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Abstract

Objectives: Cardio-renal syndrome type 1 (CRS1) complicates 40% of patients hospitalized for acute decompensated
heart failure (ADHF) and is associated with poor prognosis. Factors associated with the development and recovery of
CRS1 have not been completely understood, and the value of cystatin C in this context has not been studied.

Materials and Methods: We evaluated the predictive value of cystatin C levels at admission and 24" hour and delta-
cystatin C (cystatin C change in the first 24 hours of admission) in the development and reversibility of CRS1 in patients
hospitalized for ADHF. One hundred ten consecutive patients hospitalized for ADHF were enrolled.

Results: Admission cystatin C [odds ratio (OR): 30.97, confidence interval (CI): 9.28-139.60, p<0.001], delta-cystatin C
(OR: 41.26, CI: 7.75-93.55, p<0.001), furosemide dose given in first 24 hours of admission (OR: 1.941, CI: 1.541-4.112,
p=0.009), and systolic pulmonary artery pressure (OR: 0.927, CI: 0.874-0.983, p=0.011) were independent predictors of
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Abstract

CRS1. A ROC curve analysis showed that an admission cystatin C level at a cut-off point of 1.385 could detect AKI with
77.1% sensitivity and 77.4% specificity. Among 48 patients in the AKI group, renal function was recovered in 31 (64.6%).
Delta-cystatin C (OR: 0.088, CI: 0.018-0.441, p=0.001), systolic pulmonary artery pressure (OR: 0.917, CI: 0.621-0.982,
p=0.005), and furosemide dose given in first 24 h of admission (OR: 0.877, CI: 0.541-0.998, p=0.04) were independent
predictors of recovery of renal function while admission creatinine and creatinine change in 24 hours were not.

Conclusion: This study demonstrated the potential value of cystatin C and delta-cystatin C in CRS1. Further studies are

required to determine the clinical utility of these findings.
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Introduction

Cardio-renal syndrome type 1 (CRS1) is a term used
to describe acute kidney injury (AKI) due to worsening
cardiac functions”. It complicates almost 40% of patients
hospitalized for acute decompensated heart failure (ADHF)
and is associated with higher morbidity and mortality®.
Although creatinine is the main test to recognize AKI, it is
far from being a perfect marker since it increases 48 hours
after renal injury when half of the renal function is lost. It
is affected by age, muscle mass and many other factors®#.
Novel renal markers, such as cystatin C, may detect AKI
earlier than serum creatinine when a renal injury is still
reversible. However, it remains unclear whether such
biomarkers are also suitable for the prediction of recovery
after established AKI®.

Cystatin C is a small protein molecule produced by
virtually all nucleated cells in the human body. It is suitable
for estimating renal function because its production rate is
nearly constant. It is freely filtered from the glomerular
membrane and completely reabsorbed without being
secreted from the proximal tubular cells. Moreover, its
level is not influenced by sex, age, race, muscle mass,
infection, liver function, and inflammation. It can be
detected earlier than creatinine in renal injury. After renal
injury cystatin C level increases in 8 hours, peaks at 24
hours, and decreases at 48 hours®!?, In previous studies,
cystatin C was found to be associated with contrast-
induced nephropathy, renal injury after cardiac surgery,

and prognosis in acute or chronic heart failure and acute
coronary syndrome!!"'>, Furthermore, Lassus et al.®)
suggested that cystatin C may be a useful marker of early
AKI in patients hospitalized for ADHF in their study.
However, the predictive value of cystatin C and temporal
change in cystatin in AKI recovery in ADHF has not been
investigated so far.

The present study aims to evaluate the predictive value
of cystatin C levels at admission and 24™ hour and cystatin
C change in 24 hours in the development and reversibility
of acute kidney injury in patients hospitalized for ADHF.

Materials and Methods

Study Population

In this observational study, we prospectively enrolled
110 consecutive patients hospitalized for decompensated
heart failure. Patients with acute coronary syndrome in
the last 30 days, chronic kidney disease, renal transplant,
rheumatologic or auto-immune disease, acute infection,
thyroid dysfunction, and malignity were excluded from
the study. Patients who received intravenous diuretic
therapy or radiopaque contrast media in the last 15 days
and who received aminoglycosides, metformin and non-
steroid anti-inflammatory drugs in the last 7 days were
also excluded. The Institutional Ethics Committee of Gazi
University approved the study protocol (09.06.2014/297),
and all participants have given informed consent.

