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ABSTRACT

introdoction: Renal dysfunclion is common in paticnls with
liver cirthosts. occws about 195 of hospitalized patients with
cirhosis which have a huge impacton progaosis. Scrum crea-
uninc{Cr)1s a widcly uscd bul less reliable marker o estimale
glomcrular fillration rate (GFR). Scrum cystatin C(CysC)is a
good endogenous marker 1o deteimine carly renal impairmient
. Combinced cystatin C and creatinine is an cflective rellee-
non of GFR. This sludy aimed 1o validale renal function by
cstimation of GFR using scrum cyslatin C and scrum crea-
lininc individually and combincdly, Methods: This was an
obscrvational cross scetional study, conductled in Department
ol Hepalology, Bangabandhu Sheikh Mujib Medical Univer-
sity, Dhaka, Bangladesh. Thirly paticals were cirthosis with
hcepalorenal syndrome (HRS) and thirty weie cinhosis with-
oul HRS. Resilt: Mcan value ol scrum creatinine. scrum
cystatin C. GFR by crcatinine, GFR by cystatin C and GFR
by (cre-cys) were statistically significant (p<() 3) between
wo groups. All the study population were 1n Child Pugh B
and C. Associalion of mean values ol creatinine, cystatun C,
GFR by crealinine, GFR by cyxialin C and GFR by (c1c-¢¥5)
with Child Pugh B and C were statistically significant inboth
groups. Bacscd on ROC curves al cut-eff value of 129 mg/ml
cystatin C had scasitivity 96 7% and specilicity 76.7% feor dc-
e ing HRS. Coclficient o' GFR by creatinine was 001 (C1
-0 01 10 000) which was not stalistically significant. Cocili-
cical of GFR by cystatin C was -0 02 (C1 -0.03 o 0.00) and
GFR by (cre-cys) way 004 (C1 001 1o 0 06) which were sta-
Listically sigaificant (or diagnosis ol HRS. Conclusion: Com-
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bincd serum ercatinine and cystatin C bascd GFR showed sig-
nilicant association (o discriminale carly renal impairment io

paticaly with cinhosis ol liver,

Keywords: Scrum Cystatin C. Scrum Crealinine, hypo-
volacmia, pathophysiological

INTRODUCTION

Impairment ol reagl function in paticals with fiver cirrhosis
is common; ilhas a huge impact oo the paticats’survival |11
Morcover the severily ol renal dysfunclion usually progiesses
in parallel with advancement ol the cinhosis and portal hy-
periension.  Therefore paramelers of impaired renal lunction
arc valuable and close monitoring ol 1cnal Junction is of great
chnical importance. Hepalorenal s yndrome is & major com-
plication of curhosis of liver with ascites. HRS is the most
advancce stage ol the various pathophysiological derangement
thal lake place in cirthosiy [2]. Acute 1enal dysfunction e-
cuis 1n 15-20% of hospitalized patical with cirthosis. HRS
found in 10-13% of such paticnts and app:ars (o be an exten-
Lion of pathophysiology: ol prerenal azotacmia and Therclore
polentially reversible.  Anoual {requency of HRS in paticnt
with cinhosis 8% and some repoits as high as 40% [3). HRS
18 8 luncuonal renal Jailure caused by intrarenal vasoconsiric-
ion which occur in paticnt with cead stage liver discase and
circulatory dysfunction [4). Nis characterized by splanchnoice
vasod ilatation with a relatively low cardiac output leading Lo
cffective hypevolacmia. GFR is universally considered as a
measure of oveall (wnction of kidacy: Scrum creatinine s

most widely used marker for noniovasive GFR celimalion in
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clinical practice. However 1t is a poor guide to estimate GFR.
Decrease hepate production of creatimine, muscle atrophy, re-
duced protein imtake especially in patient with liver cirrhosis
account for an increased gap between serum creatinine level
and actual renal function |5]. Cirrhotic patients often have nor-
mal creatimne level in presence of moderate or severe renal
impairment. As a result it may overestimate GFR compared
with actual renal dysfunction. So, its role is thus limited for
the detection of mild or moderate renal injury in cirrhotic pa-
tent [6]. Serum cystatin C 15 a non-glycosylated low molecu-
lar weight protein, almost never influenced by external factors
such as age, pender, muscle mass, inflammation. It has been
proposed as a novel bomarker ol the renal function [7)]. It re-
flects GFR more accurately than serum creatinine. Cystaun C
can help to detect early renal injury as it increases carlier than
creatimine when GFR dechines [B, 9], In patients with cirrho-
s15 of liver serum cystatin C may be more effective than serum
creatinine in measurement of renal function [10]. So, cystatin
C 15 considered as a good parameter to estimate GER lor de-
tection of HRS development and to assess survival in these

patients.

