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Renal arterial vasoconstriction may persist for weeks, even 
months before an increase of  blood urea nitrogen or serum 
creatinine values can be discovered.

Duplex Doppler ultrasonography of  the kidneys is an easy 
and non-invasive method to assess blood flow and arterial 
vascular resistance as a parameter for vasoconstriction. The 
arterial resistance index is the most widely used parameter 
to estimate the arteriolar vascular resistance.

The resistive index (RI) can be used to assess vascular 
resistance through a simple analysis of  the Doppler 
waveform. The normal value of  RI is 0.50–0.70 and is 
measured at the arcuate arteries or interlobar arteries. To 
define the prognostic value of  RI measurement for renal 
function impairment in patients with different stages of  CLD 

INTRODUCTION

Renal dysfunction often develops in patients with chronic 
liver disease (CLD). The impairment of  kidney function 
is caused by severe renal arterial vasoconstriction due to 
complex changes in systemic hemodynamics. Hepatorenal 
syndrome (HRS) is the most serious complication of  renal 
dysfunction in patients with CLD and is associated with 
extremely short survival time.

Original  Article

Abstract
Introduction: Hepatorenal syndrome (HRS) is the most serious complication of renal dysfunction in patients with chronic liver 
disease (CLD). Renal arterial vasoconstriction may persist for weeks, even months before an increase of blood urea nitrogen 
or serum creatinine values can be discovered.[1] Duplex Doppler ultrasonography of the kidneys is an easy and non-invasive 
method to assess blood flow and arterial vascular resistance as a parameter for vasoconstriction.[2-4] Intrarenal resistive index 
(RI) may be superior to serum creatinine levels as an indicator in patients with liver cirrhosis for the detection of patients at risk 
for the development of HRS.

Objective: The objective of the study was to correlate renal Doppler indices with serum creatinine levels in various stages of 
CLD and to determine its role in predicting the risk for developing HRS in patients of CLD.

Materials and Methods: Grayscale, color flow, and duplex Doppler ultrasonography were performed inpatients of CLD, which 
were divided into four groups with increasing clinical severities. There serum creatinine level was compared with renal Doppler 
indices in various groups of increasing severity.

Results: Most common cause of CLD in our study population was alcoholism (62%). About 65% of cases show irregular liver 
surface, and irregular liver surface is significantly higher in Groups II, III, and IV versus Group 1. Heterogeneous, homogenous, 
and fatty echo texture were showed by 78%, 11%, and 11%, respectively. Mean peak systolic velocity and end-diastolic velocity 
in our study are 33.99 cm/s and 11.55 cm/s, respectively. Mean pulsatility index in cases was 1.17. In our present study, RI 
level was significantly higher in cirrhotic patients, and there is a significant association between RI and study groups. As the 
severity of liver disease of group increases, the RI value also gets elevated.

Conclusion: Intrarenal RI seems to be a helpful predictor to identify a subgroup of CLD patients with a higher risk of developing 
kidney failure or HRS, which can translate into the early initiation of treatment for impending HRS.
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more precisely, we analyzed intrarenal arterial resistance index 
in patients with CLD and correlated it with serum creatinine 
level which indicates severity of  renal function decline.

MATERIALS AND METHODS

Source of Data
This is a hospital-based prospective cross-sectional study of  
sample size100 subjects, conducted at the Department of  
Radiodiagnosis and Imaging, Gandhi Medical College and 
Hamidia Hospital, Bhopal. The study population include 
patients with CLD referred to our department for radiological 
assessment from various Departments of  Gandhi Medical 
College and Hamidia Hospital, Bhopal. The study period 
was performed between March 2017 and September 2018.

Plan of Study
All the patients were referred to our department for 
ultrasound from various Departments of  Gandhi Medical 
College and Hamidia Hospital, Bhopal. On the basis of  their 
clinical profile, 100 cases are divided into four groups – CLD 
patient without ascites, with mild ascites, with moderate 
ascites, and with gross/refractory ascites. Twenty-five 
controls were taken for comparison. No financial burden 
was incurred on the patient. Ethical clearance was taken 
from Ethics Committee of  Gandhi Medical College, Bhopal.

Inclusion Criteria
All patients of  age more than 18 years who have 
sonographic evidence of  CLD and patients willing to 
cooperate for the study were included in the study.

