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Abstract

Background and Objectives: Acute Kidney Injury (AKI) in cirrhosis is a major determinant of morbidity and mortality. This
study aims to assess the proportion, common predisposing factors and the mortality rate of hospitalised patients with AKI and
cirrhosis. Methods: A single-center, longitudinal study was done in our setting including 186 patients with cirrhosis
hospitalized to ward or ICU. AKI was diagnosed and staged as per ICA-AKI criteria. The proportion of AKI was calculated in
percentage. Risk factors for AKI were recorded and their association was tested by chi-square test. Patient outcome (in terms of
survived or deceased) was recorded and mortality rate was calculated in terms of percentage. Results: Proportion of AKI in
hospitalized patients with cirrhosis was 39.7% (74/186). Alcoholic liver disease, NAFLD & hepatitis-B related cirrhosis
comprised more than 90% of cirrhosis. Most patients with AKI had advanced stages of cirrhosis (CTP-A: 8, CTP-B: 18, CTP-
C: 48). The common predisposing factors for AKI in cirrhotic patients were variceal bleeding (44.6%) and SBP (29.7%), while
less common risk factors were infections like UTI (7%), LRTI (4%) and cellulitis (1.4%), along with large volume paracentesis
(9.5%), recent over diuresis (8%), nephrotoxic drug intake (2.7%) and dehydration (1.4%). Most of the patients with cirrhosis
who developed AKI had early stages of AKI. The mortality rate among hospitalized patients with cirrhosis and AKI was
32.4%. AKI was found to have a significant association with patient’s survival in cirrhosis. Conclusion: Burden of AKI, in
terms of prevalence, morbidity as well as mortality among hospitalized patients with cirrhosis is significantly high in our
region. Patients with definite predisposing factors require close monitoring for early detection of renal impairment.
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1. Background

Cirrhosis is a complex disease process that leads to sub-  to further complexity in cirrhosis contributing to worsened
stantial volume shifts and increased vasodilation resulting in ~ prognosis [1]. Pre-renal acute kidney injury (AKI) is the
significant morbidity and mortality. Renal dysfunction adds =~ commonest cause of AKI in cirrhosis and majority of them
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are responsive to volume challenge. Hepato-renal syndrome
(HRS) is the severe and volume unresponsive form of pre-
renal AKI [2]. Model of End-stage Liver Disease (MELD)
score is a strong predictor of 3-month mortality in patients
with cirrhosis and it is also used to prioritize cirrhotic
patients for orthotopic liver transplantation [3]. As cirrho-
sis advances, underlying portal hypertension causes pro-
found hemodynamic derangement, which in turn leads to
marked splanchnic vasodilation. As a result, both renin-
angiotensin-aldosterone system and the sympathetic nerv-
ous system gets activated, leading to intense renal vaso-
constriction, which then plays a major role in the patho-
genesis of ascites, hepato-renal syndrome and hypo-
natremia [4].

Table 1. Staging of AKI according to International Club of Ascites
criteria [5].

Increase in serum creatinine >0.3 mg/dl or >1.5-fold to

Stage 1 2-fold from baseline

Increase in serum creatinine > 2-fold to 3-fold from
Stage 2 .

baseline

Increase of serum creatinine >3-fold from baseline or

Increase in serum creatinine to >4 mg/dl with an acute
Stage 3

increase by >0.3 mg/dl (or) Need for renal replacement
therapy (RRT)

As per the revised definition of AKI by International Club
of Ascites (ICA) in 2015, increase in serum creatinine > 0.3
mg/dl within 48 hours or a percentage increase of serum cre-
atinine > 50% from baseline which is known, or presumed,
to have occurred within the prior 7 days defines AKI in cir-
rhosis. ICA has also revised the staging (Table 1) and treat-
ment response (Table 2) of AKI in cirrhosis [5]. In a cirrhotic
patient with renal impairment, the crucial task is to identify
the antecedent event that precipitated the renal failure. After
ruling out the possibility of intrinsic renal disease, albumin
infusion should be initiated which can improve the effective
arterial blood volume, along with its antioxidant as well as
anti-inflammatory properties [6, 7]. Inadequate response to
albumin infusion after 48 hours of infusion or advanced
stages of AKI recommends vasoconstrictors like Terlipressin,
Norepinephrine or combination of Octreotide and Midodrine

(8].
Table 2. Treatment response to AKI - International Club of Ascites
criteria (2015) [5].

