mg/L, the 
probability of CRS type 1 increased 2.178 times. The Kaplan-Mei-
er survival analysis showed a statistically significant difference 
(p=0.001) in the survival rate of patients with acute cardiac diseas-
es according to the development of CRS type 1 (Figure 2). In pa-
tients with CRS type 1, the overall 6-month survival after hospital 
discharge was 65.3% (32/49), and the average survival time was 
137.6 [95% CI (119.5-155.7)] days. In patients without CRS type 
1, 6-month survival was 90.1% (64/71), and the average survival 
time was 169.3 [95%CI (161.0-177.5)] days.

Table 1: Baseline parameters, biomarkers concentrations, and outcomes in patients with acute cardiac diseases according to the development of 

CRS type 1.

CRS type 1

(n=56)

No CRS type 1

(n=75)
p

Age (years) 74.4±10.0 65.5±11.6 <0.001*

Male (n, %) 34 (39.5%) 52 (60.5%) 0.2

Tobacco  smoking (n, %) 25 (43.1%) 33 (56.9%) 0.54

ESR 32.5 (8.8-60.5) 10.0 (4.0-27.0) 0.0001*

WBC (x109/L) 10.6±5.5 10.0±3.0 0.82

RBC (x1012/L) 4.4±0.8 4.9±0.5 0.001*

Hemoglobin (g/L) 126.7±25.7 141.6±16.6 0.001*

Hematocrit  (%) 39.1±7.9 42.9±4.7 0.001*

CRP (mg/L) 25.4 (10.0-54.2) 6.3 (2.9-26.3) 0.0001*

Uric acid (µmol/L)
519.0

(439.0-690.0)

349.5

(292.8-445.8)
0.001*

Cholesterol (mmol/L) 4.9±1.25 4.0±1.23 0.000*

Triglycerides (mmol/L) 1.3(1.0-1.9) 1.25(0.9-1.6) 0.07

HDL (mmol/L) 1.13±0.6 0.93±0.3 0.16

LDL (mmol/L) 3.2±1.2 2.6±1.4 0.045*

VLDL (mmol/L) 0.71±0.3 0.81±1.1 0.7

Globulins (g/L) 37.1±5.5 33.7±5.0 0.000*
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Albumins (g/L) 32.7±5.2 37.2±4.5 0.000*

Proteinuria (g/24h) 0.84 (0.3-1.33) 0.21 (0.12-0.36) <0.001*

Albuminuria (mg/24h) 56.7 (29.3-450.8) 26.2 (14.2-56.2) <0.001*

Anuria

(<100 mL/24h)
11 (9.6%) 0

0.001*Oliguria

(100-400 ml/24h)
10 (17.9%) 3 (4.0%)

Diuresis >400 ml/24 h 34 (62.5%) 72 (96.0%)

Preexistent CKD (n, %) 27 (48.2%) 20 (26.7%) 0.033*

Diabetes mellitus (n, %) 32 (57.1%) 23 (30.7%) 0.002*

Hypertension (n, %) 42 (75.0%) 48 (64.0%) 0.12

COPD (n, %) 21 (37.5%) 10 (13.3%) 0.02*

Cerebrovascular disease (n, %) 17 (30.4%) 10 (13.3%) 0.028*

Anemia (n, %) 31 (55.4%) 13 (17.3%) <0.001*

Serum cystatin C (mg/L) 1.97 (1.43-2.67) 1.08 (0.87-1.28) p<0.001*

Serum IL-18 (pg/mL) 258.3 (157.4-567.8) 46.7 (12.27-154.2) p<0.001*

Urine IL-18 (pg/mL) 103.9 (0.00-188.0) 0.00 (0.0-55.7) p<0.001*

Plasma BNP  (pg/mL) 1222.8 (600.5-2391.4) 358.5 (162.3-878.6) p<0.001*

Hospital stay (days) 15.0 (11.0-22.0) 12.0 (10.0-15.0) p=0.008*

In-hospital mortality (n, %) 7 (12.5) 4 (5.3) p=0.112

6-month mortality (n,%) 17 (34.7) 7 (9.9) p=0.003*

Table 2: Sensitivity and specificity of biomarkers in the detection of CRS type 1.

Variable AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%) 95% CI p

Serum cystatin C (cut-off 1.34 mg/L) 0.903 78.2 80.3 74.1 83.6 0.85-0.95 <0.001*

Serum IL-18 (cut-off 159.4 pg/mL) 0.84 74.5 76.3 69.5 80.6 0.77-0.91
<0.001*

Urine IL-18 (cut-off 22.19 pg/mL) 0.68 61.8 61.8 54.0 69.1 0.58-0.77 0.001*

Plasma BNP (cut-off 796.6 pg/mL) 0.78 67.3 68.4 60.7 74.3 0.7-0.86 <0.001*

CRS, cardiorenal syndrome; AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval; IL-18, 
interleukin-18; BNP, B-type natriuretic peptide. 

* p <0.05.

