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In patients with End Stage Liver Disease (ESLD) with ascites, Hepatorenal syndrome (HRS) is a complication with grave 
prognosis. Doppler evaluation of Renal Resistive Index (RRI) is a simple way of prognostication of patients with high risk 
of developing HRS. We evaluated 50 consecutive cirrhosis patients with ascites who fulfilled the inclusion criteria and 
measured RRI index on admission and found that it is a reliable marker of progression to HRS and predicting the renal 
function at 3 months.
Methods: 50 patients of liver cirrhosis from K R Hospital, Mysuru, who met the inclusion criteria were
studied from January 2018 to June 2019. Detailed history and physical examination were done. Liver function, renal 
function test, PT-INR, ultrasound abdomen including RRI was done. Child-Turcotte-Pugh (CTP) score and Model for End 
stage Liver Disease (MELD) score were calculated.
Results: This study included 50 subjects with liver cirrhosis. In our study, 5 of the patients (10%) developed HRS during 
the follow up period of 3 months. 3 of them showed increased RRI (>0.7), while 2 of them showed normal RRI (p < 0.002).
In those subjects with a normal creatinine during follow up, RRI was elevated in 8 % of the subjects (p < 0.002). Mean RRI 
in subjects who developed HRS was 0.77 ± 0.11. Mean RRI in patients who did not have HRS was 0.61 ± 0.04.
Interpretation and conclusion:
In our study, we noted that intrarenal Resistive Index values measured at the time of admission were significantly 
increased in cirrhotic patients who developed HRS during the 3 months follow up period.

INTRODUCTION: 
Cirrhosis of liver is the tenth leading cause of death in India 
and a major cause of disease burden among the population 

1and is associated with a poor clinical outcome.  Global 
prevalence of cirrhosis from autopsy studies ranges from 

2,3,44.5% to 9.5% of the general population.  The Hepatorenal 
syndrome (HRS) - the most serious renal complication - is 

5 associated with an extremely short survival time. An 
estimated 11% of patients with liver cirrhosis and refractory 

6 ascites develop HRS. Limitation of current diagnostic criteria 
of HRS is probably responsible for the high mortality.

Arterial vasodilation appears to be the most plausible 
explanation for circulatory dysfunction that occurs in patients 

7with cirrhosis and ascites.  Splanchnic vasodilatation, 
resulting from portal hypertension secondary to cirrhosis, 
leads to decreased systemic vascular resistance and 
subsequent reduction in effective blood volume, which is 
clinically mediated by an increased production of nitric oxide 

7(NO), carbon monoxide and/or endogenous cannabinoids.  
In  order  to  maintain  ar ter ial  pressure, systemic 
vasoconstrictor systems - such as the renin-angiotensin 
aldosterone system (RAAS), the sympathetic nervous system 
(SNS) and the non-osmotic hypersecretion of arginine 
vasopressin (AVP) - are activated leading to increased plasma 
renin activity and increased plasma norepinephrine levels. 
Development of renal sodium and solute-free water retention 
leads to  asci tes  and oedema, and hypervolemic 
hyponatremia, respectively. This results in significant renal 
vasoconstriction, which leads to a decrease in glomerular 

8filtration rate and subsequently HRS.

International Ascites Club (IAC) Diagnostic criteria for 
9hepatorenal syndrome

Ÿ Cirrhosis with ascites
Ÿ Serum Creatinine > 1.5 mg/dL
Ÿ Absence of shock
Ÿ No improvement of serum creatinine (decrease to a level 

of 1.5 mg/dL or less) after at least 2 days of diuretic 
withdrawal and volume expansion with albumin (The 
recommended dose of albumin is 1 g/kg of body weight 

per day or up to a maximum of 100 g/d)
Ÿ No current or recent exposure to nephrotoxic drugs
Ÿ Absence of parenchymal renal disease as indicated by 

proteinuria > 500 mg/d, microscopic haematuria (50 red 
blood cells per high power field) and abnormal renal 
ultrasonography)

The IAC diagnostic criteria have several shortcomings. The 
serum creatinine is lower and should be interpreted with 
caution in patients with cirrhosis due to 
(i) reduced endogenous creatinine production related to 

decreased hepatic synthesis and decreased muscle mass 
from malnutrition.

(ii) medication related increased tubular secretion of 
creatinine.

(iii) fluctuations in serum creatinine in patients with cirrhosis 
and large volume ascites (e.g., following diuretic therapy 
or paracentesis with volume expansion).