Exclusion Criteria
Emergency, trauma, and post-operative patients, patients 
with diabetes, hypertension, or nephrotoxic drug intake 
were excluded from the study. Patients with acute infections, 
malignant diseases, nephropathies, and pathomorphological 
findings in ultrasound include decreased kidney size, 
reduction of  renal parenchymal width, and significant 
renal parenchymal hyperechogenicity. Patients unwilling 
to cooperate in the study were excluded from the study.

Instrumentation
All examinations were performed using ultrasound and 
color Doppler Machine Philips, GE, and Esaote of  our 
department using convex 3.5–5 MHz array transducer and 
11–12.5 MHz linear transducers.

Statistics Analysis
Descriptive statistical analysis was performed with 
Statistical Analysis System version 9.2 for windows and 
SPSS Complex Version 21.0 for windows, Inc., Chicago, 
USA, with Microsoft Word and Excel being used to generate 
graphs and tables. Results are presented as Mean ± standard 

error of  mean and in number (%). Chi-square test used to 
find the significance of  study parameters on categorical 
scale between two and more groups.

Methodology
The patient was explained complete details about the study. 
Consent form in a local language containing all information 
about study was given to the patient. Once a patient satisfied 
the inclusion criteria, a thorough workup of  patients was done 
by history taking, clinical examination, laboratory investigations, 
grayscale sonography findings, and renal Doppler examination. 
All patients subjected to detailed history of  CLD, especially 
bleeding tendency, ascites, jaundice, and encephalopathy. Direct 
ultrasonographic and Doppler examination of  the patient was 
done in the radiology department.

The patients examined in supine, oblique, both side 
lateral decubitus, and occasionally prone position using 
a combination of  subcostal and intercostals approach. 
After obtaining an optimum B mode, color flow and 
duplex Doppler activated and the values of  Doppler 
indices measured in the interlobar arteries. At least three 
satisfactory blood flow velocity waveforms were obtained 
and employed for statistical analysis of  the average from 
three waveforms. No significant differences between 
the left and right interlobar arteries were observed, and 
therefore the mean value of  both was taken [Figures 1-4].

Figure 1: Grayscale ultrasound image shows coarsened liver 
echotexture, dilated portal vein in a patient of chronic liver disease 
without ascites (left). Color Doppler ultrasound image shows left 

kidney normal in size, shape, and echotexture showing raised 
resistive index in intersegmental artery in same patient (right)

a b

Figure 2: Grayscale ultrasound image shows coarsened liver 
echotexture, dilated portal vein in a patient of chronic liver 
disease with mild ascites (left). Color Doppler ultrasound 
image with right kidney showing raised resistive index in 

intersegmental artery in same patient (right)

ba
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The RI was calculated as the difference between peak 
systolic velocity (PSV) and end-diastolic velocity (EDV) 
divided by PSV. The pulsatility index (PI), defined as 
the difference between peak systolic and end-diastolic 
flow divided by the mean maximum flow velocity was 
determined using calculation software. A mean value 
was calculated for the Doppler indices for both kidneys 
and was correlated with serum creatinine level. Data 
are collected, and system analyzed, and statistical tests 
applied.

OBSERVATIONS AND RESULTS

In our study of  100 cases of  CLD, the main burden of  
the disease was between 51 and 60 years. Study shows that 
CLD is common in both sexes with male predominance 
(74%). Out of  total 100 cases, 62% were alcoholic, 10% 
were chronic cases of  hepatitis B and C. About 5% of  cases 
were of  non-alcoholic fatty liver disease, which includes 
patients of  metabolic syndrome, as shown in Graph 1.

Ultrasonographic hepatomegaly was seen in 19% cases, and 
it was shrunken in 16%, signifying that in CLD, one may 
have an enlarged to a fibrosed liver depending on severity 
and chronicity of  underlying disorder. About 65% of  cases 
show irregular liver surface, while 35% shows smooth 

surface. The irregular surface is significantly higher in 
Groups II, III, and IV. No difference was found between 
Groups III and IV. About 78% and 11% of  cases showed 
heterogeneous and homogenous echotexture, respectively, 
in our study. About 11% showed fatty echotexture.

In our study, portal vein was dilated in 46% cases as 
compared to control, where it was dilated in only 4% case. 
The mean portal vein diameter in cases was 14.17 mm.

In our study, ultrasonographic splenomegaly was seen in 
65% cases with mean spleen size and was 14.01 cm. Spleen 
size is significantly higher in cases than controls, P < 0.001 
as computed by unpaired t-test.

Mean PSV and EDV in the case group in our study was 
33.99 cm/s and 11.55 cm/s, respectively. Mean PI in cases 
was 1.17 as compared to control group where mean is 0.98. 
PI is significantly higher in cases than controls, P = 0.049.