Acikgoz et al. Cystatin C and Recovery of Cardio-renal Syndrome Type 1
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Analysis of Patient Data and Laboratory Analysis

Demographic  parameters, physical
examination findings, medications, and the patients’
history were recorded. A

echocardiographic examination was

symptoms,
medical transthoracic
performed at
admission. The left ventricular ejection fraction was
calculated by Modified Simpson’s method. Routine
serum biochemical parameters including creatinine,
blood urea nitrogen, electrolytes, glucose and hepatic
transaminases were checked at admission, 24" and 48®
hour of admission, and when respective clinicians of the
patients required after then. Venous blood samples were
taken at admission and 24™ hour to measure cystatin C. An
immune nephelometric N latex cystatin C assay (Siemens
healthcare products, Germany) were used with normal
cystatin C levels between 0.53-0.95 mg/L.

Definitions

Acute kidney injury was defined as an increase in serum
creatinine level >0.3 mg/dL or >50% above baseline value
during the hospital stay!®. In patients who developed
acute kidney injury, a discharge creatinine value below
125% of admission was defined as recovery from acute
kidney injury!'”. Estimated glomerular filtration rate was
calculated by the modification of diet in renal disease
(MDRD) equation. Creatinine and cystatin C changes
in the first 24 h of the admission were defined as delta-
creatinine and delta-cystatin C. Patients with ongoing
antihypertensive treatment or a systolic blood pressure
140 mmHg or diastolic blood pressure >90 mmHg
were accepted as hypertensive. Patients on antidiabetic
medications or fasting glucose levels >126 mg/dl were
defined as diabetic. As ischemic etiology of heart failure
was defined as the presence of heart failure with a history
of myocardial infarction or coronary revascularization
or presence of a >50% stenosis in an epicardial coronary
artery.

Statistical Analysis

IBM SPSS Statistics version 22.0 for Windows (IBM
Corp., Armonk, NY, USA) was used for all statistical

calculations. Continuous variables were presented as
mean and standard deviation or median and interquartile
range as appropriate. Categorical variables were presented
as numbers and proportions. Distribution patterns of
variables were tested with The Kolmogorov-Smirnov test.
The student’s t-test was used to compare data with normal
distribution, and the Mann-Whitney U test was used
for non-normally distributed data. The optimum cut-off
level of cystatin C to predict CRS1 was determined with
receiver-operating characteristics (ROC) curve analysis.
A multivariable stepwise logistic regression analysis
was used to examine the association of development and
recovery of acute kidney injury with other variables. If a
variable has a p value <0.1 in univariate logistic regression
analysis, it was included in the multivariate model. A two-
tailed p value <0.05 was defined as significant.

Results

The mean age of the 110 participants was 65.06,
and 55 (50 %) of them were males. Forty-eight (43.6%)
of the participants developed AKI. Age, gender, heart
failure etiology, and rates of hypertension (HT) and
diabetes mellitus (DM) were similar between patients
with and without AKI. Patients in AKI group had higher
body mass index (34.12+7.12 vs. 30.32+6.41, p=0.041),
higher systolic blood pressure (131.74+£26.42 vs.
121.33417.80, p=0.019) and higher systolic pulmonary
artery pressure (38.79+15.89 vs. 37.57+14.00, p=0.003).
Daily furosemide dose before admission was significantly
higher in the AKI group (94.854+83.49 vs. 50.83+42.56,
p=0.036). In AKI group, ALT (20.78%11.16 wvs.
15.19+£7.94, p=0.003), admission creatinine (1.13£0.25
vs. 1.00£0.17, p=0.002), 24™ hour creatinine (1.02+0.46
vs. 1.214£0.92, p<0.001), delta creatinine (0.02+0.01 vs.
0.08+0.06, p=0.001), admission cystatin C (1.32+0.68
vs. 1.24+0.28, p=0.002), 24" hour cystatin C (1.56+0.58
vs. 1.26+£0.34, p=0.001) and delta-cystatin C (0.24+0.44
vs. 0.02+0.21, p<0.002) were significantly higher.
Furosemide dose given in the first 24 h of admission
was also higher in the AKI group (128.47+£102.63 vs.
106.55+£80.88, p=0.002) (Table 1). In multivariate logistic
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Table 1. Demographic, clinical and laboratory characteristics of study patients
Variables All patients No CRS1 CRS1 p value