(iv) In addition, creatinine values ≤ 1.5 mg/dL may 
10overestimate the true reduction in GFR.

(v) laboratory based underestimations of serum creatinine 
11,12,13,14due to interactions with bilirubin.

Despite the widespread circulation of the IAC criteria, a 
serum creatinine cut-off of 1.5 mg/dL appears limited as it 
does not take into account its physiological fluctuations.

The AKI network (AKIN) has proposed a new definition of 
AKI for the diagnosis of HRS. AKI is defined as the abrupt loss 
of kidney function resulting in a 0.3 mg/dL increase in serum 
creatinine in 48 hours or a 50% increase over the basal value. 

The aim is to apply the AKI criteria to decompensated 
cirrhotic patients for an early identification of kidney failure. 
Serum cystatin C level is a good marker for predicting HRS 
and survival in patients with cirrhotic ascites.

Renal vasoconstriction occurs early and is a marked 
manifestation of HRS. The Doppler-derived RRI - reflects 
alterations in blood flow profile of the intrarenal arcuate or 
interlobar arteries. It reflects the relation between the decline 
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in flow velocity between the peak of systole and the end of 
diastole in renal blood vessels: 

RRI = (peak systolic velocity—end diastolic velocity)/(peak 
systolic velocity).

This index has been used for years in a variety of clinical 
settings such as the assessment of chronic renal allograft 
rejection, detection and management of renal artery stenosis, 
evaluation of progression risk in chronic kidney disease, 
differential diagnosis in acute and chronic obstructive renal 
disease, and more recently as a predictor of renal and global 
outcome in the critically ill patient. 

RRI has been proposed as one of the sensitive predictive 
15markers of development of HRS.  Normal values are reported 

between 0.60 and 0.70 with the difference between both 
kidneys mostly being less than 5%. There are not many 
studies from India on this subject. The present study is 
undertaken to measure RRI in patients with liver cirrhosis and 
assess its value for predicting subsequent renal and hepatic 
status.

METHODS:
A Cross-sectional study was conducted on patients admitted 
with liver cirrhosis in Krishnarajendra Hospital, Mysore for 
from January 2018 to June 2019. Institutional ethics committee 
clearance was obtained prior to the study. We included all 
patients above 18 years who gave written informed consent 

9 for the study. Diagnostic criteria of HRS was used. Patients 
with ongoing HRS, overt malignant disease, Spontaneous 
Bacterial Peritonitis (SBP), Gastrointestinal bleeding, 
Diabetic nephropathy, or any acute illness at the time of 
baseline visit were excluded.

At the time of the baseline visit, all patients underwent 
detailed history and physical examination, sonographic 
examination of the liver and kidneys, including Doppler 
evaluation of intrarenal resistance. Ascites was graded as 
mild, moderate or severe based on sonography. Complete 
blood counts, Liver function, PT/INR were done. Renal 
function was done on Day1(D1), Day2(D2), Day3(Day3) and 3 
months of follow up. CTP Score and MELD Scores were 
calculated.

RRI was calculated using the formula: peak systolic velocity – 
end diastolic velocity/peak systolic velocity, and the mean 
value of three measurements at each kidney would be 
considered. An RRI value 0.60 ± 0.01 (mean ± SD) was taken as 
normal with a value of 0.70 being considered the upper 

16normal.

All the data was expressed as mean± standard deviation and 
statistical analysis was performed by using SPSS and 
statistical significance was shown by Chi-square test. 
Variables were considered to be significant if p < 0.005.

RESULTS:
Table 1: Patient characteristics: 

In the study, 90% of the participants were males with most of 
the subjects of the age group 30-45 years (54%). The most 
common presenting complaint was abdominal distension 
(98%). H/o significant alcohol consumption was present in 
92% of them.

12% subjects had severe coagulopathy, 94% had 
hypoalbuminemia and 80% had severe hypoalbuminemia 
indicative of liver dysfunction and chronicity of liver disease. 
88% had moderate to severe ascites and 46% had gross 
ascites indicative of severe portal hypertension and 
hypoalbuminemia and had higher risk of developing 
hepatorenal syndrome.

14% of them had an abnormal RRI (> 0.7) in our study. All the 
subjects had higher CTP scores (B/C). 80% of them had a 
higher MELD score.

Table 2: Association of Ascites with RRI 

Ÿ All the patients who had higher RRI (14%) had higher 
degree of ascites. This was statistically not significant. (p < 
0.92).