METHODOLOGY

This observational cross sectional study was conducted in the
Department of Hepatology, Bangabandhu Sheikh Mujib Med-
wcal University (BEMMU) from July 2014 to June 2017. The
diagnosis of cirrhosis was based on a combination of clim-
cal, laboratory and ultrasonographic findings. Total 50 pa-
tients were enrolled in this study. Cirrthotic patient who met
the criteria of hepatorenal syndrome [10]considered as case.
Age & sex matched cirrhotic patient without HES visited out-
patient and admitted mpatient department as control. Patents
aged 18-60 years were ehigible for the study. Patients were ex-
cluded if they had intrinsic renal disease, cardiac failure, ma-
lignancy, thyrowd disorder. Sample for serum creatinine and
serum cystatin C were sent 1o Biochemistry and Microbiol-
ogy department respectively. The local ethical committee ap-
proved the study. A wnllen mformed consent was oblaned
from all participating patients prior to include in the study.
Serum creatinine was measured by kinetie jatle’s method on
Automated Birochemical analyzer (Olympus AU 4 Serum
cystatnC was measured by ELISA method wsing cystaiin C
kit on a CX7 analyzer. GFR was calculated using three esti-
mating formula, modification of diet in renal discase (MDED)
by 4 variables, Chronic Kidney Disease Epidemiology Collab-
oration (CKD-EPI) using cystatinC alone (CKD-EPIcys) and
both creatinine and cystatinC (CKD-EPlere-cysC).

GFR was estimated by using formula:

A) Serum creatimine based GFR: MDRD

1.86 creatinine 1% 3 age ~%20F ¢ (0.742 (F) [11]

B) Serum Cystatn C based GFR: CKD - EPI

1277 = cystaln et L) age — 13 0,91 (F) [12]

C) Serum creatinine — cystatin C based GFR: CKD - EPI

6x (s fereatimine in mg/dl -0 65 x(s/ cystatin C in mg/1 -0
57 xage-02 <082 (F[13]

Statistical analysis was carried outl by using the Statstical
Package for Social Sciences version 23.0 for Windows (SPSS
Inc.. Chicago, Illinois, USA). Student t-test was used to an-
alyze the categorical vanables, shown with cross tabulation.
Receiver operating characteristic (ROC) curves was generated
to determine the cut off value for the best sensitivity, speci-
ficity, negative and positive predictive values of Creatinine,
Cystaun C, GFR by cystaun C, GFR by creatinine and GFR
by cre-cys to diagnose HRS. P values <0.05 was considered as

statistically significant.

RESULTS

Baseline characteristics data of the enrolled patients are pre-
sented n Table 1. The mean age was found 30021003 vears
i case group and 43.9+11.2 years in control group. Majority
( 96% )patients were male in case group and 80.0% in control
group. Mean serum creatinine was found 2.97+3.05 mg/dl in
case group and (0.961+0.25 mg/dl 1n control group, and mean
serum cystatin C was found 2.4+1.04 mg/L in case group
and 1.08+0.35 mg/L in control group. The mean GFR by
creatinine was found 34.364+10.43 ml/min in case group and
96.76£34.78 ml/min in control group, mean GFR by cystatin
C was 30.6£10.71 ml/min in case group and 82.73+28.49
ml/min in control group. The mean GFR by cre-cys was found
30.534+9 4 ml/min in case group and §6.9+27.46 ml/min in
control group. The mean differences were statistically sig-
mificant (p<(0.05) between two groups (Table 2). HBsAg was
found in 60.0% cases and 86% controls. Anti HCV was found
in 16% cases . In Child Pugh B (7-9 score), mean creatinine,
cystatin C, GFR by creatinine, GFR by cystatin C and GFR
by cre-cys were staistically sigmhicant (p<0.05) between case
and control groups. In Child Pugh C (10-13 score), mean cre-
atinine, cystatin C, GFR by creatinine, GFR by cystatin C and
GFR by cre-cys were also statistically significant (p<().05) be-
tween case and control groups (Table 3).

