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The impact of admission cystatin C levels on in-hospital
and three-year mortality rates in acute decompensated

heart failure

Hatice Selcuk, Mehmet Timur Selcuk, Orhan Maden, Kevser Glcihan Balci, Mustafa Micahit Balci,
Sebahat Tekeli, Elif Hande Cetin, Ahmet Temizhan, Mustafa Balci, Nihal Karabiber

Abstract

Background: Although tremendous advances have been made
in preventative and therapeutic approaches in heart failure
(HF), the hospitalisation and mortality rates for patients with
HF is high. The aim of this study was to investigate the asso-
ciation between cystatin C and N-terminal pro-B-type natriu-
retic peptide (NT-proBNP) levels and in- and out-of-hospital
mortality rates in acute decompensated HF (ADHF).
Methods: Between February 2008 and November 2011, 57
consecutive patients who were admitted with ADHF were
included in this prospective study. These patients were clinically
followed up every three months by means of visits or telephone
interviews. The primary clinical endpoint of this study was any
death from heart failure rehospitalisation and/or other causes.
Results: The subjects who died during the in-hospital follow up
were younger than the survivors (47.4 £ 17.5 vs 60.8 £ 15.8, p =
0.043). There was a notable correlation between plasma cystatin
C and NT-proBNP levels (r = 0.324, p = 0.014) and glomerular
filtration rate (GFR) (r =—-0.638, p < 0.001). Multivariate logis-
tic regression analysis revealed that only cystatin C level [odds
ratio (OR): 12.311, 95% confidence interval (CI): 1.616-93.764,
p=0.015] and age [OR: 0.925, 95% CT: 0.866-0.990, p = 0.023]
were linked to in-hospital mortality rate. In the multivariate
Cox proportional hazard model, only admission sodium level
appeared as a significant independent predictor of death
during the 36-month follow up [hazard ratio: 0.937, 95% CI:
0.880-0.996, p = 0.037].

Conclusion: Evaluation of admission cystatin C levels may
provide a reliable prediction of in-hospital mortality, compared
to estimated GFR or NT-proBNP levels among patients with
ADHEF. However, in this trial, during long-term follow up,
only admission sodium level significantly predicted death.
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Worldwide, chronic heart failure (HF) syndrome is increasing
in prevalence. Despite advances in preventative and therapeutic
approaches, mortality and hospitalisation rates in this population
remain high. Impaired renal function often accompanies HF,
and co-existence of these diseases is correlated with an increased
rate of cardiovascular risk and death.!

The exact mechanism underlying the complex interaction
between HF and renal disease remains unclear. Recently, cystatin
C, an inhibitor of cysteine proteases of the cathepsin family has
gained valuable recognition, being a more reliable measure of
renal function than serum creatinine-based calculations.

Cystatin C is created by all nucleated cells and is simply
drained at the glomerulus and not secreted from the tubules.
Unlike creatinine, it does not seem to be affected by gender, race
or muscle volume, which makes it a more definite marker of
glomerular capacity.> Increased levels of cystatin C are related
to impaired renal function and correlated with a decline in
estimated glomerular filtration rate (¢GFR).*In both acute and
chronic stages of HF, cystatin C level is a better predictor of
mortality and unfavourable cardiovascular outcome, compared
to serum creatinine-based assessments.*’

HF causes volume overload, which results in myocardial
stretch and excretion of cardiac peptides such as N-terminal
pro-B-type natriuretic peptide (NT-proBNP).® NT-proBNP is
not only useful for diagnostic purposes, but also provides
relevant information about clinical responses to HF regimens
and prognosis of the HE>“In a previous report, a combination
of cystatin C and NT-proBNP level was used as a predictor of
unfavourable results in subjects with acute decompensated HF
(ADHF)."

