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Abstract 

Introduction: Cardiorenal syndrome type 1 (CRS1) is a syndrome characterized by a rapid worsening of cardiac function leading to acute 
kidney injury (AKI) and causing high mortality rates. We aimed to evaluate in-hospital and postdischarge outcomes of patients with CRS1 and to 
identify the risk factors for adverse outcomes of kidney function and mortality in CRS1 patients.

Methods: This prospective cohort study included a total of 56 acute heart failure (AHF) and acute coronary syndrome (ACS) patients diagnosed 
with CRS1. Patients were followed up during the hospital stay and six months after hospital discharge. In-hospital and six-month mortality as well as 
AKI severity, AKI progression, postdischarge development or progression of chronic kidney disease (CKD) were collected for analysis. 

Results: The commonest stage of AKIN was stage 1 (46.4%), followed by stage 2 (28.6%) and stage 3 (25.0%). Progression of AKI occurred 
in 44.6% of patients, and 21.8% of patients underwent hemodialysis. Occurrence of CKD three months after discharge was observed in 55.2% of 
patients. The in-hospital and six-month mortality were 12.5% and 34.7%, respectively. Cox regression analysis revealed that the Charlson comorbidity 
index (CCI) score and AKIN stage 3 were independent prognostic factors of six-month mortality, while increased plasma B-type natriuretic peptide 
(BNP) levels, Acute Physiology and Chronic Health Evaluation (APACHE) II score and hemodialysis were independent predictors of overall mortality. 
Multivariate regression analysis identified plasma BNP as the independent prognostic factor of CKD development and serum cystatin C as the 
independent predictor of AKIN stage 3 and the need for hemodialysis.

Conclusion: Development of CRS1 in patients with AHF and ACS is associated with poor postdischarge survival and adverse outcomes of kidney 
function. Plasma BNP, serum cystatin C, and AKIN severity staging criteria may be a useful tool for predicting mortality and adverse kidney outcomes 
in CRS1.
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Introduction
Heart-kidney interactions are being recognized as very 

important in the prognosis of each organ individually. Cardiovascular 
diseases are reported to be the main cause of mortality in over 
50% of patients with renal failure, while impaired renal function 
significantly increases the mortality of patients with heart failure 
[1]. Syndromes that describe the interaction between the heart and 
kidneys are now defined and classified [2] but their prevention 
and treatment are fragmented and focused on one organ system. 
Cardiorenal syndromes (CRS) are defined as disorders of the heart 
and kidneys whereby acute or chronic dysfunction in one organ 
may induce acute or chronic dysfunction of the other. Clinical CRS is 
classified into five distinct types. CRS type 1 (CRS1) is characterized 
by an acute worsening of cardiac function leading to acute kidney 
injury (AKI). The most common etiologies for acute cardiac events 
include acute heart failure (AHF), acute coronary syndrome (ACS), 
and cardiac surgeries. The presence of AKI in the setting of acute 
cardiac diseases is a very common finding. Cardiorenal syndrome 
type 1 has been described in 27-45% of hospitalized AHF patients, 
9-54% of ACS patients [3], and 22.1% of patients that underwent 
cardiac surgery [4].

The mechanisms underlying the CRS1 are multifactorial, 
including hemodynamic alterations, neurohormonal effects, and 
inflammatory components. There are several major contributors, 
including the sympathetic nervous system (SNS), the renin-
angiotensin-aldosterone system (RAAS), the arginine vasopressin 
system, alterations in the immune response with apoptosis, and 
cytokine release. Reduced renal perfusion due to the presence of 
systolic dysfunction and decreased cardiac output is one of the 
most important etiological factors because compromised renal 
perfusion overactivates the RAAS. Moreover, elevated central 
venous pressure and renal venous congestion, which occurs as a 
response to hypotension and decreased cardiac output, may also be 
associated with the development of CRS1 [5].

AKI development may be the consequence of the basal clinical 
characteristics of patients, different primary kidney diseases, and 
hemodynamic status [6]. Patients who develop AKI after an acute 
cardiac event have a significantly high morbidity, an increased stroke 
risk, longer hospitalization, and a greater incidence of readmission. 
CRS1 is also correlated with increased risk for short-term and 
long-term mortality after an episode of AKI [4]. In the past decade, 
cardiac and renal biomarkers confirmed their predictive value in 
detecting AKI in the setting of acute cardiac disorders. High serum 
levels of B-type natriuretic peptide (BNP), soluble suppression of 
tumorigenicity 2 (sST2), neutrophil gelatinase-associated lipocalin 
(NGAL), and cystatin C were associated with an elevated risk of 
AKI in patients with ST-segment elevation myocardial infarction 
undergoing percutaneous coronary intervention [7]. In coronary 
intensive care unit (CICU) patients, serum cystatin, serum and 
urinary NGAL as well as serum IL-18 had good prognostic ability 
in detecting AKI [8]. Furthermore, renal and cardiac biomarkers 
were also evaluated in predicting mortality and severity of AKI 
in CRS1 patients in few studies. However, the only renal function 
outcome that was assessed was AKI progression [9-11]. Not many 