RI was significantly higher in non-ascitic patients with liver 
cirrhosis than in control subjects (16% vs. 4%) and in mild 
ascitic patients compared to non-ascitic patients (24 vs. 
16%), in moderate ascitic patient group compared to mild 
ascitic group (36% vs. 24%), and gross refractory ascitic 
patient group as compared to moderate ascitic patients 
(52% vs. 36%), as shown in Figures 1-4. Hence, there is a 
significant association between RI and study groups. As the 
severity of  liver disease of  group increases, the RI value 
also gets elevated, P < 0.001 as computed by Chi-square 
test, as depicted by Table 1.

In our present study, serum s creatinine level was 
significantly higher in cases as compared to control group 
(25% vs. 4%). Furthermore, as severity of  disease increases, 
serum creatinine level also keep on increasing non-ascitic 
liver disease patients (12%), mild ascitic patient (20%), 
moderate ascitic group (24%), and refractory ascitic group 
(44%) with P < 0.001 as computed by Chi-square test, as 
depicted in Table 2.

Figure 3: Grayscale ultrasound image shows small irregular, 
nodular liver showing dilated portal vein in a patient of chronic 

liver disease with moderate ascites (left). Color Doppler 
ultrasound image shows right kidney with significantly raised 

resistive index in intersegmental artery (right)

a b

Figure 4: Grayscale ultrasound image shows small irregular, nodular cirrhotic liver showing dilated portal vein and gross ascites 
in a patient of chronic liver disease with refractory ascites (left). Color Doppler (middle) and pulse Doppler (right) ultrasound image 

shows normal kidney showing normal vascularity, however showing significantly raised resistive index in intersegmental arteries in 
the same patient

a b c
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Gender
Out of  total cases, 26% were female and 74% were 
males. This study shows that CLD is common in both 
sexes with male predominance similar to that reported 
internationally.[5,6] No significant difference between the 
gender distribution of  cases and controls, P = 0.534 as 
computed by the Chi-square test.

Etiology of CLD
In our study, out of  a total 100 cases, 62% were alcoholic, 
10% were chronic cases of  hepatitis B and C. About 

Graph 1: Causes of chronic liver disease in study groups

Correlation of  RI with serum creatinine – there was 
no significant correlation noted between RI and serum 
creatinine in case Group I, correlation coefficient −0.186, 
P = 0.374 with a moderate significant relationship 
between RI and creatinine levels in case Group II, 
correlation coefficient −0.658, P < 0.001. There is a 
strong significant relationship between RI and creatinine 
levels in case Group III, correlation coefficient −0.719, 
P < 0.001. Furthermore, a strong significant relationship 
between RI and creatinine levels in case Group IV, 
correlation coefficient −0.739, P < 0.001, as depicted 
by Graphs 2-5.

Hence, as severity of  disease progresses, correlation 
between serum creatinine level and renal RI becomes more 
and stronger.

DISCUSSION

Our study is aimed to calculate the renal RI by renal 
Doppler study and to correlate it to the serum creatinine 
level in various progressive stages of  CLD patients. By this 
study, we can predict the risk of  developing renal failure 
in these CLD patients and prevent development of  HRS 
by early and timely intervention. HRS is a functional form 
of  acute kidney failure seen in patients with acute liver 
failure or CLD in absence of  any other identifiable cause 
of  renal failure.

In the present study, we used indices of  color Doppler 
ultrasound for diagnosis of  renal failures in progressive 
stages of  CLD patients. It is a non-invasive assessment of  
blood flow in renal vasculature.

AGE
The mean age of  cases was 44 years. Since controls were 
age-matched, there was no significant difference between 
the age group distribution of  cases and controls, P = 0.452 
as computed by Chi-square test. The main burden of  the 
disease was between 51 and 60 years.