No Response No regression of AKI

Partial
Response

Regression of AKI stage with reduction of
serum creatinine > 0.3 mg/dl above baseline
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No Response No regression of AKI

Complete
Response

Regression of AKI stage with reduction of se-
rum creatinine to a value within 0.3 mg/dl of
baseline

In the Indian context, various retrospective studies have
been conducted in the past, but prospective studies, especial-
ly based on ICA-AKI criteria (2015), on AKI in cirrhosis are
limited. Early identification of predisposing factors for AKI
and immediate treatment at the onset is essential for a better
prognosis in patients with cirrhosis.

2. Aim

(1) To study the proportion of AKI among hospitalized
patients with Cirrhosis.

(2) To study the predisposing factors for AKI in cirrhosis.

(3) To study the mortality rate in cirrhotic patients with
AKI during hospital stay.

3. Methodology

3.1. Design and Patients

This is an observational, prospective, longitudinal study
where 186 patients admitted to IP department (ward and ICU)
of the Department of Gastroenterology, Government Medical
College, Kozhikode with a diagnosis of chronic liver disease
over the period of one year (September 2020 - August 2021)
were randomly selected and studied. Eligible patients were
hospitalized patients aged >18 years with a known diagnosis
of cirrhosis. Exclusion criteria included patients with prior
kidney or liver transplant, patients with known underlying
chronic kidney disease, patients with obstructive uropathy
and pregnant females.

3.2. Methods

Hospitalized patients with cirrhosis were randomly select-
ed. Detailed clinical history along with clinical examination
were done at the time of admission. Major clinical events,
including decompensation, were carefully evaluated and ap-
propriate investigations were performed. Cirrhosis was
staged based on Child-Turcotte-Pugh (CTP) classification
and MELD scoring was also done. Etiology of cirrhosis was
also determined based on history, biochemical and serologi-
cal investigations along with liver biopsy (if needed). AKI in
cirrhosis was defined based on revised ICA-AKI criteria
(2015). The proportion of AKI in hospitalized cirrhotic pa-
tients was calculated. Predisposing factors for AKI in cirrho-
sis were analyzed based on clinical and laboratory evaluation
and association in patients with and without AKI were stud-
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ied. Baseline creatinine in the prior 3 months was collected.
Serum Creatinine was measured at admission & subsequent-
ly monitored, until the discharge or death of patient. During
hospitalization, peak serum creatinine value was noted and
staging of AKI was done as per ICA-AKI criteria. All hospi-
talized patients with cirrhosis and AKI were managed as per
the standard treatment guidelines, including the tackling of
predisposing factors. Mortality rates in cirrhotic patients with
and without AKI during hospital stay were measured as sec-
ondary objective.

3.3. Statistical Analysis

Statistical Analysis was done using SPSS 16 software. Pa-
tient characteristics were described with absolute frequencies,
percentages and medians. The proportion of AKI in cirrhosis
was analyzed as percentages. The risk factors for develop-
ment of AKI in cirrhosis were evaluated by univariate analy-
sis using chi-square test for categorical variables and uni-
variate logistic regression for continuous variables (like Age
& MELD score). The risk factors which were found to be
significant in univariate analysis were taken into multivariate
analysis using multiple logistic regression. Receiver Operat-
ing Characteristic (ROC) curve was used to evaluate the di-
agnostic capability of MELD score on AKI in cirrhosis. Mor-
tality rates in cirrhotic patients with AKI also was analyzed
as percentages. Comparison of MELD score among treat-
ment response groups was done using ANOVA and post-hoc
dunnet t-test.