studies investigated a larger number of outcomes in CRS1 patients 
including not only in-hospital and postdischarge mortality but 
diverse renal function outcomes (staging of AKI, progression of AKI, 
and development of chronic kidney disease-CKD after AKI episode). 
Moreover, to our knowledge, the prognostic ability of renal and 
cardiac biomarkers to predict the development of de novo CKD 
and the progression of underlying CKD after AKI episode in CRS1 
patients has not been the focus of interest yet. Identifying a useful 
and precise biomarker to predict in-hospital and postdischarge 
mortality, as well as diverse renal function outcomes after an 
episode of AKI in patients with acute cardiac illness, seems to be 
challenging.

The present study was designed to evaluate several in-hospital 
and postdischarge outcomes of patients with CRS1 and to identify 
the risk factors for adverse outcomes of kidney function and 
mortality in CRS1 patients.

Materials and Methods 
Study cohort

This prospective cohort study was conducted at CICU in the 
Clinical Center University of Sarajevo. We included AHF and/or ACS 
patients hospitalized during the 18-month period but the study 
cohort consisted only of AHF and/or ACS patients diagnosed with 
CRS1 in the first 48 hours of hospitalization. CRS1 patients were 
followed up during the hospital stay and six months after hospital 
discharge. In-hospital and six-month mortality was collected 
for analysis. The outcome of kidney function was assessed three 
months after hospital discharge.

The inclusion criteria were adult patients diagnosed with AHF 
and/or ACS with a length of hospital stay longer than 24 hours. 
Exclusion criteria were as follows: history of end-stage renal 
disease requiring dialysis or with previous kidney transplantation 
and unable to provide informed consent. Written informed consent 
was obtained from all patients. 

Definitions
Because the majority of patients in CICU received diuretics, 

AKI was defined and staged according to serum creatinine-based 
criteria per the Acute Kidney Injury Network (AKIN) criteria within 
the first 48 hours of hospitalization. We defined AKI in patients 
with an absolute increase in serum creatinine of 0.3 mg/dL (≥26.4 
μmol/L) or more or a percentage increase in serum creatinine of 
50% or more (1.5-fold from baseline). The diagnosis of CRS1 was 
confirmed in patients who developed AKI following acute cardiac 
illness (AHF, ACS, or both) [12]. The diagnosis of AHF was based on 
the European Society of Cardiology Criteria [13].

The estimated glomerular filtration rate was calculated using 
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI 
creatinine) equation [14]. Chronic kidney disease was recorded 
in patients with documented estimated glomerular filtration rate 
(eGFR) <60 mL/min and a history lasting >3 months. Patients 
who did not have medical records in Clinical Center University of 
Sarajevo were diagnosed with CKD using another institution`s data 
for the 3 months before admission. Antecedents of hypertension, 
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diabetes mellitus, chronic obstructive pulmonary disease 
(COPD), cerebrovascular disease, and anemia were recorded 
for all patients. A diagnosis of hypertension was noted when the 
patients were taking antihypertensive medication or if their blood 
pressure in the hospital was ≥140/90 mmHg at least twice, and 
diabetes mellitus was recorded when the patients were receiving 
antidiabetic treatment or if their fasting serum glucose was > 6.9 
mmol/L at least twice. Anemia was defined as a plasma hemoglobin 
concentration <135 g/L in men (<132 g/L in men over the age of 
70) or <120 g/L in women. Comorbid conditions were calculated 
by the Charlson comorbidity index (CCI) score [15]. Illness severity 
was assessed and calculated using Acute Physiology and Chronic 
Health Evaluation (APACHE II) score [16].

In-hospital and postdischarge prognosis
The in-hospital outcomes of CRS1 patients were AKI 

progression and severity, need for acute hemodialysis, length of 
hospital stay, and in-hospital mortality. Postdischarge outcomes 
were the outcome of kidney function three months after hospital 
discharge and six-month mortality. AKI severity was defined by 
the AKIN classification which defines three stages of AKI [17]. 
Progression of AKI was defined by worsening AKIN stage in the 
first seven days of hospitalization. The outcome of renal function 
was evaluated three months after the hospital discharge of CRS1 
patients. In CRS1 patients without pre-existing CKD, new onset CKD 
was recognized if eGFR sustained reduced <60 ml/min/1.73m2 
three months after the AKI episode, according to Kidney Disease: 
Improving Global Outcomes (KDIGO) recommendations [18]. CKD 
progression was defined as incremental progression to a higher 
CKD stage (including the transition from stage 3A to stage 3B of 
CKD) in CRS1 patients with pre-existing CKD. CKD was classified 
into five stages according to KDIGO recommendations [19].