Table 1: RI category distribution of various study 
groups
Group RI-category Total P 

valueElevated Normal
Case Group I

Count 4 21 25 <0.001
% within GRP 16.0 84.0 100.0

Case Group II
Count 6 19 25
% within GRP 24.0 76.0 100.0

Case Group III
Count 9 16 25
% within GRP 36.0 64.0 100.0

Case Group IV
Count 13 12 25
% within GRP 52.0 48.0 100.0

Control
Count 1 24 25
% within GRP 4.0 96.0 100.0

Total
Count 33 92 125
% within GRP 26.4 73.6 100.0

RI: Resistive index

Table 2: Creatinine category distribution of various 
study groups
Group Creatinine Total P 

valueCategory
Elevated Normal

Case Group I
Count 3 22 25
% within GRP 12.0 88.0 100.0

Case Group II
Count 5 20 25
% within GRP 20.0 80.0 100.0 <0.001

Case Group III
Count 6 19 25
% within GRP 24.0 76.0 100.0

Case Group IV
Count 11 14 25
% within GRP 44.0 56.0 100.0

Control
Count 1 24 25
% within GRP 4.0 96.0 100.0

Total
Count 26 99 125
% within GRP 20.8 79.2 100.0
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5% of  cases were of  non-alcoholic fatty liver disease, 
which includes patients of  metabolic syndrome (diabetes 

insipidus, hypertension, and hyperlipidemia, obesity, etc.). 
The leading causes worldwide of  CLD are hepatitis B 

Graph 2: (a and b) Correlation between resistive index and creatinine in the study Group I

a b

Graph 3: (a and b) Correlation between resistive index and creatinine in the study Group II

ba

Graph 4: (a and b) Correlation between resistive index and creatinine in the study Group III

ba
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virus, hepatitis C virus, and alcohol. Other causes of  CLD 
are viral hepatitis (hepatitis B and D, cytomegalovirus, 
and Epstein–Barr virus), toxoplasmosis, schistosomiasis, 
inherited and metabolic disorders, drugs, toxins, etc.[7]

Liver Span
In our study, ultrasonographic hepatomegaly was seen in 
19% cases and it was shrunken in 16%, signifying that in 
CLD, one may have an enlarged to a fibrosed liver depending 
on severity and chronicity of  underlying disorder. These 
findings are similar to the work of  Hanif  et al.[8] The most 
reliable measurement is sagittal dimension from the dome 
to the tip of  the right lobe taken at the midclavicular line. 
If  this exceeds 15.5 cm, the liver is enlarged.

Liver Surface/Edge
In our study, 65% of  cases show irregular liver surface, 
while 35% shows smooth surface. The irregular surface 
is significantly higher in Groups II, III, and IV versus 
Group 1 and control. Group I is higher than control. No 
difference was found between Groups III and IV. The 
control group showed no irregularities of  liver edges. 
However, a study done by Mahjabeen et al. showed 32% 
and 68% of  cases for irregular and normal liver edge, 
respectively.[9]

Liver Echotexture
Although, coarsening of  hepatic parenchymal echotexture 
were subjective signs, 78% and 11% of  cases showed 
heterogeneous and homogenous echotexture respectively 
in our study. 11% showed fatty echotexture. Weickert 
et al. conducted a prospective study on 100 patients by 
doing their ultrasound before biopsy also following the 
similar parameters laid down in our study. Results showed 
that ultrasound examination was sensitivity of  55% and 
specificity of  86%.[10]

Portal Vein Diameter
A significant difference between the portal vein diameter 
category distribution of  cases and controls noted, P < 0.001 
as computed by Chi-square test. In our study, portal vein 
was dilated in 46% cases as compared to control, where 
it was dilated in only 4% case. Mean portal vein diameter 
in cases was 14.17 mm whereas in control was 12.3 mm.

Spleen Size
In our study, ultrasonographic splenomegaly was seen 
in 65% cases and 8% of  controls. The mean spleen 
size was 14.01 cm in cases and 11.28 cm in controls. 
Spleen size is significantly higher in cases than controls, 
P < 0.001 as computed by unpaired t-test. The incidence 
of  splenomegaly in patients with hepatic cirrhosis varies 
in published reports from 32% to 42%. In a study by 
Liebowitz,[11] 17 among 50 patients with cirrhosis who 
died with bleeding esophageal varices, the spleen weighed 
more than 350 g in 28.

PSV
Mean PSV in the case group in our study is 33.99 cm/s 
while it is 30.56 cm/s in control group. No significant 
difference was found between PSV in cases and controls 
as computed by unpaired t-test (P = −0.197)

EDV
Mean EDV in our study case group was 11.55 cm/s, 
whereas in it was 11.72 cm/s in control group. No 
significant difference was found between EDV in cases 
and controls as computed by unpaired t-test (P = −0.872).

PI
Mean PI in cases was 1.17 as compared to control group 
where mean is 0.98. PI is significantly higher in cases than 
controls, P = 0.049.