(n=110) (n=62) (n=48)
Age (years) 65.06+29.65 64.43+31.42 65.86+28.18 0.801
Male gender, n (%) 55 (50) 26 (41.9) 29 (60.4) 0.055
BMI (kg/m?) 31.51+6.94 30.32+6.41 34.12+7.12 0.041
Hypertension, n (%) 92 (83.6) 52 (83.9) 40 (83.3) 0.940
Diabetes, n (%) 59 (53.6) 32 (51.6) 27 (56.2) 0.629
Ischemic etiology, n (%) 80 (72.7) 44 (70.9) 36 (75.0) 0.332
Atrial fibrillation, n (%) 75 (68.2) 42 (67.7) 33 (68.8) 0.853
Previous medication, n (%)
ACE-I/ARB 89 (80.9) 52 (83.8) 37 (77.1) 0.577
Beta-blocker 83 (75.5) 48 (77.4) 35 (72.9) 0.548
MRA 35 (31.8) 22 (35.5) 13 (27.1) 0.348
Furosemide 81 (73.6) 48 (77.4) 33 (68.8) 0306
Thiazide 27 (24.5) 14 (22.6) 13 (27.1) 0.767
Digoxin 24 (21.8) 12 (19.4) 12 (25.0) 0.477
Daily furosemide dose before admission (mg/day) 70.03+62.28 50.83+42.56 94.85+83.49 0.036
HF Hospitalization in last year 1.73+2.05 2.13+2.54 1.24+0.971 0.055
Hospitalization duration (days) 11.77+7.78 12.06+7.22 11.40+8.51 0.657
LVEF (%) 35.95+15.24 36.47+£13.32 35.29+16.28 0.146
Systolic PAP (mmHg) 38.10+£15.21 37.57+14.00 38.79+£15.89 0.003
Heart rate (min") 87.84+21.02 85.74+21.31 90.86+20.45 0.222
Systolic BP (mmHg) 125.68+22.31 121.33+17.80 131.74+26.42 0.019
Diastolic BP (mmHg) 74.56+12.74 74.67+13.02 74.42+12.20 0.923
Hemoglobin (g/dL) 11.462.27 11.69+2.49 11.16+1.95 0.219
WBC (x1000/uL) 7.7412.01 7.90+2.19 7.53+1.76 0.351
AST (IU/L) 26.00+£11.90 26.03+£12.63 25.96+10.94 0.974
ALT (IU/L) 17.5419.78 15.1947.94 20.78+11.16 0.003
CRP (mg/L) 23.84+46.80 27.41456.22 19.28+16.28 0.374
Na (mmol/L) 136.69+5.36 135.58+5.54 138.17+4.80 0.052
Cystatin C (mg/L) 1.27+0.34 1.24+0.28 1.32+0.68 0.002
Cystatin C 24h (mg/L) 1.39+0.52 1.26+0.34 1.56+0.58 0.001
Delta-cystatin C (mg/L) 0.12+0.29 0.02+0.21 0.24+0.44 <0.001
BUN (mg/dL) 25.57+9.62 25.04+9.73 25.25+9.18 0.509
BUN 24h (mg/dL) 34.36+£14.75 30.42+7.63 39.46+18.04 0.001
Maximum BUN (mg/dL) 43.54+1687 37.27+8.13 51.66+21.36 0.001
Creatinine (mg/dL) 1.06+0.22 1.00+0.17 1.13+£0.25 0.002
Creatinine 24h (mg/dL) 1,10+0.68 1.02+0.46 1.21£0.92 <0.001
Maximum creatinine (mg/dL) 1.321£0.49 1.09£0.26 1.62+0.54 <0.001
Delta-creatinine (mg/dL) 0.04+0.03 0.02+0.01 0.08+0.06 0.001
Furosemide dose-first 24 h (mg) 114.94+88.28 106.55+80.88 128.47+102.63 0.002

Significant p values are shown in bold.