The authors reported that combination of the two parameters
was useful in predicting patients who had the highest risk for
worse outcomes. However, in the literature, there are no data
about the relationship between hospital admission cystatin C
levels and mortality on an annual basis. We intended to assess the
association between in-hospital mortality rate among patients
with  ADHF and both cystatin C and NT-proBNP levels.
Another aim was to evaluate whether out-of-hospital mortality
rate was associated with in-hospital levels of cystatin C during
regular follow up (36 months).
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Methods

Between February 2008 and November 2011, 57 consecutive
patients (mean age 54.1 + 16.3 years, male 68.4%) with typical
symptoms and signs of ADHF and with low left ventricular
ejection fraction (LVEF < 40%) were enrolled in this study.”
During the hospital stay, all of the patients received appropriate
HF treatment measures in accordance with contemporary
guideline recommendations."

Patients with concomitant unstable ischaemic diseases,
those presenting with shock, severe renal failure [GFR
estimated by Modification of Diet in Renal Disease (MDRD)
equation < 30 ml/min/1.73 m* or hepatobiliary dysfunction,
anaemia or haematological disease, acute or chronic infection
and inflammation, malignant neoplasms and patients with
echocardiographic LVEF values > 40% were excluded. A gender-
and age-matched control group (n = 31) with normal LVEF and
renal function was included to compare plasma NT-proBNP and
cystatin C levels with the patient group.

Surviving participants were clinically followed up every
three months for three years by means of visits or telephone
interviews. In the case of death during the follow-up period,
follow-up duration was calculated in months (time interval from
admission to death) for that subject. Mean follow-up duration
for the entire group was 17.2 months.

The primary clinical endpoint of this study was determined as
all-cause mortality. From each patient, oral informed permission
for the study was obtained by one of the investigators, and the
study protocol was approved by the local ethics committee of
our hospital.

Blood samples for biochemical parameters, including
haemoglobin, blood urea nitrogen (BUN), creatinine, electrolytes,
cystatin C and NT-proBNP were drawn at admission for
ADHEF. GFR was determined using two different contemporary
formulae: the MDRD and the Cockroft-Gault formulae.'** For
cystatin C assessment, an immediate centrifugate of the collected
sample was obtained. Aliquot serum samples were stored in
microcentrifuge tubes at —80°C until assayed.

Measurements of cystatin C levels were performed using
a particle-enhanced immune nephelometric method (Dade
Behring GmbH, Liederbach, Germany). Intra-assay and inter-
assay coefficients were 2.5 and 2.0%, respectively. NT-proBNP
was measured by ARCHITECT 12000 platform (Abbott
Laboratories, Abbott Park, Illinois).

All patients underwent standard echocardiographic imaging
in the left lateral decubitus position with a commercially
available device (Vivid 7 Ultrasound System; GE, Horten,
Norway) on admission. The echocardiographic assessments
were based on the criteria proposed by the American Society of
Echocardiography. A modified Simpson’s method was used for
LVEF calculation.'

Statistical analysis

Statistical analyses were performed using SPSS for Windows,
version IBM 11.5 (SPSS Inc, Chicago, IL, USA). Continuous
variables are presented as the mean * standard deviation (SD) or
median (min-max), where applicable. Categorical variables are
presented as percentages. The Student’s #-test was used to analyse
mean differences between two independent groups. The Mann—
Whitney U-test was employed for identification of medians

between two independent groups. As both plasma cystatin C
and NT-proBNP levels were normally distributed. Correlation
coefficients and their significance were calculated with Pearson’s
correlation test.

To define the predictors that changed in-hospital mortality,
multiple logistic regression analyses were used. Odds ratios (OR)
and 95% confidence intervals (CI) for the different independent
variables were also determined. Univariate and multivariate Cox
regression analyses were performed to delineate independent
predictors of mortality during 36 months of follow up. A p-value
< 0.05 was considered statistically significant.