Table 3: Association of CTP Score with RRI 

In our study, all the subjects who developed an elevated RI 
belonged to CTP Class C (14%), which was statistically not 
significant. In subjects who had elevated RI with CTP class C, 
6% of them went on to develop HRS while 4% of them with 
normal RI and Class C developed HRS (p < 0.292).

Characteristics (N = 50) Percentage (%)

Sex (M:F) 90

Age:
30-45 years
45-60years
>60years

54
32
14

H/o Alcohol consumption 92

Past H/o EVL 16

Past H/o Jaundice 66

Positive CLD stigmata 60

Most common presentation – Ascites 98

Severe anaemia (< 7gm/dl) 22

Platelet count < 1.5 lac 86

Severe hypoalbuminemia (< 2.8gm/dl) 80

INR < 1.7 (Mild increase) 58

INR 1.7 – 2.2 (Moderate increase) 30

INR > 2.2 (Marked increase) 12

Jaundice – Severe (> 3gm/dl) 52

Ascites - Mild 2

Ascites – Moderate 42

Ascites – Severe/Gross 46

CTP - A 0

CTP - B 12

CTP - C 88

MELD  > 14 80

MELD  < 14 20
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Table 4: Association of MELD Score with RRI 

10% of subjects with elevated RRI had higher MELD score 
while 4% with normal MELD score also had elevated RRI. The 
association however was statistically not significant (p < 
0.541)

Table 5: Association of Creatinine on follow-up with RRI 
and development of HRS:

Among 10% subjects who developed HRS during the follow 
up period, 4% of them had an RRI of < 0.7, while 6% of them 
had an RRI of > 0.7. This shows that those subjects with higher 
RRI had higher incidence of developing hepatorenal 
syndrome (p < 0.002). In those chronic liver disease patients 
who had a normal creatinine during follow up, RRI was 
elevated in 8% of them, necessitating the need for follow up. 
This association was statistically significant (p < 0.002).

Table 6: Association of Mean Creatine with RRI and 
development of HRS:

Mean Creatinine in subjects with an RI > 0.7 on D3 was 
rd0.757±0.34086 and on 3  month was 1.329±0.58228. This 

rdshows that mean creatinine was higher in the 3  month in 
subjects with elevated RI, which was statistically significant(p 
< 0.004).

DISCUSSION:
Diagnosis of HRS needs a high degree of suspicion in cirrhotic 
patients. Cirrhotic patients with elevated RRI have impaired 
short and long-term survival and are at risk of developing 
HRS. Doppler ultrasound measurement of intra-renal 
resistance can quantify renal blood flow and it directly co-

relates with portal pressure. Patients with decompensated 
liver disease but normal value of serum creatinine can have 
elevated RRI.

In our study, patients who developed an elevated RRI (14%), 
8% had gross ascites while 6% had moderate ascites, which 
was statistically not significant. In a study by Mohsin Aslam et 
al, patients who developed an elevated RRI, 14.2% had 
moderate ascites while 37.5% had gross ascites and this had a 
positive correlation (p < 0.02). In a study by Platt et al, elevated 
RRI was associated with higher CTP Class. 16(43%) of them in 
Class C and 4(11%) of them in Class B with elevated RRI went 
on to develop HRS (statistically highly significant, p < 0.001). 
Mohsin Aslam et al, in their study found that patients who had 
an increased RRI had a higher MELD score and this value was 
statistically significant (0.029). However, in our study CTP and 
MELD scores did not have statistically significant corelation 
with development of HRS.

In a study by Platt et al, out of 21 subjects who developed HRS, 
20 had an elevated RI as compared to 1 who had a normal RI, 
which was statistically highly significant (p < 0.001).

We noted that intrarenal RRI values measured at the time of 
admission were significantly increased in cirrhotic patients 
who developed HRS during the 3 months follow up period. 
But, 2 patients with normal RRI also developed HRS. This calls 
for careful vigilance and repeat Doppler screening at 
intervals of all end-stage chronic liver diseases as an early 
warning tool for development of HRS.

Strength of the study:
We had excluded the common precipitating factors for HRS at 
the time of patient selection (like SBP, Upper GI bleeding, etc), 
which may give a more accurate predictive role for the RRI 
measurement than when SBP and ongoing HRS were included, 
as in some studies.

Limitations of the study:
Since there is no definitive cut-off for RRI in HRS, repeat renal 
Doppler was not done in all patients with raised RRI but normal 
creatinine. This may have been indicated in patients who were 
progressing into HRS. Follow up period was only for 3 months.
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