ACE-I: Angiotensin-converting enzyme inhibitor, ALT: Alanine transaminase, ARB: Angiotensin receptor blocker, AST: Aspartate transaminase, BP: Blood
pressure, BMI: Body mass index, BUN: Blood urea nitrogen, CRP: C-reactive protein, CRS1: Cardio-renal syndrome type 1, HF: Heart failure, LVEF: Left
ventricular ejection fraction, MRA: Mineralocorticoid receptor antagonist, PAP: Pulmonary artery pressure, WBC: white blood cell
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regression analysis, admission cystatin C level [odds
ratio (OR): 30.97, confidence interval (CI): 9.28-139.60,
p<0.001] and delta-cystatin C (OR: 41.26, CI: 7.75-
93.55, p<0.001) were found as independent predictors for
development of AKI. Furosemide dose is given in the first
24 h of admission (OR: 1.941, CI: 1.541-4.112, p=0.009),
and systolic pulmonary artery pressure (OR: 0.927, CI:
0.874-0.983, p=0.011) were other independent predictors.
Although baseline creatinine level and delta-creatinine
were predictive of AKI in univariate analysis, they lost
their significance in multivariate analysis (Table 2). The
receiver-operating characteristic (ROC) curve analysis
showed that cystatin C at a cut-off point of 1.385 could
detect the occurrence of AKI with 77.1% sensitivity and
77.4% specificity (Figure 1).

Among 48 patients in AKI group, renal function was
recovered in 31 (64.6%) during hospital stay. There is not
any significant difference between patients with recovered
and unrecovered renal function regarding age, gender,
heart failure etiology and rates of HT and DM. Admission
cystatin C level (1.33+0.72 vs. 1.30%0.60, p=0.661),
maximum creatinine level (1.64+0.63 vs. 1.61£0.51,

ROC Curve

Sensitivity

AUC: 0.822
CI:0.740-0.905
p<0.01

l-épeciﬁcify

0o T T
00 02 08 10

Figure 1. The receiver operating characteristic curve analysis for
admission Cystatin C in predicting cardio-renal syndrome type 1

AUC: Area under the curve, ClI: confidence interval, ROC: Receiver
operating characteristics

p=0.184) and delta-creatinine (0.08+£0.07 vs. 0.08+0.04,
p=0.988) were similar between groups. While systolic
blood pressure (140.89+£26.97 vs. 114.67£14.57, p=0.001)
and admission creatinine (1.21£0.23 vs. 0.98+0.19,
p=0.001) were higher, hospitalization due to heart failure
in last year (0.92+0.58 vs. 1.79£1.25, p=0.006), systolic
pulmonary artery pressure (32.48+9.56 vs. 50.29+18.76,p
<0.001), cystatin C at 24" hour of admission (1.38+0.47
vs. 1.89+£0.63, p=0.003), delta-cystatin C (0.05+0.06 vs.
0.59+0.21,p=0.001) and furosemide dose given in first 24 h
of admission (124.60+114.18 vs. 135.52+89.92, p=0.001)
were significantly lower in patients with recovered renal
function. Need for hemodialysis (17.6% vs. 16.1%,
p=0.222) and time to hemodialysis (132.4+64.58 h vs.
138.5£78.33 h, p=0.265) were similar between groups
(Table 3). In multivariate logistic regression analysis,
cystatin ¢ change in 24 h was found as an independent
predictor of recovery of renal function in patients with
AKI (OR: 0.088, CI: 0.018-0.441, p=0.001). Systolic
pulmonary artery pressure (OR: 0.917, CI: 0.621-0.982,
p=0.005), p=0.033) and furosemide dose given in first 24
h of admission (OR: 0.877, CI: 0.541-0.998, p=0.04) were
other independent predictors (Table 4).

Discussion

The present study demonstrated for the first time that
the change in cystatin C level in the first 24 h of admission
is associated with the development and recovery of
CRSI1 in patients hospitalized for acute heart failure. In
addition, admission cystatin C level was associated with
the development of CRS1 in these patients. Admission
creatinine and creatinine change in the first 24 h of
admission were not independent predictors of CRS1 and
its recovery.