Based on ROC curves serum creatinine at cut off value
of 1.38 mg/dl had sensitivity 100.0% and specificity 96.7%
for diagnosis of HRS, Serum cystatin C at cut-off’ value of
1.29 mg/ml had sensitivity 96.7% and specilicity 76.7% for
HRS. At cut-off value of 32.5 ml/min of GFR by cyslatin
C had sensitivity 46.7% and specificity 3.3%, 42.5ml/min of
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Table 1 Baseline characteristics of the study population.

Variable

Age (years)

BMI {kg/m”)

SBF (mmHg)

DBP (mmHg)

Creatimine (mg/fdl)

Cystatin C (mg/L)

GFR by creatinine (ml/min)
GFR by cystatin C (ml/min)
GFR by cre-cys (ml/min)
Child-Pugh score

Serum sodivm (mmol/L)
serum potassium (mmol/L)
Ascitie Mud

TC {cumm)

Neutrophil (%)
Lymphocyte (%)

Total protemn (gm/dl)
SAAG (gm/dl)

Mean +5D Min
47.1 ol ] B 1 5.0
234 +3.0 1 5.0
082 =119 40.0
6.6 +7.6 0.0
1.96 +2.37 (.52
1.74 +1.02 (.62
65.57 14047 o
56.67 +33.86 5
5871 3495 !
10.3 +1.6 1.0
1293  +£59 116.0
4.1 +0.7 2.7
57677  L£I583E 200
2949 +25.0 4.0
70.1 +25.0) 1.0
1.1 +0.5 (.1
1.4 +0.4 1.0

-Mnax
-60).0
-35.4
-120.0
-80.0
-18.0
-6.90)
-180
-126
-132
-13.0
-146.0
-6.0)
-Q000.0
-90.0
-96.0
-2.6
-3.0

Table 2 Mean creatinine,cystatin G, GFR by creatinine, GFR by eystatin C and GFR by (cre-cys) ofthe study population.

Case (n=25)

Mean +8D
Creatimine (mg/dl) 2.97 +3.05
Cystatin C (mg/L) 24 +1.04
GER by creatining (ml/min) 34.36 1043
GFR by cystatin C (ml/min) 3.6 +10.71
GFR by cre-cys (ml/min) 3053 £94

Control (n=25) P
Mean +SD value
(.96 +0).25 0.0 3%
1.0 +().35 0.021%
9676 L3478 00017
8273 L2849 (0.001°
HhY +27.46 0.001°

s=significant
F value reached from unparedi-test

Table 3 Association betweencreatinine, cystatin C, GFR by creatinine, GFR by cystatin C and GFR by (cre - cys) with Child Pugh.

Child Pugh

B score (n=16)

Creatinine {mg/dl)

Cystatin C (mg/L)

GFR by creatinine (ml/min)
GFR by cystatin C {mlfmun)
GFR by cre-cys {ml/min)

C score (n=34)

Creatinine {mg/dl)

Cystatin C {mg/L)

GFR by creatinine {ml/min)
GFR by cystatin C {iml/fmun)
GFR by cre-cys (ml/min)

Case
Mean-+5SD
in =6)
2.29+0.76
2411094
34.57+10.1
28.57+£9.74
M09 3K
in =20)

3 18x3.45
2.41£1.00
3431076
31.22411.12
30.7+9.61

Control
Mean-+5D
(n=10)
(0.95+0.23
1.0740.35
95.08+35.75
82.171+30.27
Bl.0L28.15
in=14)
0.93+0.258
1.1=0.37
97.89+35.12
831142814
86.83+27.82

P value

(.00
(00"
0001
0.0017
(.00

0.0117
WRL N
(.00
(.00
RL I

s= spanificant
P value reached from unpairedt-test
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Table 4 Receiver-operator characteristic curves ofcreatinine, cystatin C, GFR by cystatin C, GFR by creatinine and GFR by (cre -

cys) for prediction of HRS.