Measuring of acute kidney injury biomarkers
Serum cystatin C was measured by ELISA (R&D Systems). Serum 

and urine interleukin-18 (IL-18) were measured by ELISA (R&D 
Systems). Plasma BNP level was measured by immunodimetric 
assay method.

Statistical analysis
Categorical variables were expressed as numbers and 

percentages and compared by the Chi-square test or Fischer’s exact 
test. Continuous variables were presented as means ±SD, medians 
with interquartile ranges as appropriate, and compared with 
the Student t test and Man-Whitney U test. Multivariate logistic 
regression analysis was used to assess the determinants of renal 
function outcomes. Variables with p<0.05 in the univariate hazard 
analysis were further analyzed by multivariate hazard analysis to 
identificate the independent predictors of mortality. Data were 
presented as odds ratios (ORs) with 95% confidence intervals 
(CIs). A p-value less than 0.05 was considered to be statistically 
significant. Data were analyzed with the SPSS version 17.0 (SPSS, 
Chicago, Illinois).

Results
The patient cohort consisted of 56 CRS1 patients hospitalized 

at CICU of the Clinical Center University of Sarajevo. In the CRS1 
patients, the average age was 74.4±10.0, male accounted for 39.5%. 
The mean eGFR was 64.9±20.7 mL/min/1.73 m2. A history of 
CKD was found in 48.2% of patients, and a history of diabetes and 
hypertension in 75.0% and 57.1% of patients, respectively. The 
mean ejection fraction (EF) was 37.9±11.2 with systolic dysfunction 
(EF <50%), and diastolic dysfunction (E-wave and A-wave ratio-E/
A<1) in 75% of patients. At the time of hospitalization, the mean 
arterial pressure (MAP) was 101.4±23.8 and heart rate 107.6±25.1 
beats per minute (bpm), 48.2% of patients had atrial fibrillation 
and 23.2% of them had sinus tachycardia. The most common 
underlying factor for CRS1 development was AHF (89.3%) and the 
most common cause of AHF was coronary artery disease (53.8%), 
followed by cardiomyopathy (17%), valvular heart disease 
(16%) and hypertension (13.2%). One of the forms of the clinical 
presentation was pulmonary edema (25.5%) and pleural effusion 
(30.5%), and more than one-third of patients (37.5%) had low urine 
output <400 ml. The baseline characteristics (demographic data, 
laboratory values, clinical findings, and levels of AKI biomarkers) of 
CRS1 patients are presented in (Table 1).

Table 1: The baseline characteristics of patients with cardiorenal syndrome type 1.

Age (Years) 74.4±10.0

Gender, Male, n  (%) 34 (39.5%)

Leukocytes  (x109/L) 10.6±5.5

Hemoglobin (g/L) 126.7±25.7

Serum sodium (mmol/L) 139.2±4.7

BUN (mmol/L) 11.5 (8.6-17.1)

Serum creatinine (µmol/L) 118.0 (90.0-159.0)

eGFR (mL/min/1.73 m2) 64.9±20.7

Albuminuria (mg/24h) 56.7 (29.3-450.8)

Troponin I (μg/L) 0.08 (0.05-0.53)

Albumin (g/L) 32.7±5.2

CRP (mg/L) 25.4 (10.0-54.2)

Uric acid (µmol/L) 519.0 (439.0-690.0)
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APACHE II score 15.2±4.5

CCI score 8.1±1.9

Comorbidities

CKD, n (%) 27 (48.2%)

Diabetes, n (%) 32 (57.1%)

Hypertension, n (%) 42 (75.0%)

COPD, n (%) 21 (37.5%)

Cerebrovascular disease, n (%) 17 (30.4%)

Anemia, n (%) 31 (55.4%)

Etiology of CRS1

AHF, n (%) 50 (89.3%)

ACS, n (%) 1 (1.8%)

AHF and ACS, n (%) 5 (8.9%)

Causes of  AHF

Coronary artery disease 57 (53.8%)

Cardiomyopathy 18 (17%)

Valvular heart disease 17 (16%)

Hypertension 14 (13.2%)

Clinical presentation

Mean arterial pressure (mmHg) 101.4±23.8

Heart rate (bpm) 107.6±25.1

Atrial fibrillation, n (%) 27 (48.2%)

Sinus tachycardia, n (%) 13 (23.2%)

Pleural effusion, n (%) 17 (30.9%)

Pulmonary edema, n (%) 14 (25.5%)

Urine output <400 ml, n (%) 21 (37.5%)

Echocardiographic Parameters

EF (%) 37.9±11.2

EF <50%, n (%) 42 (75%)

EF <35%, n (%) 26 (46.4%)

LVMI (g/m2) 144.6±37.6

LAD (mm) 47.9±12.6

E/A 0.85±0,31

E/A <1, n (%) 42 (75%)

E/A <0.7, n (%) 21 (38.2%)

AKI Biomarkers

Serum cystatin C (mg/L) 1.97 (1.43-2.67)

Serum IL-18 (pg/mL) 258.3 (157.4-567.8)

