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I. Introduction 
Around 20%-50% cirrhotic patients requiring hospitalization develops acute kidney injury (AKI) 

(1,2,3) and have bad prognosis with mortality rates up to 90% (4). Severity of liver disease is an important risk 

factor associated with AKI (5). The role of inflammation in AKI is increasingly recognized, and being reported 

as a prognostic factor (5). It has been reported that neutrophil-to-lymphocyte ratio (NLR) has a role in 

predicting acute kidney injury (6,7). It is observed that patients of liver cirrhosis have a combination of immune 

deficiency and systemic inflammation, which is referred as the cirrhosis-associated immune dysfunction 

(CAID) syndrome (8). The level of pro-inflammatory cytokines increases and induces vascular dysfunction, 

worsening renal vasoconstriction with systemic arterial vasodilation (9). Disturbance in renal arterial blood flow 

causes oxidative stress and renal tubule damage leading to acute kidney injury (9).  Diuretic-induced diuresis, 

infections, gastrointestinal blood loss, nephrotoxic drugs, large volume paracentesis without adequate volume 

expansion and NSAIDs are some of the common factors precipitating acute kidney injury in patients of cirrhosis 

(1,10,11).  

Monocyte chemotactic protein-1 (MCP-1) belonging to the CC chemokine subfamily of chemokines 

(12) is associated with severity of AKI in experimental models and is up regulated in both ischemic and 

nephrotoxic AKI (13,14,15). There is significant and progressive increase in MCP-1 over 24 hours following 

LVP (16). The MAP is inversely related to both angiotensin II and IL-6. MCP-1 levels increases in patients with 

more  MAP. MCP-1 plays a role in pathogenesis of post paracentesis circulatory dysfunction (16). 

Renal function correlates with renal resistive index (RRI) in a variety of kidney disorders (17) and it 

increases in various clinical stages of cirrhotic renal dysfunction (18). Increase in RRI predict the occurrence of 

renal dysfunction and is also correlated with the intra-abdominal pressure (19). Intra abdominal pressure 

reduces the renal perfusion pressure leading to renal failure in cirrhotic patients. (20)  

In decompensated cirrhotic patients, AKI have poor impact on survival in either the initial stage (21), 

or late stage (22,23). Multiple transient episodes of acute kidney injury have negative impact on mid-term 

survival (24). Repeated severe episodes of AKI increases risk of developing chronic kidney disease in patients 

of liver cirrhosis (25).         

 Hepatorenal syndrome (HRS) is also culmination of renal abnormality in decompensated cirrhotic. It’s 

a condition found in patients of advanced hepatic failure, chronic liver disease, and portal hypertension due to 

arterial circulation abnormalities, impaired renal function and the activity of endogenous vasoactive systems. 

Cirrhotic patients have marked peripheral vasodilation leading to reduction of  total systemic vascular resistance 

and arterial hypotension, however there is marked renal vasoconstriction, leading to decreased glomerular 

filtration rate (GFR) (26). Around 18% of Cirrhotic patients develop HRS after 1 year and 39% after 5 years. 

(27)  

 

There are two types of HRS.         

Type 1 HRS: In this there is rapid progressive decline in kidney function with increase of serum creatinine to a 

level  2.5 mg/dl, with a poor prognosis. (28)        

Type II HRS: In this there is slow progressive increase in the serum creatinine level to >1.5 mg/dl and average 

survival of 4–6 months. (29)          

In tense ascites large volume paracentesis (LVP) is optimum for the treatment. Various studies have 

been conducted comparing LVP with diuretics.  These studies have shown that infusion of albumin along with 

LVP is more effective than diuretics. LVP combined with albumin is safe and is associated with less frequency 
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of renal impairment, hyponatremia and hepatic encephalopathy as compared with diuretics. LVP is generally a 

safe procedure with extremely low risk of local complications such as bowel perforation and hemorrhage. (30) 

A scoring system combining values which can be easily calculated at the time of admission predicting 

the risk of AKI and could be a valuable tool to stratify patients for monitoring, early intervention, prevention, 

and to improve patient outcomes and care. Hence, we conducted a study with an aim, to evaluate factors 

predicting acute kidney injury in cirrhotic patients and to develop a scoring system to predict acute kidney 

injury in patients of liver cirrhosis that will help to predict risk of AKI. 