: T e Area under the ROC  95% Cl
Cut of value Sensilivily Specihicity
curve Lower Upper bound
bound

Creatinine 1.38 100.0 96.7 1.000 1.{HK) 1000
Cystatin C 1.29 96.7 76.7 0974 0.943 1000
GFR by cys- 325 46.7 3.3 0026 0.000 (.063
tatin C

GER by cre- 425 26.7 3.3 0013 (L 0.034
atinine

GFR by cre-  38.5 10.0 (0.0 (004 REEY 0.013
CYS

GFR by creatinine had sensitivity 26.7% and specificity 3.3%
and 38.5ml/min of GFR by cre-cys had sensiivity 10.0% and
specihcity 0.0% lor HES (Table 4).

Coefficient of GFR by creatimine was -0.01 (CI -0.01 two
(L00) which was not statistically significant. Coeflicient of
GFR by cystatin C was -0.02 (CI -0.03 to 0.00) and GFR by
(cre - cys) was (.04 (CI 0.01 to 0.06) which were statistically
significant {Table 5).

DISCUSSION

This observational cross sectional study was conducted in the
Department of Hepatology, BSMMU, Dunng the study penod
from July 2014 to June 2017, total 50 patients were admitted
at inpatient and visited outpatient department were enrolled.
Thirty panents were cirthosis with HRS considered as cases
and 30 patents were cirrhosis without HES as control.  In
this present study showed in case group 52% patients were
belonged to age 51-60 years and in control group 46% were
in 41-50 vears. The mean age difference was statistically sig-
nificant (p<0.05) between two groups. Murty et al. [14]found
similar relationship. In our study majority patients were male,
96.7% 1n case group and 80.0% 1n control group. The median
serum creatinine level was significantly lower in women than
men (0.7 vs. 0.9 mg/dl, P=0.015), but there was no signifi-
cant difference in median cystatin C levels (1.0 vs. 1.1 mg/L,
P=0.545) and mGER (74.5 vs. 77.9 ml/min/1.73 m®, P=0.973)
between women and men. Age, female sex were an indepen-
dent predictor of serum creatimine level { 5=—0.205, P=0.007),
but not of serum cystatin C level { 7=—0.055, P=0.526). In this
study the mean creatmne, cystatin C, GFR by creatimine, GFR
by cystatin C and GFR by cre-cys were statistically significant
(p<0.05) between case and control groups. Murty et al. ob-

served | 14 |the mean serum creatimne was high in AKI group

than healthy group. Culafic et al. [15]measured cystatin C in
patents with hiver cirrhosis and they have confirmed sigmbh-
cantly higher cystatin C in patients with cirrhosis (p= 0.036).
El-Agroudy et al. |16]also showed mean diflerences of cre-
atimine, cystaun C, GFR which were stanstically significant
{p<(0L05) between case and control groups. Regarding etiol-
ogy HBsAg, anti HCV and non viral causes were detected.
In cases group, 60.0% were HBsAg positive, 16.7% were anli
HCV positive and 23.3% were non viral. In control group,
#6.7% patients were HBsAg positive, 13.3% were non viral
and no anti HCVY was detected. All enrolled patients were
in Child Pugh B and C class. We showed that 76.7% cases
and 60.0% controls were in CP-C, where as 23.3% cases and
40.0% controls were in CP-B. In the study of Omar et al. [17]
most patients were Child-Pugh class C (74.3%) and Child-
Pugh class B (25.7%). Both in Child Pugh B and C, mean
creatinine, cystatin C, GFR by creatinine, GFR by cystatin C
and GFR by cre-cys were statistically significant {p<(.05) be-
tween case and control groups. In Culafic et al. |13] study
post-hoc comparisons showed statistically significant differ-
ences in values of cystatin C between Child-Pugh A and B (P
= (L014). Woatas et al. [18]m therr study found that cystatin C
was significantly higher in Child-Pugh B and C patients when
Another study ol El-
Aprondyet al also showed mean creatinine 0.88+-0.31 me/dl

compared to Child-Pugh A patients.

m Child Pugh B group and mean serum cystatin C 2.7 0,67
mg/l in Child Pugh C group. In the study of Gerbes et al. [19]
the sensitivity ol cystaun C (86.7%) tended 1o be higher than
that of creatimine (60.0%; N§) and urea (53.3%; N5) at equal
specificity of 60%. The area under the receiver-operator char-
actenstiic (ROC) curves for the HES predictors 15 depicted n
Figure 1. Recerver-operator charactenstic (ROC) were con-
structed using creatinine, cystatin C, GFR by cystatin C, GFR
by creatimmne and GFR by cre-cys of the patients with HRS,
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Table 5 Multivariable regression analysis for associalion betweenGFR by creatinine, GFH by cystatin C and GFR by (cre-cys)