Urine IL-18 (pg/mL) 103.9 (0.00-188.0)

Plasma BNP (pg/mL) 1222.8 (600.5-2391.4)

Data are presented as mean±SD, median [IQR], or n (%). BUN- Blood urea nitrogen; eGFR-Estimated glomerular filtration rate; CRP- C-reactive 
protein, APACHE- Acute Physiology and Chronic Health Evaluation; CCI, Charlson comorbidity index; CKD- chronic kidney disease; COPD- chronic 
obstructive pulmonary disease; CRS1, cardiorenal syndrome type 1; AHF- Acute heart failure; ACS- Acute coronary syndrome; bpm- Beats per min-
ute; EF- Ejection fraction; LVMI- left ventricular mass index; LAD- left atrial diameter, E/A, E-wave and A-wave ratio; AKI- Acute kidney injury; IL-18, 
Interleukin-18, BNP, B-type natriuretic peptide.

The outcomes of patients with CRS1 are presented in (Table 
2). The commonest stage of AKIN was stage 1 (46.4%), followed 
by stage 2 (28.6%) and stage 3 (25.0%). Progression of AKI 
occurred in 44.6% of patients, and 21.8% of patients underwent 

hemodialysis during hospitalization. Assessment of kidney function 
three months after AKI episode revealed the occurrence of de novo 
CKD in 55.2% of CRS type 1 patients without underlying CKD, and 
progression of CKD in 60.0% of CRS1 patients with pre-existing 
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CKD. The in-hospital and six-month mortality were 12.5% and 
34.7%, respectively.

Levels of serum cystatin C, serum IL-18, and urine IL-18 were 
significantly increased in AKIN stage 3 in comparison to AKIN stage 
1 (p<0.001, p=0.03, p=0.004, respectively) and serum cistatin C 

remained significantly elevated in AKIN stage 3 when compared 
to AKIN stage 2 (p<0.001). Serum cistatin C and urine IL-18 were 
significantly elevated in CRS1 patients with worsening of AKIN 
stage then in CRS1 patients without AKI progression (p=0.015, 
p=0.04, respectively) (Table 3).

Table 2: Outcomes of patients with cardiorenal syndrome type 1.

AKI severity

AKIN 1, n (%) 26 (46.4)

AKIN 2, n (%) 16 (28.6)

AKIN 3, n (%) 14 (25.0)

Progression of AKI, n (%) 25 (44.6)

Hemodialysis, n (%) 12 (21.8)

Development of CKD, n (%) 16 (55.2)

Progression of CKD, n (%) 15 (60.0)

In-hospital mortality, n (%) 7 (12.5)

Six-month mortality, n (%) 17 (34.7)

Data are presented as n (%). AKI-Acute kidney injury;  AKIN- Acute Kidney Injury Network; CKD- Chronic kidney disease.
Table 3: Levels of acute kidney injury biomarkers according to the AKIN stages 1-3 and AKI progression.

AKIN Stage 1 AKIN Stage 2 AKIN Stage 3 p Progression of AKI No AKI Progression p

Plasma BNP  
(pg/mL)

1149.0 (599.2-
1811.5)

1326.8 
(650.3-
2166.5)

2407.9 (508.6-
3733.7) 0.32 1302.0 (4815-2320.7) 1222.8 (701.2-2394.0) 0.63

Serum cystatin 
C (mg/L) 1.48 (1.3-2.3) 1.8 (1.6-2.1)* 3,32 (2,45-

4,9) ** <0.001 2.2 (1.7-3.6) 1.76 (1.3-2,4) 0.015

Serum IL-18 
(pg/mL) 203.1 (131.2-377.0) 266.0 (162.7-

463.3)
585.2 (297.1-

755.0)** 0.03 383.0 (170.0-263.0) 210,4 (137.0-430.5) 0.23

Urine IL-18 
(pg/mL) 7.2 (0.0-139.7) 140.3 (14.8-

183.0)
208.2 (114.2-

317.7)** 0.004 166.5 (18.7-222.9) 34.9 (0.0-165.0) 0.04

*Significant difference between AKIN stage 2 and 3; **Significant difference between AKIN stage 1 and 3. AKIN, Acute Kidney Injury Network; AKI, 
Acute kidney injury; BNP, B-type natriuretic peptide, IL-18, Interleukin-18.

Serum cystatin C was significantly increased in patients who 
developed CKD three months after hospitalization in comparison 
to those without the occurrence of CKD (p<0.001). Levels of serum 
cystatin C, serum IL-18, and urine IL-18 were significantly more 
elevated in patients who underwent hemodialysis in comparison 

with patients treated with conservative treatment (p <0.001, 
p=0.006, p=0.002, respectively). Levels of plasma BNP and urine IL-
18 were significantly increased in patients who died in comparison 
to survived CRS1 patients (p=0.006, p=0.011, respectively) (Table 
4).