Pathophysiological mechanisms underlying CRS1 are
not entirely understood. Advanced age and pre-existing
chronic kidney disease are essential, but classical risk
factors of AKI such as hypotension and hypovolemia are
uncommon in this population®. Although renal venous
HT and renal hypoperfusion are thought to be the major

E Journal of Cardiovascular Medicine | Volume 10 | Issue 2 | 2022
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mechanism of CRS1, previous studies showed that LVEF
is not associated with CRS 1 and renal deterioration is
not correlated with cardiac output, filling pressures
and systemic vascular resistance!'”. It is probably due
to the fact that endogenous vasoactive substances such
as endothelin, nitric oxide, prostaglandins, natriuretic
peptides, and vasopeptidase inhibitors interact with renal
perfusion independent of central hemodynamics®@’2".
Even so, it is known that elevated central venous
pressure causes increased renal venous and interstitial
pressures, leading to the kidney’s inability to maintain
the glomerular filtration rate resulting in hypoxia renin-
angiotensin-aldosterone system activation®”. Cardio-
renal syndrome typel is rarely seen before hospital
admission. It is thought to be a particular evidence of
the effect of in-hospital medication on renal function in
these patients. High-dose furosemide is associated with
a worse renal prognosis. However, it is not clear whether
the need for higher doses of furosemide is a cause or a
consequence of advanced heart failure or blunt diuretic

response due to pre-existing renal failure®. In our study,
we found out that the furosemide dose given in the first
24 h of admission is associated with CRSI1.

Age and chronic kidney disease were shown to be
associated with recovery of AKI in different populations.
However, it is still unclear whether demographic and
clinical factors associated with the development of CRS1
are also helpful for predicting the recovery of CRS13425,
The effect of the presence of chronic kidney disease on
the prediction of CRS1 and its recovery was not evaluated
in our study since patients with CKD were excluded.
However, admission creatinine was not associated with
CRSI1 and its recovery in our study. We did not find an
association between age and development and recovery
of CRS1. Schiffl®® and Alsultan®” did not find such
an association in patients with AKI requiring renal
replacement therapy either.

Cystatin C is an important marker of prognosis in
AHF@2)_ Previous studies showed that cystatin C is a

Table 2. Predictors of CRS1 in multivariate logistic regression analysis

Univariable

Variables
OR (95% CI)

Age 0.995 (0.958-1.033)
2.113 (0.981-4.553)
0.962 (0.348-2.658)
1.205 (0.565-2.570)

Gender (male)
Hypertension
Diabetes mellitus

Daily furosemide dose before

admission

Furosemide dose-first 24 h
Hospitalization (1 year)
Systolic blood pressure
BUN

ALT

Creatinine
Delta-creatinine
Cystatin C
Delta-cystatin C

LVEF

Systolic PAP

0.642 (0.274-1.505)

2.762 (1.841-3.546)
0.774 (0.594-1.010)
1.023 (1.003-1.044)
1.014 (0.974-1.055)
1.065 (1.018-1.114)
23.74 (2.79-201.73)
27.41 (3.98-321.14)
24.59 (6.35-95.23)
22.26 (4.523-109.57)
0.981 (0.955-1.007)
0.961 (0.935-0.988)

Multivariable
p value OR (95% CI) p value
0.799 -
0.56 -
0.940 -
0.629 -
0.308 -
0.002 1.941 (1.541-4.112) 0.009
0.059 0.850 (0.555-1.303) 0.456
0.027 0.958 (0.944-1.026) 0.462
0.506 -
0.006 1.079 (0.995-1.158) 0.057
0.004 16.85 (0.565-502.70) 0.103
0.003 18.21 (0.873-345.78) 0.098
<0.001 30.97(9.28-139.60) <0.001
<0.001 41.26 (7.75-93.55) <0.001
0.146 1.028 (0.971-1.089) 0.344
0.004 0.927 (0.874-0.983) 0.011

ALT: Alanine transaminase, BUN: Blood urea nitrogen, LVEF: Left ventricular ejection fraction, PAP: Pulmonary artery pressure, OR: Odds ratio, ClI:

Confidence interval
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Table 3. Demographic, clinical and laboratory characteristics of patients with recovered and non-recovered acute kidney injury