Coeflicients P value sl
Lower Upper
GFR by creatinine -(1.01 0,13 -(0.01 .00
GEFR by cystatn C -(.02 .02 (.03 (.00
GFR by cre-cys (.04 (LM (.01 (.06

s=sipnificant ns= not significant
Multivanablelogistic regression analysis was performed

ROC Curve
1.0
Source of the
Curve
Creatinine
CystatinC
0.8 GFR by creatinine
—GFR by cystatin C
GFR by Cre-Cys
0.6
&
=
=
i
c
@
0 0.4
0.2=
et
g
0.0 | | | 1
0.0 0.2 0.4 0.6 08 10

1 - Specificity

Diagonal segments are produced by ties,

Figure 1 1 : Receiver-operator characteristic curves of creatinine, cystatin C, GFR by cystatin C, GFR by creatinine and GFHR by
cre-cys.
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which gave a creatinine cut off value of 1.38 mg/dl with a best
combination of sensitivity 100.0% and specificity 96.7% for
diagnosis of HRS. At cut-off value of 1.29 mg/l the sensitivity
and specificity ol cystatin C in diagnosing HRS were found
o be 96.7% and 76.7%, respectively. At cut off value of 32.5
mb/min the sensitivity and specificity of GFR by cystatin C
were lound to be 46.7% and 3.3%, respectively. At thas cut-
off value of 42.5 mlfmin the sensitivity and specificity of GFR
by creatimine were found to be 26.7% and 3.3%. respectively.
Al cut-off value 38.5 ml/min the sensitivity and specificity
of GFR by cre-cys were 10.0% without specificity. Omar el
al. | 17] showed ROC curves which were coordinated to define
cutof! values with acceptable sensiivity and specihicity Lor the
studied tests and formulae. One strong limitation of serum cre-
atinine and creatinine based equations was thal serum creati-
mne lags behind a decreasing GFR |20]. 50 they are not accu-
rately reflecting the present status of the renal function of the
patient, a limitation that has been overcome by serum cystaiin
C that proved to accurately reflect the early stages of renal im-
pairment according to the results of this study. Another study
by El-Agroudy et al. "™ revealed serum cystatin C had higher
sensitivity and specificity than serum creatinine in the studied
subjects. At cut off value of 1.2 mg/l cystatin C had the highest
sensitivity for patients group while in control group creatimine
had highest sensitivity at cut off value 0.8 mg/dl. Wang D
el al showed serum cystatinC and eGFR cys are superior 1o
serum creatinine and eGFR cre in diagnosis of secondary re-
nal impairment of hepatic cirrhosis where cystatinC at cut off
value 1.24 showed sensitivity 87.6% and specificity 93.1%. At
cut off value of 63.4 mi/min ¢GFReys showed sensitivity 879%
and specificity 94.4%. [21] Correlation coefficient of GFR by
creatinine was -(.01 (Cl -0.01 to 0.00) which was notl statist-
cally significant. Correlation coefficient of GFR by cystatin C
was -0.02 (CI -0.03 10 0.00) and GFR by {cre - cys) was (.04
(CI 0.01 o 0.06) which were statistically significant. Omar
et al. [17) showed different measures and estimated the renal
functions which were correlated with the 1sotopic GFR using
Pearson's correlation. CKID-EPI (cr-cys) had the highest R
amonyg all other measures. Murty et al. [ 14] showed multiple
logistic regression applied o GFR calculated serum creatinine
and serum cystatin C i AKI group. Cystauin C based GFR
resulted in more negative correlation compared 1o creatinine
based GFR in the AKI group. The p value was significant (p<
(1.01) for GFR {cysC-cre).

CONCLUSION

For proper detection and treatment of any progressive disease

4 highly sensitive test is required. Renal impairment usually

have a huge impact on the prognosis of liver cirthosis. So, es-
tablishment of a good marker for renal funcuiion is of utmost
important. Our study found that estimated GFR by using com-
bined serum creatinine and serum cystatin C was the best mea-
sure that reflect actual renal performance to detect early stages

of renal impairment in patients with cirrhosis of liver.
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