Table 4: Levels of acute kidney injury biomarkers according to occurrence of CKD, type of in-hospital treatment and six-month survival.

CKD No CKD p Conservative HD p Survived Non-Survived p

Plasma 
BNP  (pg/

mL)

1148.2 
(649.8-
1661.5)

10733 (365.8-
1679.8) 0.53 1162.5 (603.8-

2032.7)

2407.9 
(564.2-
3226.7)

0.12 929.1 (511.7-
1544.3)

2219.5 (849.3-
3365.2) 0.006

Serum 
cistatin C 

(mg/L)

2.2 (1.8-
2.6) 1.33 (1.2-1.5) <0.001 1.76 (1.32-2.27) 3.3 (2.6-

5.0) <0.001 1.77 (1.37-2.37) 1.89 (1.3-2.84) 0.334

Serum 
IL-18 (pg/

mL)

379.6 
(178.5-
567.8)

184.6 (130.4-
221,5) 0.11 210.4 (152.1-

382.1)

611.9 
(434.1-
809.1)

0.006 203.1 (132.9-
382.1)

258.3 (172.5-
585.2) 0.26

Urine 
IL-18 (pg/

mL)

117.3 
(0.0-

233.8)
21.4 (0.0-137.9) 0.23 74.3 (0.0-166.3)

222.9 
(139.8-
346.4)

0.002 28.2 (0.0-139.3) 140.7 (0.0-194.4) 0.011

CKD- Chronic kidney disease; HD- Hemodialysis; BNP- B-type natriuretic peptide, IL-18- Interleukin-18.
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Multivariate logistic regression analysis identified BNP as the 
significant independent prognostic factor of the development of 
CKD (OR 1.001; 95% CI (1.000-1.001); p=0.037) and cystatin C as 

the significant independent predictor of AKIN stage 3 (OR 7.392; 
95% CI (1.48-36.9); p=0.015) and need for hemodialysis (OR 
5286.0; 95% CI (1.46-191100.0); p= 0.042) (Table 5).

Table 5: Predictors of adverse outcomes in cardiorenal syndrome type 1 patients.

Multivariate logistic regression

Parameter B SE OR (95% CI) p

Predictors of AKIN 3

Cystatin C 2.000 0.820 7.392 (1.48-36.9) 0.015

Urine output -0.004 0.002 0.996 (0.993-0.999) 0.013

Predictors of AKI progression

Age 0.012 0.005 1.012 (1.002-1.021) 0.018

Serum creatinine 0.140 0.048 1.150 (1.048-1.263) 0.003

Valvular heart disease 0.950 0.444 0.387 (0.162-0.923) 0.032

Predictors of CKD

BNP 0.001 0.000 1.001 (1.000-1.001) 0.037

CRP 0.051 0.018 0.950 (0.917-0.984) 0.004

Predictors of hemodialysis

Cystatin C 10.9 5.3 5286.0 (1.46-191100.0) 0.042

Univariate hazard analysis showed that increased CCI score and 
APACHE II score, elevated levels of BNP and albuminuria as well as 
AKIN stage 3, low urine output and low values of MAP were risk 
factors of six-month mortality. Multivariate hazard analysis showed 

that higher CCI score (HR 1.522; 95% CI (1.11-2.1); p=0.001), 
and AKIN stage 3 (HR=2.338; 95% CI (1.34-4.04); p=0.003) were 
independent predictors for six-month mortality (Table 6).

Table 6: Predictors of six-month mortality in patients with cardiorenal syndrome type 1.

Univariate hazard analysis

Parameter B HR (95% CI) p

MAP -0.03 0.97 (0.95-0.995) 0.016

E/A <1 -0.61 0.54 (0.21-1.41) 0.208

CCI score 0.39 1.47 (1.10-1.96) 0.009

APACHE II score 0.16 1.17 (1.04-1.31) 0.008

CKD 0.89 2.45 (0.90-6.62) 0.08

Urine output -1.11 0.33 (0.12-0.87) 0.025

eGFR -0.01 0.99 (0.97-1.01) 0.36

Uric acid -0.3 0.74 (0.02-30.33) 0.876

Albumiuria 0.75 2.1 (1.14-3.9) 0.02

Serum cystatin C 1.5 4.5 (0.41-49.3) 0.22

Plasma BNP 2.2 8.6 (1.84-40.6) 0.01

Serum IL-18 0.43 1.54 (0.36-6.6) 0.56

Urine IL-18 2.48 11.92 (0.71-198.9) 0.08

AKIN 3 0.78 2.17 (1.32-3.6) 0.002

Hemodialysis 0.45 1.57 (0.22-11.35) 0.66

Multivariate hazard analysis

CCI score 0.420 1.522 (1.11-2.1) 0.009

AKIN 3 0.845 2.328 (1.34-4.04) 0.003

HR- Hazard ratio; CI-Confidence interval; MAP, Mean arterial pressure; E/A, E-wave and A-wave ratio; CCI, Charlson Comorbidity Index; APACHE- 
Acute Physiology and Chronic Health Evaluation; CKD, chronic kidney disease; eGFR, Estimated glomerular filtration rate; BNP- B-type natriuretic 
peptide; IL-18- Interleukin-18; AKIN, Acute Kidney Injury Network; CCI- Charlson Comorbidity Index; AKIN-Acute Kidney Injury Network.
Syndrome type 1
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In univariate hazard analysis, increased CCI score and APACHE 
II score, elevated levels of BNP and albuminuria, AKIN stage 3, 
hemodialysis, low urine output and low values of MAP were risk 
factors for six-month mortality. Multiple Cox logistic regression 
hazard analysis revealed that increased plasma BNP levels (HR 5.9; 