Results

In this study, 57 subjects who met the inclusion criteria constituted
the final research group. Plasma NT-proBNP and cystatin C
levels were determined among patients with ADHF and the
control subjects (n = 31). Plasma NT-proBNP concentrations of
the patients were greater than in the control group (641.6 = 31.7
vs 23.2 £ 31.7 pg/ml, p < 0.001). However, there were no notable
differences in plasma cystatin C levels between the patient and
control groups (1.27 £ 0.48 mg/l in the patients vs 1.11 = 0.43
mg/l in the controls, p = 0.095).

Baseline demographic characteristics of the patients are
reviewed in Table 1. During the in-hospital period, seven (12.3%)
patients died. Comparisons of variables were made between
survivors and those who died during the hospital stay.

There were no notable differences regarding gender,
hypertension, diabetes mellitus, smoking and myocardial infarction
between the groups (p > 0.05). However, the subjects who died
during the in-hospital period were younger than the survivors
(47.4£17.5vs 60.8 £ 15.8 years, p = 0.043). Also, the rate of prior
cerebrovascular accident was significantly higher in patients who
died (28.6 vs 6.0%, p =0.048). Moreover, among patients who died
during the hospital stay, lower sodium concentrations, and higher
cystatin C and NT-proBNP levels were observed (p = 0.003, p =
0.023, p = 0.001, respectively) (Table 2).

Baseline echocardiographic characteristics of the patients are
reviewed in Table 3. There were no differences between the two
groups regarding echocardiographic parameters (p > 0.05).

Table 1. Baseline demographic characteristics of the study population

In-hospital survivors — In-hospital deaths
Variables (n=150) (n=7) p-value
Age (years) 60.8 +15.8 474+17.5  0.043
Male gender, n (%) 34 (68.0) 5(71.4) 0.855
Diabetes mellitus, 7 (%) 15 (30.0) 4(57.1) 0.154
Hypertension, n (%) 24 (48.0) 5(71.4) 0.246
Hyperlipidaemia, n (%0) 12 (24.0) 1(14.3) 0.566
Cigarette smoking, n (%) 6(12.0) 1(14.3) 0.863
History of ML, n (%) 9 (18.0) 2(28.6) 0.507
History of CVA, n (%) 3(6.0) 2(28.6) 0.048
History of PCIL, n (%) 5(10) 1(14.3) 0.729
History of CABG, n (%) 6(12.0) 1(14.3) 0.863
New diagnosis of HF, n (%) 7(14) 0(0.0) 0.291
BMI (kg/m?) 26.1+£49 224+38 0.062
Hospitalisation length (days) 152+22.2 23.6+27.2 0345
NYHA functional class 32+49 34£5.6 0.237
BMI: body mass index, CABG: coronary artery bypass grafting, CVA: cerebro-
vascular accident, HF: heart failure, MI: myocardial infarction, NYHA: New
York Heart Association, PCI: percutaneous coronary intervention.
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Table 2. Baseline laboratory characteristics of the study population

In-hospital survivors  In-hospital deaths
Variables (n=350) (n=7) p-value
Fasting glucose (mg/dl) 113.6 £48.7 124.7+49.1 0.559
(mmol/l) 6.30+£2.70 6.92+£2.73
Urea (mg/dl) 69.5+33.7 93.9+51.7 0.100
Creatinine (mg/dl) 1.15+£0.43 1.27+0.61 0.784
Total cholesterol (mg/dl) 136.5+35.8 127.0£38.9 0.518
(mmol/l) 3.54+0.93 3.29+1.01
Triglycerides (mg/dl) 85.6+34.5 106.6 £ 35.2 0.138
(mmol/l) 0.97+0.39 1.20 £0.40
Sodium (mmol/l) 135.5+5.1 1289+7.6 0.003
Potassium (mmol/l) 4310.6 42+0.7 0.794
Haemoglobin (g/dl) 124+19 11.5+1.2 0.218
Cystatin C (mg/l) 1.22+£0.39 1.62+0.62 0.023
NT-proBNP (pg/ml) 577.2+585.5 1101.6+228.7  0.001
GFR (ml/min/1.73 m?) 72.8+£30.0 74.3+£44.8 0.907
Cockcroft (ml/dk) 74.5+33.2 78.2+54.1 0.803
GFR: glomerular filtration rate, NT-proBNP: N-terminal pro-B-type natriuretic
peptide.