 

Material and methods 

Study population 

  This prospective cohort study was done at Government medical college and super specialty hospital a 

tertiary care of central India from March 2019 to February 2020. During this period total 461 cirrhotic patients 

were admitted in our hospital. Out of these 461 patients, 35 were having spontaneous bacterial peritonitis (SBP) 

with AKI, 20 were having only SBP, 116 were having AKI, 9 were having cellulitis with AKI, hepatocellular 

carcinoma in 15 and upper gastrointestinal bleed in 98. Hence, 293 patients were excluded from the study. A 

total of 168 patients of cirrhosis of liver with ascites between 18 to 68 years of age were enrolled in this study. 

Approval from ethics committee of the institution was taken. Ethics committee approval number was 

175EC/Pharmac/GMC/NGP. 

 

Exclusion criteria         

 Patients with sepsis as spontaneous bacterial peritonitis or any other infection, hepatocellular 

carcinoma, cardiac, pulmonary or intrinsic renal failure, acute gastrointestinal bleeding one week before the 

study, patients with chronic kidney disease, patients with history of renal replacement therapy one week before 

admission were excluded from the study.    

Detailed clinical history including demographic profile, drug history, duration of the disease, and other 

parameters were noted in proforma. The variables were analyzed including etiology of liver disease, reason for 

admission, comorbidities, various laboratory data including, hemoglobin, neutrophils, leukocytes, bilirubin, 

sodium and albumin, baseline serum creatinine, international normalized ratio (INR), mean arterial pressure 

(MAP), and renal resistive index (RRI) at admission. Cirrhosis was diagnosed by combination of biochemical, 

radiological and endoscopic findings. The severity of liver disease was assessed with the Child-Turcotte-Pugh 

(CTP) score and Model of End-stage Liver Disease [MELD] score. 

AKI was defined as an increase in serum creatinine ≥0.3 mg/dL within 48 hours or percentage increase 

in serum creatinine ≥50% from baseline. 

Renal resistive index (RRI) 4 hours fasting was required before the measurement of RRI. A convex 

transducer of 3.5-MHz was used for duplex Doppler ultrasound examination, (Hitachi EUB-8500 and Siemens 

Sonoline Elegra). RRI was measured on interlobar arteries three times in different regions of each kidney. A 

mean RI was calculated. (Mean of both kidneys).        

The RRI was calculated as: 

RRI = (peak systolic velocity – end diastolic velocity)/peak systolic velocity 

Mean arterial pressure (MAP) 

MAP = diastolic blood pressure + 1/3(systolic blood pressure - diastolic blood pressure) 

Neutrophil lymphocyte ratio (NLR) 

NLR was  calculated using neutrophil and lymphocyte counts at baseline. 

NLR = neutrophil count/lymphocyte count. 

After baseline assessment of all patients they under went large volume paracentesis (LVP) of 

approximate 5 liters. Injection human albumin (20%) was administered simultaneously at a dose of 1 U (100 

ml) for every 5 liters of ascites drained. MAP was calculated after 4 hours of LVP. The difference between post 

LVP MAP and pre LVP MAP was calculated. It was labeled as delta MAP ( MAP). Follow up was done at 

one, three and six months. Renal function test (serum creatinine and blood urea) was assessed on each follow up 

 

Statistical analyses         

 Data was coded and analyzed in statistical software STATA, Version 12.1, 2011. Descriptive statistics 

like mean, standard deviation (SD) for continuous variables and frequency /percentages for categorical variables 

were calculated. Two-independent samples t-test to compare means and Chi-square test to compare proportions 

between AKI and Non-AKI patients were performed. Receiver Operating Characteristics (ROC) Curves were 

fitted to identify best cut-offs for individual clinical parameters and also for total score on devised scoring 

system for AKI. Binary multivariable logistic regression analysis was performed to obtain statistical weights 

from estimated beta (regression) coefficients after suitable mathematical transformations. Validity measures like 

Sensitivity (%), Specificity (%), Correctly classified (%), Area Under Curve of ROC (%) has also been 
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evaluated. 