4. Results

A total of 186 hospitalized patients with cirrhosis were en-
rolled in the study over a period of 1 year. 74 out of 186 pa-
tients with cirrhosis developed AKI, either at admission or
during hospital stay. The proportion of AKI in hospitalized
patients with cirrhosis is 39.7%. The demographic and clini-
cal characteristics of cirrhotic patients with and without AKI
are summarized in Table 3. The mean age of patients with
cirrhosis who developed AKI (57.9 #12.95 years) was higher
than those without AKI (50.65 + 13.04 years). Our study
population showed male predominance (61.3%) and among
patients who developed AKI (n=74), 45 (60.8%) were males
and 29 (39.2%) were females. Most patients who developed
AKI had advanced underlying cirrhosis, of which 48 patients
had CTP-C and 18 patients had CTP-B stages out of 74 pa-
tients. Among patients without AKI, CTP-A and CTP-B (102
out of 112 patients) stages of underlying cirrhosis predomi-
nated. The mean MELD score of cirrhotic patients was high-
er among patients with AKI (26.97 +6.93) than those with-
out AKI (15.44 +6). The utility of MELD score as a diag-
nostic marker for AKI in cirrhosis was evaluated using a
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receiver operating characteristic curve (ROC). The area un-
der the curve was 0.888, indicating it is a fairly good marker
bordering on excellent. Most common etiologies of cirrhosis
in our study population were alcoholic liver disease (77 of
186 patients; 43.2%) followed by Non-Alcoholic Fatty Liver
Disease (NAFLD) (51 of 186 patients; 37.8%), while HBV
infection (11.3%), HCV infection (4.8%), autoimmune hepa-
titis (3.7%), Budd Chiari syndrome (3.2%) andWilson’s dis-
ease (1.6%) constitutes minor population. 6.4% of patients
were cryptogenic. In patients with NAFLD related cirrhosis,
more than 50% (28 of 51 patients) developed AKI, while
none of the patients with budd chiari syndrome and autoim-
mune hepatitis developed AKI in our study.

Table 3. Demographic and clinical characteristics of the partici-
pants in the study.

Characteristics Cirrhosis with Cirrhosis without
(N=186) AKI (N=74) AKI (N=112)
Age* 57.9 (12.95) 50.65 (13.04)
Male 45 69

Female 29 43
Child-Turcotte-Pugh (CTP) score

CTP-A 8 57

CTP-B 18 45

CTP-C 48 10
ﬂﬁ‘;‘:iég::&?gﬁg)* 26.97 (6.93) 15.44 (6)
Ezenvious decompensa- 2 49

Etiology of CLD

Alcoholic liver disease 32 45

NAFLD 28 23

HBV 10 11

HCV 1 8

Wilson’s disease 0 3
Autoimmune Hepatitis 0 7

Budd chiari syndrome 1 5
Cryptogenic 2 10

*All continuous variables are expressed as mean (Standard devia-
tion)
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4.1. Analysis of Risk Factors Associated with
AKI in Cirrhotic Patients (Table 4)

Table 4. Univariate analysis of risk factors for AKI in cirrhosis.

o,
Risk factors Odds ratio X LLLTCS p value
Interval
Variceal bleeding  2.801 1.479 -5.305 0.002
SBP 2.962 1.399 — 6.268 0.005
Recent LVP 5.746 1.160 — 28.477 0.031
Hyponatremia 15.117 7.318 -31.227 <0.001
Hepatic encepha- ;3 ) 5¢ 6.279 - 27.985 <0.001

lopathy

As evaluated using univariate logistic regression, age
(Odds Ratio [OR]-1.04; 95% Confidence Interval [CI]: 1.02-
1.07) and MELD score (OR: 1.26; 95% ClI: 1.18-1.34) were
found to be significant risk factors for AKI in cirrhosis,
while gender distribution had no significant association (OR:
1.03; 95% CI: 0.57 — 1.89). CTP score of underlying cirrho-
sis also had significant association with AKI (¥? = 68.50, p <
0.001), as 82.8% of advanced CTP stage-C cirrhosis devel-
oped AKI in our study.

Common predisposing factors for AKI in cirrhosis seen in
our study were variceal bleeding (44.6%), Spontaneous Bac-
terial Peritonitis (SBP) (29.7%), recent large volume para-
centesis (LVP) (9.4%), recent history of over-diuresis (8%)
and Urinary Tract Infection (UTI) (6.7%), while Non-Steroid
Anti-Inflammatory Drugs (NSAID) use (2.7%), diarrhea
(1.3%) and other infections like lower respiratory tract infec-
tion (LRTI), cellulitis and cholecystitis comprised only mi-
nority (< 5%). AKI was found to be associated with 56.9%
of patients with variceal bleeding, 61.1% of patients with
SBP, 77.8% of recent LVP, 100% of recent over diuresis.
Hence, onset of AKI in cirrhosis was found to have signifi-
cant statistical correlation with variceal bleeding (¥? = 10.30,
p=0.002), SBP (y? = 8.47, p=0.005), recent LVP (% = 5.70,
p=0.031) and recent history of over diuresis (x> = 9.38,
p=0.003). Other infections like UTI, LRTI, cellulitis and
cholecystitis were not found to have any statistical associa-
tion with AKI in cirrhosis. Statistical significance was not
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tested with risk factors like diarrhea and recent intake of
NSAID or any other nephrotoxic drug, as sufficient partici-
pants were not available for the analysis in our study, even
though all 2 patients with NSAID intake and 1 out of 2 pa-
tients with diarrhea had associated AKI.