Multivariate logistic regression analysis confirmed that only
cystatin C level (OR: 12.311, 95% CI: 1.616-93.76, p=0.015) and
age (OR: 0.925, 95% CI: 0.866-0.990, p = 0.023) were linked to
in-hospital deaths. Also there was a notable correlation between
plasma cystatin C and NT-proBNP levels (r = 0.324, 95% CI:
0.069-0.539, p = 0.014) and GFR (r =-0.638, 95% CI: -0.770 to
-0.453, p < 0.001) (Table 4).

During the 36-month follow-up period, the primary endpoint
(death) occurred in 38 subjects. When we compared the admission
cystatin C levels among survivors and those who died, we did not
observe any significant difference between the two groups (p >
0.05) (Table 5).

Univariate and multivariate analyses were performed to
examine independent predictors of mortality for the entire
36-month follow-up period. When univariate Cox proportional
regression analysis was applied to baseline parameters, cystatin
C level was found to have no effect on mortality rate during
the 36-month follow-up period [hazard ratio (HR): 1.531,
95% CI: 0.696-3.371, p = 0.290], but age (HR: 0.978, 95% CI:
0.960-0.997, p = 0.023) and sodium level (HR: 0.927, 95% CI:

Table 3. Baseline echocardiographic characteristics
of the study population

In-hospital survivors — In-hospital deaths

Variables (n=350) (n=7) p-value
LVEDD (cm) 6.3+1.0 6.1+04 0.607
EF (%) 25.6+7.0 20.7+8.9 0.101
sPAP (mmHg) 43.0+11.5 40.9+10.2 0.638

EF: ejection fraction, LVEDD: left ventricular end-diastolic diameter, sSPAP:
systolic pulmonary artery pressure.

Table 4. Correlation analysis of the variable

Cystatin C (95% CI)

Variables r-value Lower Upper p-value
NT-proBNP 0.324 0.069 0.539 0.014
MDRD -0.638 -0.770 -0.453 <0.001
Cockeroft -0.486 —-0.663 —-0.258 <0.001
Age 0.179 -0.086 0.420 0.183
Hospitalisation time -0.007 -0.267 -0.331 0.957

CI: confidence interval, MDRD: Modification of Diet in Renal Disease,
NT-proBNP: N-terminal pro-B-type natriuretic peptide.

0.874-0.982, p =0.010) were found to be related to mortality rate.
In the multivariate Cox proportional hazard model including
age, cystatin C, NT-proBNP and sodium levels, LVEF and
GFR variables, only admission sodium level was a significant
independent predictor of death during the 36-month follow up
(HR: 0.937, 95% CI: 0.880-0.996, p = 0.037) (Table 6, Fig. 1).

Discussion

This study showed that higher admission cystatin C levels among
patients with ADHF were related to in-hospital mortality rates,
and in multivariate analysis, both cystatin C level and age
were regarded as independent predictors of in-hospital death.
However, during long-term follow up, when the two groups were
compared in terms of mortality assessed on an annual basis,
sodium level was the only independent predictor of death.

The combination of acute cardiac and renal dysfunction,
termed cardiorenal syndrome,'” is associated with unfavourable
consequences in patients with acute HE."® Possible mechanisms
for renal dysfunction in HF are low cardiac output, higher central
blood pressure, renin—aldosterone—angiotensin axis dysfunction,
activation of sympathetic tone, oxidative damage, and impaired
renal perfusion.” Therefore, assessing renal function may simply
show haemodynamic and neurohormonal perturbations in
the setting of heart failure hospitalisations but may predict
unfavourable consequences.” Although markers such as eGFR,
BUN and creatinine level are easily available in routine blood
tests, they may not always represent renal function properly.”’ In
this context, using cystatin C levels may provide a more reliable
assessment of renal function.”