 

II. Results 
Demographic and laboratory characteristics in cases of cirrhotic 

Out of 168 cases of liver cirrhosis enrolled in study 142 (84.52%) were male and 26 (15.48%) were 

female with male to female ratio of 5.4. The mean age of cases were 44.7310.68 years and mean BMI was 

17.13 1.25 Kg/m2. Etiology of cirrhosis of liver in our study was alcohol in 112 (66.66%), others in 30 

(17.85%) and hepatitis B related in 26 (15.47%) with mean CTP score of 8.39 1.65 and mean MELD score of 

17.13 3.12. Liver function test as noted was mean total bilirubin of 3.28 2.11 mg/dl, mean serum albumin 

3.32 0.47 g/l, mean AST and ALT of 53.65 40.86 IU and 54.77  28.94 IU respectively with mean INR of 

1.65  0.18.  The various other parameters assessed were mean NLR of 5.37  1.33, mean  MAP of 5.4 1.32 

mm of Hg and mean RRI was 0.69 0.44. Baseline mean serum creatinine and urea was 0.93 0.16 mg/dl and 

22.97 4.96 mg/dl respectively. Follow up mean serum creatinine and urea at one month was 1.1  0.16 mg/dl 

and 26.19  5.70 mg/dl respectively, at three months 1.20 0.28 mg/dl and 29.26 7.39 mg/dl respectively and 

at six months 1.08 0.20 mg/dl and 29.09  4.28 mg/dl respectively. (Table 1)(enclosed) 

 

Comparison of baseline parameters in patients of liver cirrhosis developing AKI on follow-up with patients 

without AKI. 

Out of 168 cases on follow up 60 (35.71%) cases developed AKI and 108 (64.28%) cases were without 

AKI. Patients of liver cirrhosis developing AKI on follow up were having statistically raised NLR (5.85 0.27 

vs. 5.14  0.16, p=0.0140), raised  MAP (6.46  0.22 vs. 4.81 0.13, p=0.0001), high MELD score (19.1 

0.52 vs. 16.03 0.37, p=0.0001) and increased RRI (0.70 0.007 vs. 0.67 0.005, 0.0031) at baseline 

compared with patients of cirrhosis of liver who did not developed AKI on follow up. There was no difference 

in serum creatinine level between the groups. (Table 2) (enclosed) 

 

Cut-off for each clinical parameter 

The best cut-offs for the above five clinical parameters by fitting Receiver Operator Characteristics 

(ROC) Curve to our own data were used.  These cut-offs formed a basis for a devising a risk scoring system that 

will help us in predicting AKI in our study population with more accuracy and reliability. (Table 3) (enclosed) 

Cut-off of  6 mm of Hg for  MAP was considered with AUC of 0.8410, with sensitivity of 80% and 

specificity of 79.63%. Similarly cut-off of  5.7 was considered for NLR with AUC 0.6716 with sensitivity of 

70% and specificity of 68.52%. Cut-off of  0.7 was considered for RRI with AUC of 0.6951 and sensitivity of 

76.67% and specificity of 79.63%. Cut-off of  18 was considered for MELD with AUC of 0.7679 and 

sensitivity of 60% and specificity of 68.52%. Cut-off of  1 mg/dl was considered for serum creatinine with 

AUC of 0.4500 and sensitivity of 56.67%and specificity of 42.59%. (Table 3) (enclosed) 

 

Devising a Risk prediction scoring system 

Different parameters would contribute in different magnitude to the proposed risk scoring system. In 

order to find their relative importance jointly, a multivariable analysis model was fitted using the best cut-offs 

from ROC.  Unconditional Multiple Logistic Regression (MLR) analysis was performed for predicting a binary 

outcome (AKI yes/no). Beta () regression coefficients (weights) from the fitted model were transformed in to 

integer scores by doing suitable mathematical adjustment [score = mod |(beta coeffcient)| rounded to nearest 

integer]. Such transformation was necessary to make the scoring system easy for understanding and 

interpretation in actual clinical practice. Thus score for NLR 1.5 is rounded to respective weight of 2 and 

similarly for  MAP 2.98 to 3, for serum creatinine 0.17 to 1, for MELD 1.52 to 2 and for RRI 1.21 to 2. (Table 