Variables All CRS1 AKI has not recovered AKI recovered p value
(n=48) (n=17) (n=31)
Age (years) 65.86+28.18 66.38+26.48 65.58+28.62 0.564
Gender (male), n (%) 29 (60.4) 10 (58.8) 19 (61.3) 0.867
BMI (kg/m?) 34.1247.12 35.42+9.06 31.74+6.01 0.145
Hypertension, n (%) 40 (83.3) 12 (70.6) 28 (90.3) 0.079
Diabetes, n (%) 27 (56.2) 12 (70.6) 15 (48.4) 0.138
Ischemic etiology, n (%) 36 (78.0) 13 (76.4) 23 (74.19) 0.336
Atrial Fibrillation, n (%) 33 (68.8) 11 (64.7) 22 (70.9) 0.165
Previous medication, n (%)
ACE-I/ARB 37 (77.1) 13 (76.47) 24 (77.41) 0.453
Beta-blocker 35 (72.9) 13 (76.47) 22 (70.96) 0.381
MRA 13 (27.1) 5(29.4) 8 (25.8) 0.788
Furosemide 33 (68.8) 15 (88.2) 18 (58.1) 0.031
Thiazide 13 (27.1) 6 (29.4) 7 (22.6) 0.601
Digoxin 12 (25.0) 3 (176) 9 (29.0) 0.384
Daily furosemide dose before admission (mg/day) 94.85+83.49 80.00+63.696 107.22+72.75 0.568
HF hospitalization in last year 1.24+0.971 1.79 £1.25 0.92+0.58 0.006
Hospitalization duration (days) 11.40+8.51 12.94+8.70 10.5548.42 0.357
LVEF (%) 35.29+16.28 34.76 £17.65 35.58 +15.76 0.870
Systolic PAP (mmHg) 38.79+15.89 50.29+18.76 32.48+9.56 <0.001
Heart rate (min') 90.86+20.45 91.53+13.4 90.50++ 23.6 0.877
Systolic BP (mmHg) 131.74+26.42 114.67+£14.57 140.89+26.97 0.001
Diastolic BP (mmHg) 74.42+12.20 70.67+9.61 76.43+13.11 0.142
Hemoglobin (g/dL) 11.16+1.95 11.97+2.10 10.71+£1.73 0.051
WBC (x1000/pL) 7.53+1.76 8.11+2.57 7.22+1.03 0.096
CRP (mg/L) 19.28+16.28 31.24+15.98 13.09+£17.07 0.055
Na (mmol/L) 138.17+4.80 139.25+5.10 137.6114.61 0.272
Cystatin C (mg/L) 1.32+0.68 1.30£0.60 1.33+£0.72 0.661
Cystatin C 24h (mg/L) 1.56+0.58 1.89+0.63 1.38+0.47 0.003
Delta-cystatin C (mg/L) 0.24+0.44 0.59+0.21 0.05+0.06 0.001
BUN (mg/dL) 25.25+9.18 30.18+9.83 24.09+8.18 0.26
BUN 24h (mg/dL) 39.46+18.04 46.35+24.37 35.68+12.31 0.49
Maximum BUN (mg/dL) 51.66+21.36 56.12+26.77 49.21+£18.49 0.001
Creatinine (mg/dL) 1.13+0.25 1.15£0.19 1.12+0.28 0.02
Creatinine 24h (mg/dL) 1.21£0.92 1.23+0.76 1.20+0.97 0.01
Maximum creatinine (mg/dL) 1.62+0.54 1.64+0.63 1.61+0.51 0.184
Delta-creatinine (mg/dL) 0.08+0.05 0.08+0.07 0.08+0.04 0.988
Furosemide dose-first 24 h (mg) 128.47+102.63 135.52+89.92 124.60+114.18 0.001
Hemodialysis 8 (16.7) 3(17.6) 5(16.1) 0.222
Time to hemodialysis 136.3+71.26 132.4+64.58 138.5+78.33 0.265

Significant p values are shown in bold.

ACE-I: Angiotensin-converting enzyme inhibitor, AKI: Acute kidney injury, ALT: Alanine transaminase, ARB: Angiotensin receptor blocker, AST: Aspartate
transaminase, BMI: Body mass index, BP: Blood pressure, BUN: Blood urea nitrogen, CRP: C-reactive protein, CRS1: Cardio-renal syndrome type 1, HF:
Heart failure, LVEF: Left ventricular ejection fraction, MRA: Mineralocorticoid receptor antagonist, PAP: Pulmonary artery pressure, WBC: White blood cell
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more reliable marker of renal function than creatinine
post cardiopulmonary bypass and detected reduced
glomerular filtration rate at an earlier stage after cardiac
catheterization®**), Lassus et al.®® demonstrated that
cystatin C is a useful marker of AKI in AHF, and a rise
in cystatin C >0.3 mg/L within 48 h after hospitalization
was associated with longer hospital stay and higher in-
hospital mortality. A study by Carrasco-Sanchez et al.®?
also showed the usefulness of cystatin C in predicting
AKI and prognosis in AHF. In contrast, Breidthardt et
al.®» suggested that plasma cystatin C levels cannot
adequately predict CRS1 in AHF. Results of the present
study confirm the usefulness of cystatin C in predicting
CRS1 in AHF. In addition to previous studies, the
potential utility of the cystatin C change in the first 24 h
in the prediction of CRS was demonstrated.