In some subsets of patients with chronically impaired renal
function, volume overload and haemodilution at the time of
ADHF hospitalisation may mask underlying dysfunction, while
patients with previously preserved renal function may present
with worsening renal function due to accompanying low cardiac
output and resultant low renal perfusion.” Therefore, since small
changes in GFR can be detected by cystatin C level,” it may be
preferred over standard renal function tests and may also be

Table 5. Comparison of admission cystatin C levels according

to survival, assessed on an annual basis

Cystatin C (mgll)

Follow up Survivor (n) Deceased (n) p-value
In hospital 1.22+0.39 (50) 1.62+0.62 (7) 0.023
12 months 1.24+0.35 (30) 1.31+£0.52(27) 0.373
24 months 1.21+£0.39 (22) 1.31£0.47 (35) 0.393
36 months 1.21£0.40 (19) 1.30 £ 0.46 (38) 0.491

Table 6. Multivariate analysis of predictors of mortality

during 36-month follow up

95% CI
Independent variables HR Wald ~ p-value  Lower Upper
Age 0.975 2.599 0.107 0.944 1.006
Cystatin C 0.959 0.005 0.946 0.287 3.201
NT-proBNP 1.000 0.512 0.474 1.000 1.001
Sodium 0.937 4.336 0.037 0.880 0.996
LVEF 0.952 2.697 0.101 0.897 1.010
GFR 0.984 3.509 0.061 0.967 1.001
CI: confidence interval, LVEF: left ventricular ejection fraction, GFR: glomeru-
lar filtration rate, HR: hazard ratio, NT-proBNP: N-terminal pro-B-type natri-
uretic peptide.
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Fig. 1. Plot of the survival curve for patients with acutely

decompensated heart failure.

useful in outcome measures.

Inazumi et al. found that cystatin C levels were more accurate
for mortality prediction than eGFR in patients with ADHE.*
They showed that even without a decrease in eGFR, increases
in cystatin C level were associated lower long-term, event-free
survival (180 days). Also, Rafouli-Stergiou et al. reported
that in-hospital rise in cystatin C and NT-proBNP levels was
useful in predicting 60-day cardiac death and rehospitalisation.*
Similarly, we found that, rather than estimated GFR calculations,
in-hospital mortality rate was related to higher cystatin C and
NT-proBNP levels. However, during long-term follow up, only
sodium level was an independent predictor of death, which
affirms that hyponatraemia is a surrogate marker for mortality.”

Interestingly, we found that younger patients were more
prone to suffer a cardiac death than older subjects. The possible
reason for this finding may be that our hospital is a tertiary
referral centre for heart transplant candidates, and younger
patients with a worse clinical condition are mostly referred to
our centre for advanced therapies. When we looked at similar
studies evaluating mortality differences in ADHF patients, they
principally included older subjects (60 years or more),"** with
an absence of younger patients, which might have limited data on
differences in mortality rates in such patients.

Compared to the above studies, including younger patients
may add further information about the association between
cystatin C levels and mortality rates in such populations.
Furthermore, among patients who died during their hospital
stay, the rate of prior cerebrovascular accident was significantly
higher than among survivors. The presence of cerebrovascular
accident is a risk factor for HF,* but the co-existence of these
conditions may be related to increased mortality rate.

In the ASCEND trial, 180-day follow up of patients with
ADHF showed that baseline cystatin C level was a strong
predictor of adverse events.”” However, increase in cystatin
C levels did not predict adverse outcomes. In contrast to the
ASCEND trial, we did not observe differences in mortality rate
with regard to baseline cystatin C levels during the 36-month
follow-up time. Despite the fact that the sample size of our study
was small, our results provide complementary data for long-term

follow up of subjects with ADHF and raised cystatin C levels.