95% CI (1.18-29.9); p=0.03), APACHE II score (HR 1.19; 95% CI 
(1.02-1.4); p=0.026) and hemodialysis (HR 4.5; 95% CI (1.3-15.0); 
p=0.015) were independent predictors of overall (in-hospital and 
six-month) mortality (Table 7).

Table 7: Predictors of overall (intrahospital and six-month) mortality in patients with cardiorenal.

Univariate hazard analysis

Parameter B HR (95% CI) p

MAP -0.03 0.97 (0.95-0.995) 0.016

E/A <1 0.61 1.84 (0.7-4.8) 0.21

CCI score 0.39 1.47 (1.10-1.96) 0.009

APACHE II score 1.16 1.17 (1.04-1.31) 0.008

CKD 0.89 2.45 (0.90-6.62) 0.08

Urine output -1.11 0.33 (0.12-0.87) 0.025

eGFR -0.01 0.99 (0.97-1.01) 0.36

Uric acid -0.3 0.74 (0.02-30.33) 0.876

Albumiuria 0.75 2.1 (1.14-3.9) 0.02

Serum cystatin C 1.5 4.5 (0.41-49.3) 0.22

Plasma BNP 2.2 8.6 (1.84-40.6) 0.006

Serum IL-18 0.43 1.54 (0.36-6.6) 0.56

Urine IL-18 2.48 11.92 (0.71-198.9) 0.08

AKIN 3 0.78 2.17 (1.32-3.6) 0.002

Hemodialysis 1.78 5.9 (2.06-17.1) 0.001

Multivariate hazard analysis

Plasma BNP 1.78 5.9 (1.18-29.9) 0.03

APACHE II score 0.17 1.19 (1.02-1.4) 0.026

Hemodialysis 1.5 4.5 (1.3- 15.0) 0.015

HR- Hazard ratio; CI-Confidence interval; MAP, Mean arterial pressure; E/A, E-wave and A-wave ratio; CCI, Charlson Comorbidity Index; APACHE- 
Acute Physiology and Chronic Health Evaluation; CKD, chronic kidney disease; eGFR, Estimated glomerular filtration rate; BNP- B-type natriuretic 

peptide; IL-18- Interleukin-18; AKIN, Acute Kidney Injury Network; CCI- Charlson Comorbidity Index; AKIN-Acute Kidney Injury Network.

Discussion
In the present study, we analyzed the prognosis of CRS1 

patients and identified the risk factors for adverse in-hospital and 
postdischarge outcomes of CRS1 patients. Consequences of CRS1 
development showed a tendency to grow after hospitalization with 
greater six-month mortality (34.7%) than in-hospital mortality 
(12.5%) in patients diagnosed with CRS1. The occurrence of AKI 
after acute cardiac disorders was associated with adverse renal 
function outcome three months after discharge (development of 
CKD in 55.2% of patients without underlying CKD, and progression 
of CKD in 60.0% of patients with pre-existing CKD). AKIN severity 
classification, scoring systems for comorbidity and health evaluation, 
as well as emerging AKI biomarkers seem to be promising tools 
for predicting adverse outcomes of CRS1. In this study, CCI score 
and AKIN stage 3 proved to be independent prognostic factors of 
six-month mortality, while increased plasma BNP levels, APACHE 
II score and hemodialysis were independent predictors of overall 
(in-hospital and six-month) mortality. Plasma BNP was also 
identified as the significant independent prognostic factor of CKD 

development while serum cystatin C proved to be significantly 
associated with AKIN stage 3 and need for hemodialysis.

Occurrence of AKI in patients with acute cardiac events 
represents a risk factor for prolonged hospitalization and increased 
mortality [4]. In this research 12.5% of CRS1 patients died during 
hospitalization which was similar to percentage of in-hospital 
mortality in the study of Japanese AHF patients who developed AKI 
(13.8%) [20], but less than in elderly Chinese patients with CRS1 
(23.2%) [21]. The mortality rate of CRS1 patients raised from 12.5% 
during hospitalization to 34.7% after discharge in this study which 
is in accordance with increased mortality rate after hospitalization 
(from 12% to 28%) in the study of Cowie at al, [22]. One meta-
analysis showed that risk for mortality after initial hospital survival 
is two times higher one year after CRS1 [4].