4) (enclosed) Finally, the aggregate of the weighted scores resulted in to a 10-point scoring system. (Table 5) 

(enclosed) 

Thus, any individual patient measured on the above scoring system may get a minimum score of Zero 

(0) and a maximum score of ten (10). (Table 5) (enclosed) Again a ROC Curve was fitted to the devised 10-

point scoring system (Figure 1) to identify the best cut-off. 

ROC analysis suggested a total score ≥ 4 is an optimum cut off for a ten-point scoring using MLR 

analysis. This cut-off will enable a clinician to predict AKI in 66.67% of the suspected cases, with statistical 

significance (p=0.023). (Table 6) (enclosed) 

Therefore, a total score more than or equal to 4 on this 10-point scoring system yield a reasonably 

good sensitivity of approximatley 67%, specificity of approximatley 78%, positive lilkelihood ratio (LR+) of 3 

and 73% correctly classified,  With a predictive accuracy (AUC) = 81% the devised scoring system can be 

considered for early identification and better management of AKI cases in cirrhosis of liver. 

 



Risk Prediction-Scoring System For Acute Kidney Injury In Cirrhotic Patients…….. 

DOI: 10.9790/0853-2305103946                            www.iosrjournals.org                                                 42 | Page 

III. Discussion 
Renal failure is not uncommon complication in liver cirrhosis patients. It is associated with high 

morbidity and mortality (31). Renal dysfunction occurs in 20–50% of hospitalized patients (23). Renal failure is 

serious complication of decompensated cirrhosis, rapidly leading towards death and liver transplantation. 

Hepatorenal syndrome (HRS) is a type of acute kidney injury with frequent and life threatening complication in 

decompensated cirrhosis (32). The pathophysiology of HRS is related to renal arterial vasoconstriction with 

hypo perfusion secondary to splanchnic vasodilatation. Recent studies suggested that, circulating 

proinflammatory cytokines levels are increased in patients of cirrhosis with renal failure. The patients of liver 

cirrhosis are characterized by changes in systemic hemodynamics (33). The clinical course of this disease is 

frequently complicated by renal dysfunction. The intrarenal resistance can be measured by Doppler ultrasound, 

which measures renal blood flow and correlates with portal venous pressure (34,35). Many studies have 

observed that intrarenal RIs are significantly lower in healthy controls as compared to cirrhotic patients. 

Decompensated patients of liver cirrhosis with normal serum creatinine may have elevated RRIs 

(36,37,38,39,40).     

NLR is a recognized predictor of survival in patients of cirrhosis of liver with hepatitis B virus (HBV) 

infection, hepatocellular carcinoma and in patients awaiting transplantation (41,42,43) Moreover, some studies 

have shown that in uncomplicated cirrhosis, raised NLR could predict mortality independent of the MELD and 

CTP scores (44).       

Mean arterial pressure (MAP) is a good reliable index of circulatory dysfunction in patients with liver 

cirrhosis ascites. Low MAP has shown association with advancement of hepatorenal syndrome (45), hyper 

dynamic circulation (46,47,48), indicating that MAP may be an important factor to indicate the prognosis of 

patients with cirrhosis of liver. MAP lower than 50–60 mmHg have a positive correlation with increased 

morbidity in cases of kidney dysfunction (45).    

In our study patients of liver cirrhosis developing AKI on follow up were having statistically raised 

NLR, high  MAP, high MELD score and increased RRI at baseline compared with patients of liver cirrhosis 

who did not developed AKI on follow up.       

Salman TA et al found that patients of liver cirrhosis with deranged renal function had significant 

decrease in MAP after LVP compared to patients of liver cirrhosis with normal renal function. They also found 

that RRI decreased in both the group post LVP but it was still higher in the cases of cirrhosis of liver with 

deranged renal function (49). Lai et al found a significant decrease in the MAP during the first 2 h of LVP (50). 