Although our study had a prospective design and followed
patients for a considerable period, the number of recruited patients
was relatively small, which probably lowered the statistical power
of the study. Also, the recruited patients represent a relatively
young population compared to previous studies. Because our
centre is a tertiary referral hospital, the patient characteristics
may not represent the whole HF population. Finally, we
did not analyse GFR, cystatin C and plasma NT-proBNP
levels according to heart failure aetiology, and only admission
levels were evaluated rather than follow-up values. The cost-
effectiveness of serial measurements of cystatin C levels in the
prognostication of HF patients should be confirmed in large
prospective studies.

Conclusion

In subjects with ADHEF, evaluation of admission cystatin C levels
may provide a reliable prediction of death compared to eGFR or
NT-proBNP levels. Higher cystatin C levels provided important
prognostic data about unfavourable in-hospital outcomes. For
the post-discharge follow-up period, sodium level was the marker
that had prognostic significance.

The preliminary results of this study (in-hospital mortality) were accepted as
an oral presentation at the American College of Cardiology congress in 2013
(http://dx.doi.org/10.1016/j.cardfail.2013.06.088). The three-year follow-up
results were accepted as an abstract presentation at the European Society of

Cardiology Heart Failure congress (21-24 May 2016) in Florence, Italy.

References

1. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney
disease and the risks of death, cardiovascular events, and hospitaliza-
tion. N Engl J Med 2004; 351: 1296-1305.

2. Dharnidharka VR, Kwon C, Stevens G. Serum cystatin C is superior to
serum creatinine as a marker of kidney function: a meta-analysis. Am J
Kidney Dis 2002; 40: 221-226.

3. Taub PR, Borden KC, Fard A, Maisel A. Role of biomarkers in the
diagnosis and prognosis of acute kidney injury inpatients with cardiore-
nal syndrome. Expert Rev CardiovascTher 2012; 10: 657-667.

4. Lassus J, Harjola VP. Cystatin C: a step forward in assessing kidney
function and cardiovascular risk. Heart Fail Rev 2012; 17: 251-261.

5. GarciaAcuia JM, Gonzalez-Babarro E, Grigorian Shamagian L, Pefia-
Gil C, Vidal Pérez R, Lopez-Lago AM, et al. Cystatin C provides more
information than other renal function parameters for stratifying risk
in patients with acute coronary syndrome. Rev Esp Cardiol 2009; 62:
510-519.

6.  Naruse H, Ishii J, Kawai T, Hattori K, Ishikawa M, Okumura M, et al.
Cystatin C in acute heart failure without advanced renal impairment.
Am J Med 2009; 122: 566-573.

7. Dupont M, Wu Y, Hazen SL, Tang WH. Cystatin C identifies patients
with stable chronic heart failure at increased risk for adverse cardiovas-
cular events. Circ Heart Fail 2012; 5: 602-609.

8. Bruneau BG, Piazza LA, de Bold AJ. BNP gene expression is specifically
modulated by stretch and ET-1 in a new model of isolated rat atria. Am
J Physiol 1997; 273: H2678-2686.

9. Gustafsson F, Steensgaard-Hansen F, Badskjaer J, Poulsen AH, Corell
P, Hildebrandt P. Diagnostic and prognostic performance of N-terminal

ProBNP in primary care patients with suspected heart failure. J Card



)

CARDIOVASCULAR JOURNAL OF AFRICA ¢ Volume 29, No 5, September/October 2018

Fail 2005; 11: S15-20.

Bettencourt P, Azevedo A, Pimenta J, Frides F, Ferreira S, Ferreira A.
N-terminal-pro-brain natriuretic peptide predicts outcome after hospital
discharge in heart failure patients. Circulation 2004; 110: 2168-2174.
Flores-Blanco PJ, Manzano-Fernandez S, Pérez-Calvo JI, Pastor-
Pérez FJ, Ruiz-Ruiz FJ, Carrasco-Sanchez FJ, et al. Cystatin C-based
CKD-EPI equations and N-terminal pro-B-type natriuretic peptide
for predicting outcomes in acutely decompensated heart failure. Clin
Cardiol 2015; 38: 106-113.