Table 3: Independent predictors of CRS type 1 in patients with acute cardiac diseases.

Model B Standard error p OR 95% CI

Cystatin C 3.081 0.787 0.000* 21.782 0.795-0.967

Serum

IL-18
0.004 0.002 0.032* 1.004 1.002-1.008

Dependent variable: CRS type 1

CRS, cardiorenal syndrome; OR, odds ratio; CI, confidence interval; IL-18, interleukin-18.

* p <0.05.
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Figure 1: ROC curves for plasma BNP, serum cystatin C, serum, and urine IL-18 in the detection of CRS type 1.

Figure 2: Kaplan–Meier curve for the 6-month survival of patients with acute cardiac diseases according to the diagnosis of CRS type 1.

Discussion

The present study showed that serum cystatin C and serum IL-
18 are very good biomarkers, with high sensitivity and specificity 
by ROC analysis, for the early detection of CRS type 1 in patients 
with acute cardiac diseases, while plasma BNP and urine IL-18 
have modest results as biomarkers for the CRS type 1 detection. In 

logistic regression analysis, only serum cystatin C and serum IL-8 
proved to be independent predictors for establishing the diagno-
sis of CRS type 1 in patients with acute cardiac diseases (AHF and/
or ACS). Cardiorenal syndrome type 1 is worsening the prognosis 
of patients with acute cardiac diseases with significantly lower 
6-month survival if CRS type 1 occurs in acute cardiac patients. This 
study found that 42.8% of patients hospitalized with acute cardiac 
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diseases (AHF and/or ACS) developed CRS type 1. The prevalence 
of CRS type 1 in patients admitted with AHF ranges from 10% to 
71%, with an average of ∼32% worldwide [16]. In this study, pa-
tients with CRS type 1 had significantly higher mean values of ESR, 
CRP, and uric acid, and significantly higher average values of choles-
terol, and LDL compared to the patients without CRS type 1.

Other authors also demonstrated increased activity of inflam-
matory markers in a syndrome that involves two organs compared 
to conditions involving only one organ. Parameters of lipid status as 
indirect indicators of inflammation are also used in the differentia-
tion of CRS [17]. Higher concentrations of uric acid in patients who 
developed AKI during hospitalization were confirmed previously 
[18]. Hyperuricemia is also a risk factor for AKI occurrence in pa-
tients undergoing cardiac surgery [19]. It is believed that uric acid 
can contribute to the development of AKI not only due to increased 
deposition of uric acid crystals in tumor lysis syndrome but also 
through other pathogenetic mechanisms. An increase in uric acid 
in experimental models causes renal vasoconstriction, impaired 
autoregulation, pro-inflammatory effects, and eventually reduced 
renal flow and drop in GFR. There is also the possibility that high 
concentrations of uric acid cause inflammation, which plays an 
important role in the development of heart failure [20]. Regarding 
significantly lower serum albumin concentrations in our patients 
diagnosed with CRS type 1, this can be explained by accelerated 
protein degradation and reduced albumin synthesis in AKI in re-
sponse to an inflammatory state.

The adverse effect of hypoalbuminemia on renal function was 
previously confirmed in a meta-analysis of 11 studies, where hy-
poalbuminemia was shown to be an independent predictor of AKI 
development in hospitalized patients [21]. In the present study, pa-
tients with acute heart disorders who developed CRS type 1 had 
significantly higher concentrations of monitored biomarkers: se-
rum cystatin C, serum and urine IL-18, and plasma BNP compared 
to the patients without CRS type 1 diagnosis. Other authors had 
similar results, with significantly higher concentrations of serum 
cystatin C, serum IL-18, and plasma BNP in CRS type 1 patients, but 
without significant difference in the urine IL-18 concentrations be-
tween patients with and without CRS type 1 [22]. Serum cystatin C 
has shown good predictive ability for detecting AKI in ICU patients 
and cardiac surgery patients [23,24]. Our ROC curve analysis found 
that serum cystatin C (at a cut-off value of 1.34 mg/L) had excellent 
predictive ability for CRS type 1 detection with 78.2% sensitivity 
and 80.3% specificity in establishing diagnosis of CRS type 1 in pa-
tients with acute cardiac diseases (AUC 0.903, p<0.001).

A similar sensitivity of 77% and a slightly higher specificity of 
91% of serum cystatin C (at a cut-off value of 1.8 mg/L) in the de-
tection of CRS type 1 was confirmed by Chen et al. In our study, all 
biomarkers, including serum cystatin C, were measured at hospital 
admission. Previous study showed very little variation in AUC val-
ues for serum cystatin C, regardless of whether its concentrations 
were measured in the 1st, 6th, 12th, or 24th hour after admission. 
All four cystatin C measurements performed within the first 24 
hours of hospital admission had very good diagnostic values for 
AKI with AUC ≥0.86 [25]. The predictive ability of IL-18 for estab-

lishing the diagnosis of AKI was already investigated in cardiac sur-
gery patients, ICU and non-ICU patients as well as pediatric patients 
with rather conflicting results and large differences in the cut-off 
values of IL-18 for AKI diagnosis, maybe due to the diversity of pa-
tient populations in these studies [26,27]. Despite the importance 
of immune mechanisms in the pathophysiology of CRS type 1, stud-
ies regarding the role of IL-18 in detecting CRS type 1 are scarce.