The identification of risk factors for adverse outcomes in 
CRS1 is very important, but not many studies have been done 
to address this issue. In particular, prognostic significance of 
AKI biomarkers for the development of severe AKI stages and, 
especially, occurrence of CKD after hospitalization has not yet been 
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widely discussed. In our study, elevated CCI score and AKIN stage 
3 showed the independent predictive significance for six-month 
mortality of CRS1 patients, while the independent predictors of 
overall mortality were hemodialysis, elevated plasma BNP values 
and increased APACHE II score. One study indicated that, during 
admission for AHF, there was a stepwise increase in adverse 
outcome with increasing stages of AKI severity and more severe 
degrees of AKI were associated with increased short-term and long-
term outcome of AHF patients [23]. In accordance with this finding, 
we have identified AKIN stage 3 as an independent predictor of 
six-month mortality in patients with CRS1. CRS1 patients with 
AKIN stage 3 had a 2.3 times higher risk of six-month mortality 
in comparison to the patients with AKIN stages 1 and/or 2. In 
addition to the AKIN classification, the APACHE II score showed 
an independent prognostic significance in predicting the overall 
mortality of CRS1 patients in our study. General illness severity 
scores are widely used in the intensive care units (ICU) to predict 
outcome. The APACHE II scoring system is important in treating 
disease and maintaining physiologic homeostasis in ICU patients. 
Mineral, metabolic and hemodynamic disturbances are common in 
patients with acute heart events, and the APACHE II score reflects 
the extent of these disorders in severe patients. Its ability to predict 
mortality has already been established in the AKI patients that 
were hospitalized in ICU [24], and in the population of acute cardiac 
patients in the CICU [8]. In accordance with these results, our study 
also confirmed that increased APACHE II score is an independent 
risk factor of overall mortality in patients hospitalized for the acute 
heart disorders with acute worsening of renal function. Murad 
et al. found that the increased risk of mortality in patients with 
acute heart disorders could partly be explained by the older age 
of these patients and presence of a large number of comorbidities 
[25]. Our CRS1 patients were also older (mean age of 74.4±10.0 
years) with rather high mean CCI score (8.1±1.9). Furthermore, we 
proved that the CCI score, which is an important tool for evaluating 
the number and severity of comorbidities, have its usefulness in 
the prediction of six-month mortality in CRS1. Harel and al. also 
pointed out the importance of CCI score in predicting mortality 
of AKI patients [26]. Dialysis proved to be predictive for overall 
mortality of CRS1 patients in present study which is similar with 
results of the retrospective study of Hu et al. In this retrospective 
study multivariate analysis showed dialysis during hospitalization 
was risk factor for in-hospital all-cause mortality in CRS1 patients 
[21].

Natriuretic peptides have proven prognostic significance in 
patients with ACS [27]. In addition, BNP has proven to be a strong 
predictor of mortality in patients with congestive heart failure 
[28] and was also an important predictor of adverse outcomes 
in CKD patients [29]. However, to our knowledge, the prognostic 
significance of BNP as a predictor of mortality and/or renal function 
outcome in CRS1 patients has not been discussed earlier. In our 
study increased plasma BNP has shown an association with the six-
month mortality of CRS1 patients, with significantly higher median 
plasma BNP concentrations in deceased in comparison to survived 
CRS1 patients. BNP was also confirmed to be an independent 
predictor of the overall (in-hospital and six-month) mortality in 

CRS1 patients. Its prognostic significance was so robust that with 
each increase in plasma BNP values of 1 pg/mL, the mortality 
risk in CRS1 patients increased 5.9 times. This negative effect of 
plasma BNP on the outcome of the CRS1 patient population could 
be explained, among others, by the presence of BNP in the coronary 
arteries and by its association with the extent and severity of 
coronary atherosclerotic plaques [30]. Increased plasma BNP in 
CRS1 patients could be a consequence of the increased activity of 
SNS in the left ventricle [31].

The occurrence of CRS1 is also associated with an increased 
risk of developing advanced stages of CKD [32]. In this research, 
evaluation of renal function outcome three months after an AKI 
episode revealed that de novo CKD occurred in 16/29 (55.2%) of 
CRS1 patients who had no pre-existing CKD. CKD progression was 
found in 15/25 (60.0%) of CRS1 patients with underlying CKD. The 
association of BNP and NT-proBNP with the progression of CKD has 
been demonstrated earlier in the population of pre-dialysis, non-
diabetic patients [33]. However, in this study plasma BNP proved 
to be a significant prognostic marker of CKD development in the 
population of CRS1 patients.