Phillip et al also found a decrease in the MAP immediately, 2 h after and 6 h after LVP (51).    

Maroto et al. found that group of cirrhotic patients with renal failure have high RRIs and on follow-up 

they found RRI as a marker of poor survival in the univariate analysis (52). Similarly Platt et al. measured RRI 

in 180 patients of liver cirrhosis without kidney dysfunction and on follow-up, the HRS developed in 26% of 

patients with an initial RRI >0.7, and only 1% in those with normal RRIs (53).      

Joana Gameiro et al found that high NLR is independently associated with AKI (p=0.028) (54). 

Mohsen Abu Alfeilat et al found that mean NLR was significantly higher in AKI compare to non-AKI patients 

(55).      

MELD score is a prognostic marker in a wide variety of causes of liver cirrhosis and severity and, 

incorporating an assessment of renal function (56).        

In this study, we devised a cost effective and easily calculable risk score that predicts acute kidney 

injury in liver cirrhotic patients. This scoring system, which can be calculated easily from a biochemistry panel, 

complete hemogram, Doppler of renal artery and blood pressure reported at the time of hospital admission, 

reliably predicting AKI in cirrhotic patients with AUROC of 0.8136.    

The variables used, as risk factors for the prediction of AKI in this score are serum creatinine, RRI, 

NLR, MELD score and  MAP which are already proved predictors of kidney dysfunction in previous 

literature. The scoring system has minimum zero and maximum 10 score with cut-off of ≥ 4. Thus a total score 

more than or equal to 4 on this 10-point scoring system had reasonably good sensitivity of approximately 67%, 

specificity of approximately 78%, positive likelihood ratio (LR+) of 3 and 73% correctly classified, with a 

predictive accuracy (AUC) of 81%.     

Some limitations were noted.  It was a single-center prospective cohort study that limits the 

generalization of our results, hence a multicenter large cohort studies are further required. Finally, we used 

serum creatinine at admission as a baseline, which tends to underestimate the incidence of AKI, but the other 

serum creatinine based glomerular filtration rate (GFR) formulas like the modification of diet in renal disease 

(MDRD) in cirrhosis of liver overestimates GFR.      

However, our study suggests, to our knowledge, that this may be the first risk prediction scoring 

system for predicting AKI in patients of liver cirrhosis that includes inflammation, liver, renal and vascular 

system function assessment. The predictive value of our AUROC curve is strong, suggesting the potential 

confirmation of this scoring system in other population. 
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IV. Conclusion 
Development of AKI in Patients of cirrhosis can be predicted by a scoring system which combines 

neutrophil-lymphocyte ratio, mean arterial pressure, MELD score and increased renal resistive index at 

baseline. The development of acute kidney injury in cirrhosis of liver is multi-factorial. The advantage of this 

novel scoring system is that it involves dynamic and static parameter like markers of inflammation, liver, renal 

and vascular system. It is simple, cost effective, reproducible, reliable and easily calculated scoring system. 

However large scale studies are required to know the long term prognosis and further validation. 
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Figure 1 ROC graph for total score 
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Table 1 Demographic details, clinical and laboratory parameters of patients. 
Variables Cases (n=168) Mean  SD 

Age (years) 44.7310.68 

Male: Female 5.4:1 

BMI (kg/m2) 17.13 1.25 

Etiology Alcohol =112 (66.66%) 

Others =30 (17.85%) 

HBV= 26 (15.47%) 

Child-Turcotte-Pugh (CTP) score 8.39 1.65 

MELD score 17.13 3.12 

Hemoglobin (g/L) 9.62  0.97 

NLR 5.37  1.33 

Total Bilirubin (mg/dl) 3.28 2.11 

Serum Albumin (g/dL) 3.32 0.47 
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AST (U/L) 53.65 40.86 