JCS Joint Working Group. Guidelines for treatment of acute heart fail-
ure (JCS 2011). Cire J 2013; 77: 2157-2201.

Swedberg K, Cleland J, DargieH,Drexler H, Follath F, Komajda M, er
al. Guidelines for the diagnosis and treatment of chronic heart failure:
executive summary (update 2005): the Task Force for the Diagnosis
and Treatment of Chronic Heart Failure of the European Society of
Cardiology. Eur Heart J 2005; 26: 1115-1140.

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more
accurate method to estimate glomerular filtration rate from serum
creatinine: a new prediction equation. Modification of Diet in Renal
Disease Study Group. Ann Intern Med 1999; 130: 461-470.

Cockcroft DW, Gault MH. Prediction of creatinine clearance from
serum creatinine. Nephron 1976; 16: 31-41.

Otto CM. Textbook of Clinical Echocardiography. 3rd edn. Philadelphia,
USA: WB Saunders, 2004: 131-165.

Shlipak MG, Massie BM. The clinical challenge of cardiorenal
syndrome. Circulation 2004; 110: 1514-1517.

Smith GL, Vaccarino V, Kosiborod M, Lichtman JH, Cheng S, Watnick
SG, et al. Worsening renal function: what is a clinically meaningful
change in creatinine during hospitalization with heart failure? J Card
Fail 2003; 9: 13-25.

Damman K, Voors AA, Navis G, van Veldhuisen DJ, Hillege HL. The
cardiorenal syndrome in heart failure. Prog Cardiovasc Dis 2011; 54:

20.

21.

22.

23.

24.

25.

26.

27.

144-153.

Metra M, Nodari S, Parrinello G, Bordonali T, Bugatti S, Danesi R,
et al. Worsening renal function in patients hospitalised for acute heart
failure: clinical implications and prognostic significance. Eur J Heart
Fail 2014; 10: 188-195.

Testani JM, McCauley BD, Chen J, Coca SG, Cappola TP, Kimmel SE.
Clinical characteristics and outcomes of patients with improvement in
renal function during the treatment of decompensated heart failure. J
Card Fail 2011; 17: 993-1000.

Jaisuresh K, Sharma RK, Mehrothra S, Kaul A, Badauria DS, Gupta
A, et al. Cystatin C as a marker of glomerular filtration rate in voluntary
kidney donors. Exp Clin Transplant 2012; 10: 14-17.

Inazumi H, Koyama S, Tanada Y, Fujiwara H, Takatsu Y, Sato Y.
Prognostic significance of changes in cystatin C during treatment of
acute cardiac decompensation. J Cardiol 2016; 67: 98-103.
Rafouli-Stergiou P, Parissis J, Farmakis D, Bistola V, Nikolaou M,
Vasiliadis K, et al. Prognostic value of in-hospital change in cystatin C
in patients with acutely decompensated heart failure and renal dysfunc-
tion. Int J Cardiol 2015; 182: 74-76.

Gheorghiade M, Rossi JS, Cotts W, Shin DD, Hellkamp AS, Pifia IL, et
al. Characterization and prognostic value of persistent hyponatremia in
patients with severe heart failure in the ESCAPE Trial. Arch Intern Med
2007; 167: 1998-2005.

Ahmadi A, Etemad K, Khaledifar A. Risk factors for heart failure
in a cohort of patients with newly diagnosed myocardial infarction:
a matched, case-control study in Iran. Epidemiol Health 2016; 38:
€2016019.

Tang WH, Dupont M, Hernandez AF, Voors AA, Hsu AP, Felker GM,
et al. Comparative assessment of short-term adverse events in acute
heart failure with cystatin C and other estimates of renal function:
results from the ASCEND-HF trial. J Am Coll Cardiol Heart Fail 2015;
3:40-49.