Graph 5: (a and b) Correlation between resistive index and creatinine in the study Group IV

a b
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In Italy, Sacerdoti et al.[12] reported that the PI was 
significantly higher in non-ascitic cirrhotic patients than 
in control patients, in ascitic patients than in non-ascitic 
patients, in ascitic patients not treated with diuretics than in 
non-ascitic ones and in ascitic patients treated with diuretics 
than in those not treated. The PI was significantly higher 
in Child-Turcotte-Pugh Classes B and C patients than in 
Class A patients.

The normal mean PI is approximately 0.96 ± 0.10 for 
healthy subjects in a study by Mehnaz.[13]

Serum Creatinine
In our present study, serum creatinine level was 
significantly higher in cases as compared to control group 
(25% vs. 4%). Significant difference between the creatinine 
category distribution of  cases and controls, P = 0.023 as 
computed by Chi-square test. Also as severity of  disease 
increases, serum creatinine level also keep on increasing-
non ascitic liver disease patients (12%), mild ascitic patient 
(20%), moderate ascitic group (24%) and refractory ascitic 
group (44%) with P < 0.001 as computed by Chi-square 
test. Platt et al.[1] performed a long-term follow-up of  
180 patients with cirrhosis without azotemia, showing that 
despite similar severity scores, the outcome for HRS, and 
renal dysfunction were significantly worse in patients with 
initially elevated RI values. Within the group of  76 patients 
with RI ≥ 0.70, 55% developed kidney dysfunction and 
HRS, whereas only 6% (6/104) of  the subjects with normal 
RI <0.70 developed kidney dysfunction at the end of  
follow-up (P < 0.01).

RI
Doppler ultrasound measurement of  renal RI is a useful 
index to quantify renovascular resistance in cirrhotic 
patients before HRS develops. HRS is the outcome of  
vasoconstrictor systems[14,15] (i.e., the renin-angiotensin 
system, the sympathetic nervous system, and arginine 
vasopressin) on the renal vasculature, in an attempt to 
ameliorate the intense underfilling of  the arterial circulation. 
Thus, there is a drop in renal perfusion and glomerular 
filtration rate with intact tubular function. The RI provides 
us with an easy non-invasive tool to detect this deterioration 
in renal function as well as being a prognostic indicator.

RI values measured in interlobar-arcuate arteries are 
expected to show the most consistent results. No significant 
difference between the left and right kidney was found in 
our groups either. Concerning variability in RI measurement 
average a number of  at least three measurements in 
one kidney to obtained a single representative value.[16] 
Therefore, one representative value averaged from three 
measurements in one region appears to be sufficient to 
assess the RI in a patient.

On the basis of  previous studies, intrarenal RI of  0.70 was 
considered as a threshold value is indicative of  increased 
renal vasoconstriction.[17-19]

In our present study, RI level was significantly higher in 
cirrhotic patients (32%) than in control subjects (4%). 
Significant difference was found between the RI category 
distribution of  cases and controls, P < 0.001 as computed 
by Chi-square test. In addition, the RI was significantly 
higher in non-ascitic patients with liver cirrhosis than in 
control subjects (16% vs. 4%) and in mild ascitic patients 
compared to non-ascitic patients (24 vs. 16%), in moderate 
ascitic patient group compared to mild ascitic group (36% 
vs. 24%), and gross refractory ascitic patient group as 
compared to moderate ascitic patients (52% vs. 36%). 
Hence, there is a significant association between RI and 
study groups. As the severity of  liver disease of  group 
increases, the RI value also gets elevated, P < 0.001 as 
computed by the Chi-square test.

The correlation between increased RI and azotemia seems 
to confirm the role of  vasoconstriction in the pathogenesis 
of  cirrhotic kidney disease.[13] However, intrarenal arterial 
RI values were already significantly increased in the group 
of  non-ascitic cirrhotic patients and even higher in ascitic 
patients than in control subjects. Thus, RI measurement 
seems to identify renal vasoconstriction at an earlier time 
than elevated serum creatinine values.

In 2002, Bardi et al.[8] found out that RI in patients 
with HRS was significantly higher (≥0.70) compared to 
the normal subjects in his study. Platt et al.[1] measured 
intrarenal resistance, in 180, cirrhotic patients without 
kidney dysfunction. The mean initial RI in patients who 
subsequently developed the HRS was 0.77 ± 0.05. Kastelan 
et al.[17] investigated RI in 46 cirrhotics divided into three 
groups, those with cirrhosis and normal renal function, 
cirrhosis with renal dysfunction without HRS, and cirrhosis 
with HRS. They found that RI (≥0.70) was significantly 
increased in the cirrhotic patients with HRS compared to 
the other two groups. Götzberger et al.,[20] in their study, 
found the average RI levels in patients with liver cirrhosis 
and creatinine of  1.0 ± 0.4 were 0.77.