The value of the novel renal markers in the recovery
of AKI has recently been investigated in some
studies. In one of them, among neutrophil gelatinase-
associated lipocalin (NGAL), the mRNA expressions

of kidney injury molecule-1, interleukin-18, alpha-1-
microglobulin, sodium/hydrogen exchanger-3, beta-
2 microglobulin and N-acetyl-pB-D-glucosaminidase,
only alpha-1-microglobulin was correlated with the
degree of improvement in renal failure®®. In another,
plasma NGAL predicted the failure of renal recovery
in community-acquired pneumonia®). Urine NGAL
and urine hepatocyte growth factor were also showed
promise in the prediction of renal recovery?®®*”.
Furthermore, Gharaibeh et al.®® suggested that cystatin
C decreases one day earlier than creatinine in most
hospitalized patients with AKI, and Leem et al.®” showed
that admission serum cystatin C was associated with
recovery of AKI in patients with sepsis-induced kidney
injury. In their study on CRSI1 patients, Basu et al.“4?
suggested that a composite of urine NGAL and plasma
cystatin C is superior to serum creatinine for predicting
transient AKI in children after cardiopulmonary
bypass. Unfortunately, none of the studies above were
performed on AHF patients. Results of the present study
demonstrated the potential usefulness of cystatin C and

Table 4. Predictors of the recovery from acute kidney injury in multivariate logistic regression analysis

Univariable Multivariable
Variables OR (95% CI) p value OR (95% Cl) p value
Age 1.055 (0.986-1.127) 0.119 -
Male Gender 1.108 (0.332-3.703) 0.867 -
Diabetes mellitus 0.391 (0.111-1.375) 0.143 -
Body mass index 1.425 (0.998-1.942) 0.174 -
Atrial fibrillation 3.800 (1.068-13.520) 0.039 2.480 (0.984-15.648) 0.088
Systolic blood pressure 1.092 (1.031-1.158) 0.003 1.088 (1.025-1.188) 0.09
AST 0.990 (0.937-1.046) 0.718 -
Hemoglobin 0.663 (0.445-0.989) 0.044 0.758 (0.328-1.055) 0.101
WBC 0.741 (0.512-1.073) 0.112 -
Sodium 0.938 (0.541-1.357) 0.188 -
LVEF 1.003 (0.967-1.041) 0.867 -
Systolic PAB 0.908 (0.854-0.965) 0.002 0.917 (0.621-0.982) 0.005
Cystatin 1.228 (0.501-3.012) 0.653 -
Delta-cystatin C 0.057 (0.008-0.409) 0.002 0.088 (0.018-0.441) 0.001
Creatinine 0.632 (0.319-0.868) 0.032 0.741 (0.289-0.827) 0.063
Delta-creatinine 0.982 (0.241-1.368) 0.122 -
Furosemide dose-first 24 h 0.842 (0.565-0.922) 0.038 0.887 (0.541-0.998) 0.04

AST: Aspartate transaminase, BUN: Blood urea nitrogen, LVEF: Left ventricular ejection fraction, PAP: Pulmonary artery pressure, WBC: White blood cell
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its change with time in the prediction of CRS1 and its
recovery.

The present study has several limitations. It is a
retrospective and single-center study. However, all
consecutive patients hospitalized for ADHF in a time
frame were included in the study to overcome the
limitations of the retrospective design. Moreover, BNP
or pro-BNP levels were not measured. Thus, we do not
have biochemical evidence about the severity of the heart
failure in patients with and without CRS1.

Conclusion

Admission cystatin C may predict CRS1, and a
change in cystatin C level in the first 24 h of admission
is associated with the development and recovery of
CRSI1 in patients hospitalized for acute heart failure.
Cystatin C may be used as a predictor of renal function
beyond creatinine in AHF because neither admission
creatinine nor its change in the 24™ hour was associated
with CRS and its recovery in our study population.
Further studies are required to elucidate the role of
cystatin C and its temporal change in predicting renal
outcomes in ADHF.
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