Quantifying the AKI severity using the AKIN classification 
system may be helpful in risk stratification of an adverse outcome 
not only in AKI patients in ICU but in CRS1 patients too. In this 
research, we found that AKIN stage 1 was the most common in 
CRS1 patients (46.4%), while AKIN stage 2 (28.6%) and AKIN stage 
3 (25.0%) were near equally represented. A greater incidence of 
AKIN stage 1 compared to other stages of AKI was one of the reasons 
for the significantly higher frequency of conservative treatment 
compared to dialysis (78.2% versus 21.8). Other authors have 
reported the possible role of AKI biomarkers in the prediction of 
severe AKI stages, and in guiding decisions on when to initiate renal 
replacement therapy in different heterogeneous populations of AKI 
patients [34]. Our study showed the association of serum cystatin 
C with more severe stages of AKI and hemodialysis treatment in 
patients with CRS1. Significantly higher serum cystatin C levels were 
recorded in CRS1 patients who underwent hemodialysis compared 
to patients treated conservatively. In the logistic regression analysis 
model, cystatin C was confirmed as an independent predictor 
of AKIN stage 3 and an independent predictor of hemodialysis. 
Similarly, in cardiac surgery patients, serum cystatin C levels were 
significantly increasing with an increasing class of AKI, and serum 
cystatin C also showed excellent ability in predicting composite 
outcomes (dialysis or death) [35, 36].

The prognostic ability of serum IL-18 and urine IL-18 to predict 
the adverse outcome of critically ill patients and patients with ACS 
has been established in the past decade [37,38]. However, to our 
knowledge significance of serum and urine IL-18 in predicting 
the outcome of CRS1 patients was not widely investigated. In 
present study, urine IL-18 was significantly associated with AKIN 
stage 3, the progression of AKI, the need for hemodialysis, and 
increased six-month mortality, while serum IL-18 was significantly 
associated with AKIN stage 3 and the need for dialysis. However, in 
multivariate analysis serum and urine IL-18 were not independent 
predictors of adverse outcomes in CRS type 1. The negative 
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prognostic impact of urine IL-18 on renal function outcome of 
patients with acute heart disorders is not an unexpected finding, 
since urine IL-18 represents an inflammatory mediator of ischemic 
acute tubular necrosis, and its expression increases in response 
to ischemic kidney injury. The association of higher urine IL-18 
concentrations with the progression of AKI has been confirmed 
in cardiac surgery patients and urine IL-18 proved to be a reliable 
biomarker of AKI progression [39]. Furthermore, elevated urine 
IL-18 levels were associated with a higher risk for dialysis in the 
early postoperative period after cardiac surgery [40] and urine IL-
18 remained independently predictive of the composite outcome 
of death or acute dialysis in ICU patients [37]. The association of 
higher urine IL-18 levels with a higher risk of postdischarge death 
in CRS1 patients has been demonstrated in our study. The negative 
prognostic influence of IL-18 in CRS1 could be explained by 
proven adverse IL-18 activity on the myocardium. Animal studies 
have shown that daily administration of IL-18 appears to induce 
interstitial fibrosis and myocyte hypertrophy, resulting in increased 
ventricular stiffness. The negative impact of IL-18 on the contractile 
function of the human myocardium was confirmed earlier [41]. 
In addition to urinary IL-18, our study showed an association of 
serum IL-18 with adverse outcomes of CRS1 patients (AKIN stage 
3 and need for hemodialysis). In the research of Harford et al., 
serum IL-18 was also of particular interest as a predictor of future 
events (cardiovascular events and mortality) in patients with ACS 
[38]. Furthermore, Chen and al. confirmed that serum IL-18 is an 
independent prognostic factor of six-month mortality in patients 
hospitalized in CICU [8]. The association of serum IL-18 with these 
adverse outcomes maybe can be explained by the potential role 
of IL-18 in atherosclerotic plaque progression and destabilization 
that was confirmed by earlier investigation [42]. 

This study has several limitations. First, it is a single-center 
study with a rather small sample size. Second, besides plasma BNP, 
serum cystatin C, serum IL-18, and urine IL-18, there are more renal 
and cardiac biomarkers that could be evaluated in this study. Third, 
the postdischarge outcome that was evaluated might target a wider 
time period than six months in order to evaluate the long-term 
outcome of CRS1 patients. Despite these limitations, we believe 
that our study provides more evidence about a broad number of 
adverse outcomes related to CRS1 and the prognostic significance 
of cardiorenal biomarkers in predicting those outcomes. 

Conclusion
Consequences of CRS1 development show a tendency to grow 

after hospitalization with higher six-month mortality (34.7%) than 
in-hospital mortality (12.5%) as well as the development of CKD 
in 55.2% of patients, and progression of CKD in 60.0% of CRS1 
patients. AKIN classification, APACHE II and CCI scoring systems, 
as well as emerging AKI biomarkers seemed to be promising tools 
for predicting adverse outcomes in CRS1. AKIN stage 3, increased 
CCI score and APACHE II score are associated with higher mortality 
in CRS1 patients. Higher plasma BNP concentrations are associated 
with mortality and CKD development while higher serum cystatin 
C levels are linked to more advanced stages of AKI and the need for 
hemodialysis in CRS1.
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