ALT (U/L) 54.77  28.94 

INR 1.65  0.18 

Delta () MAP (mm of Hg) (baseline) 5.4 1.32 

RRI  (baseline) 0.69 0.44 

Urea (mg/dl) (baseline) 22.97 4.96 

Creatinine (mg/dl) (baseline) 0.93 0.16 

Urea (mg/dl) (first month) 26.19  5.70 

Creatinine (mg/dl) (first month) 1.1  0.16 

Urea (mg/dl) (third month) 29.26  7.39 

Creatinine (mg/dl) (third month) 1.20 0.28 

Urea (mg/dl) (sixth month) 29.09  4.28 

Creatinine (mg/dl) (sixth month) 1.08 0.20 

BMI = body mass index, MELD = Model of End-stage Liver Disease, NLR= Neutrophil lymphocyte ratio, 

AST= aspartate transaminase, ALT= alanine aminotransferase, INR= International normalized ratio, RRI= 

Renal resistive index, MAP= Mean arterial pressure, SD= standard deviation 

 

Table 2 Table of comparison of baseline parameters between patients developing AKI on follow up with those 

patients not developing AKI. 
Parameters Non AKI (n=108) 

Mean  SD 

With AKI (60) 

Mean  SD 

P value 

NLR 5.14  0.16 5.85 0.27 0.0140 

 MAP (mm of Hg) 4.81 0.13 6.46 0.22 0.0001 

MELD score 16.03 0.37 19.1 0.52 0.0001 

RRI 0.67 0.005 0.70 0.007 0.0031 

Serum creatinine (mg/dl) 0.94 0.02 0.92 0.31 0.5562 

MELD = Model of End-stage Liver Disease, NLR= Neutrophil lymphocyte ratio, RRI= Renal resistive index,  

MAP= Delta Mean arterial pressure, AKI= acute kidney injury. SD= standard deviation 

 

Table 3 Table of best cut- off for each clinical parameter was identified using ROC curve 
Parameters Sensitivity Specificity Percentage 

correctly 

classified 

Likelihood 
ratio + (LR+) 

Likelihood 
ratio–    (LR-) 

Area under 
curve (AUC) 

 MAP  6 mm of Hg 80% 79.63% 79.76% 3.92 0.25 0.8410 

NLR  5.7 70% 68.52% 69.05% 2.22 0.43 0.6716 

RRI  0.7 76.67% 79.63% 78.57% 3.76 0.29 0.6951 

MELD  18 60% 68.52% 65.48% 1.90 0.58 0.7679 

Serum creatinine  1 mg/dl 56.67% 42.59% 47.62% 0.98 1.01 0.4500 

MELD = Model of End-stage Liver Disease, NLR= Neutrophil lymphocyte ratio, RRI= Renal resistive index,  

MAP= Delta Mean arterial pressure, AKI= acute kidney injury. 

 

Table 4 Binary multiple logistic regression (MLR) model to predict AKI using best cut-offs of 5 variables 
Parameters  Coefficient Odd ratio 95% confidence 

interval 
P value Respective 

weight 

NLR -1.582 0.20 0.03-1.15 0.073 2 

 MAP 2.98 19.84 4.27-92.17 0.000 3 

Serum creatinine -0.17 0.84 0.19-3.61 0.817 1 

MELD 1.52 4.60 0.97-21.66 0.053 2 

RRI 1.21 3.38 0.84-13.58 0.086 2 

MELD = Model of End-stage Liver Disease, NLR= Neutrophil lymphocyte ratio, RRI= Renal resistive index,  

MAP= Delta Mean arterial pressure, AKI= acute kidney injury. 

 

Table 5  Risk prediction score  system 
Parameters Score Min Max 

 MAP  6 mm of Hg 3 0 3 

NLR  5.7 2 0 2 

RRI  0.7 2 0 2 

MELD  18 2 0 2 

Serum creatinine  1 mg/dl 1 0 1 

Total score 10 0 10 

MELD = Model of End-stage Liver Disease, NLR= Neutrophil lymphocyte ratio, RRI= Renal resistive index,  

MAP= Delta Mean arterial pressure, AKI= acute kidney injury. 
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Table 6 Frequency distribution of AKI and Non AKI subjects by total scores 
Total score Non AKI  (n=108) AKI  (n=60) 

< 4 64 (59.26%) 20 (33.33%) 

≥ 4 44 (40.74%) 40 (66.67%) 

P =0.023 

AKI= Acute kidney injury 
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