There is no doubt, therefore, of  the usefulness of  the RI 
in predicting HRS in cases of  established cirrhosis and 
which can translate into the early initiation of  treatment for 
impending HRS. Elevated RI values are more commonly 
seen in patients with advanced stages of  liver cirrhosis but 
can be regularly found in patients with clinical stages Child 
A or B. Therefore, the renal RI can play an additional role 
in evaluating the severity and prognosis of  the disease. Platt 
et al.[1] performed a long term follow-up of  180 patients 
with cirrhosis without azotemia showing that, despite 
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similar Child-Pugh scores, the outcome for HRS and renal 
dysfunction was significantly worse in patients with initially 
elevated RI values. Within the group of  76 patients with 
RI ≥ 0.70, 55% developed kidney dysfunction and even 
26% HRS, whereas only 6% (6/104) of  the subjects with 
normal RI <0.70 developed kidney dysfunction at the end 
of  follow-up (P < 0.01).

Intrarenal RI seems to be a helpful predictor to identify a 
subgroup of  patients with higher risk of  developing kidney 
failure or HRS. Follow-up studies are required to quantify 
the prognostic value of  elevated RI.

Correlation of RI with Serum Creatinine
There was no significant correlation noted between 
RI and serum creatinine in case Group I, correlation 
coefficient −0.186, P = 0.374 with a moderate significant 
relationship between RI and creatinine levels in case 
Group II, correlation coefficient −0.658, P < 0.001.

There is a strong significant relationship between RI and 
creatinine levels in case Group III, correlation coefficient 
−0.719, P < 0.001. There is a strong significant relationship 
between RI and creatinine levels in case Group IV, 
correlation coefficient −0.739, P < 0.001.

Hence, as severity of  disease progresses, correlation 
between serum creatinine level and renal RI becomes more 
and stronger.

We conclude that the evaluation of  intrarenal RI appears 
to be easy to perform, non-invasive method providing 
only with low costs for the assessment of  early renal 
impairment in patients with liver cirrhosis due to increased 
vasoconstriction which is at higher risk of  developing 
manifest renal failure.

CONCLUSION AND RECOMMENDATION

HRS is a functional renal failure seen in patients with 
acute liver failure or CLD in the absence of  any other 
identifiable cause of  renal failure. It is primarily a diagnosis 
of  exclusion. HRS carries a grim prognosis: Mortality is 
high, with median survival is 3–6 months.

In our present study, creatinine level was significantly 
higher in cases as compared to control group. Also as 
severity of  disease increases, serum creatinine level also 
keep on increasing-non-ascitic liver diseased patients, 
mild ascitic patient, moderate ascitic group and refractory 
ascitic group.

RI level was also significantly higher in cirrhotic patients 
than in control subjects. Similarly, the RI was significantly 

higher in non-ascitic patients with liver cirrhosis than in 
control subjects and in mild ascitic patients compared 
to non-ascitic patients in moderate ascitic patient group 
compared to mild ascitic group and gross refractory ascitic 
patient group as compared to moderate ascitic patients. 
Hence, there is a significant association between RI and 
study groups. As the severity of  liver disease of  group 
increases, the RI value also gets elevated.

Intrarenal RI seems to be a helpful predictor to identify a 
subgroup of  CLD patients with higher risk of  developing 
kidney failure or HRS, which can translate into the early 
initiation of  treatment for impending HRS. Longitudinal 
studies with carefully follow-up are necessary to corroborate 
and expand the above findings.

We conclude that the evaluation of  the intrarenal RI appears 
to be an easy to perform, non-invasive method providing 
only with low costs for the assessment of  early renal 
impairment in patients with liver cirrhosis due to increased 
vasoconstriction. The intrarenal RI may play an additional 
role in evaluating the severity and prognosis of  liver disease. 
This may help in identifying subgroups of  cirrhotic patients 
who need more intense monitoring. However, this needs 
further validation in larger cohorts with long-term follow-
up as well as we need to elucidate the optimal cutoff  values 
of  RI for diagnosing renal impairment. Intrarenal RI may 
be superior to serum creatinine levels as an indicator in 
patients with liver cirrhosis for the detection of  patients 
at risk for the development of  HRS.
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