Serum IL-18 showed a very good ability for early detection of 
CRS type 1 both in our study and the two studies of other authors. 
At a cut-off value of 159.4 pg/mL, serum IL-18 had 74.5% sensi-
tivity and 76.3% specificity for diagnosing CRS type 1 (AUC 0.84, 
p<0.001) in the present study. In the study of Chen et al., its sensi-
tivity and specificity were slightly higher (97% sensitivity and 84% 
specificity) at a cut-off value of 374 pg/mL. The good predictive 
ability of serum IL-18 for the detection of CRS type 1 in ACS was 
also confirmed in the study of Panagoutsos et al. On the contrary, 
urine IL-18 showed modest results in the prediction of CRS type 
1 development in our study, and even worse predictive ability in 
studies of other authors. At a cut-off value of 22.19 pg/mL, urine IL-
18 showed 61.8% sensitivity and the same specificity in detecting 
CRS type 1 (AUC 0.68, p=0.001) in the present study. In the studies 
of Verbrugge et al. and Panagoutsos et al., both performed a very 
small sample of patients with AHF and acute myocardial infarction, 
respectively, urine IL-18 was not confirmed as a significant bio-
marker of CRS type 1 development.

B-type natriuretic peptide is a proven diagnostic marker of 
heart failure, whose concentrations are rising as a response to in-
creased myocardial tension, while the significance of BNP in ACS is 
more prognostic. However, its predictive ability in establishing the 
diagnosis of CRS type 1 in acute cardiac patients was not widely in-
vestigated. Our study showed that plasma BNP had a modest ability 
to predict CRS type 1. At a cut-off value of 796.6 pg/mL, plasma BNP 
had 67.3% sensitivity and 68.4% specificity (AUC 0.78, p<0.001) 
in detecting CRS type 1 in patients with AHF and/or ACS. In com-
parison with our study, BNP had a slightly lower sensitivity of 62% 
and the same specificity of 68% for detecting AKI in patients with 
ACS undergoing coronary intervention in the study of other authors 
[28]. In the study by Palazzuoli et al., plasma BNP was not proven to 
be a good biomarker for CRS type 1 detection (AUC 0.54, p=0.32). 
On the contrary, the N-terminal prohormone of brain natriuretic 
peptide (NT-proBNP) had a higher predictive value for CRS type 1 
in a recent study [29].

The development of CRS type 1 in patients with acute heart 
disorders is a risk factor for prolonged hospital stay and increased 
mortality [1], which supports the results of our research in which 
the development of CRS type 1 in patients with acute cardiac dis-
eases was associated with a significantly longer hospital stay and 
higher 6-month mortality. The Kaplan-Meier curve showed a statis-
tically significant difference in the 6-month survival rate between 
patients with and without CRS type 1 in the present study, which 
is in accordance with the results of other authors [30]. The overall 
6-month survival of our patients with CRS type 1 was 65.3%, while 
the 6-month survival of patients without CRS type 1 was 90.1%. 
A large study that included 1912 patients hospitalized for ACS re-
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vealed that the effect of CRS type 1 on mortality during the hospital 
stay was greater than the sum of the effects of the components of 
this syndrome separately. Also, the severity of CRS type 1 was an 
important factor for the mortality.

Cardiorenal syndrome type 1 accounted for more than 50% of 
all mortality, and its positive predictive value was 30% in-hospital 
and 50% after discharge [31]. The present study had several limi-
tations which we would like to mention. First, it was a single-center 
study. Second, rather a small number of patients was included. 
Third, more tubular damage biomarkers could be evaluated for a 
broader assessment of biomarker predictive abilities in CRS type 1. 
Further investigations with a panel of more biomarkers addressed 
to tubular damage, and inflammation, as well as stress markers are 
needed in the future to identify the best biomarker for early detec-
tion, risk stratification, and prognosis of CRS type 1.

Conclusion

Comparative ROC curve analysis showed that serum cystatin C 
was the strongest biomarker for CRS type 1 detection in patients 
with acute cardiac diseases (AHF and/or ACS), followed with also 
very good biomarker serum IL-18, while the predictive ability of 
urine IL-18 and plasma BNP as biomarkers for CRS type 1 detec-
tion was modest. In logistic regression analysis, only serum cystatin 
C and serum IL-8 proved to be independent predictors for estab-
lishing the diagnosis of CRS type 1 in acute cardiac patients. Early 
detection of CRS type 1 is of great importance because CRS type 1 
is worsening the prognosis of patients with acute cardiac diseases. 
The 6-month survival rate of acute cardiac patients is significantly 
declining if CRS type occurs.
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