Among our cirrhotic patients, 75.3% of patients with hy-
ponatremia and 78.3% of patients with hepatic encephalopa-
thy had AKI. Significant statistical correlation was also es-
tablished between AKI and hyponatremia (x> = 63.42, p<
0.001) as well as hepatic encephalopathy (y?> = 54.94, p<
0.001).

After univariate analysis, the above-mentioned risk factors
were taken into multivariate analysis using multiple logistic
regression which has a very good predictive capability (Cox
& Snell R-square — 0.434). In the multivariate analysis,
MELD score (OR: 1.17; 95% CI:1.07 — 1.28) and variceal
bleeding (OR: 4.16; 95% ClI:1.49 — 11.63) were found to be
significant risk factors for AKI when adjusted for other con-
founding factors (Table 5).

Table 5. Multivariate analysis of risk factors for AKI in cirrhosis.

95% Confidence

Risk factors Odds ratio Interval p value
Age 1.001 0.966 — 1.036 0.965
MELD score 1.172 1.072 - 1.282 <0.001
Variceal bleed 4.165 1.491 - 11.635 0.006
SBP 2.383 0.80 —7.098 0.119
Recent LVP 3.636 0.504 -26.214 0.20
Hepatic En- - 49 0.605 - 5.907 0.273
cephalopathy

Hyponatremia  1.754 0.499 -6.171 0.381

The factors identified as significant in univariate analysis
were entered into a multivariate logistic regression model as
predictors of acute kidney injury.

MELD score was evaluated as diagnostic marker of AKI
using receiver operating characteristic curve (ROC). MELD
score of 20 offered approximately 80% sensitivity and speci-
ficity. AUROC of 0.888 indicated a fairly good marker bor-
dering on excellent (Figure 2).
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Effect of AKI on hospital stay

15

The duration of hospital stay in days
10
|

AKI status[0 -without AKI, 1 - with AKI]

Figure 1. Boxplot comparing duration of hospital stay in patients with and without AKI.

(0 = Patients without AKI, 1 = Patients with AKI)
*The outliers in group 0 is shown with the serial number of data points
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Figure 2. The Receiver Operating Characteristic (ROC) curve showing the predictive capability of Model for end stage liver disease
(MELD) score as a diagnostic tool for acute kidney injury in liver cirrhosis.

ated AKI. Among patients with cirrhosis and AKI, 32.4% of

4.2. Influence of AKI on Morbidity and patients succumbed to their illness. Therefore, AKI was

. . . . . found to be significantly associated with patient mortality in
Mortality of Patients with Cirrhosis our study (OR  4.89, 95% CI: 2.17-11.02).

34 patients (18.3%) succumbed to their ailment, among Out of 59 patients (31.7%) who required ICU care during
which 24 had concurrent AKI and 10 patients had no associ-  hospitalization, 83% (n=49) had AKI. 66.2% of patients with
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cirrhosis and AKI required ICU monitoring and a significant
statistical association was also seen between AKI and ICU
requirement (OR — 19.99, 95% CI: 8.91 - 44.88). The mean
duration of hospitalization in patients with cirrhosis who
developed AKI (9.92 %3.157 days) was found to be higher
than those without AKI (5.07 £1.587 days) (Figure 1).

Association between number of hospital days and MELD
score was evaluated using simple linear regression and it was
found that MELD score was a significant predictor for dura-
tion of hospital stay in our study population (R squared =
0.492).

4.3. Distribution & Influence of Peak Stages of
AKI in Patients with Cirrhosis

Out of 74 patients with AKI in cirrhosis, stage-1 AKI (43.2%
[n=32]) predominated, followed by stage-2 AKI (32.4%
[n=24]) and stage-3 AKI (24.3% [n=18]).

Among the deceased patients with AKI and cirrhosis, the
majority belonged to peak stage-3 AKI (66.7%) followed by
stage-2 AKI (29.2%). Hence, the peak AKI stage has signifi-
cant association with mortality in patients with cirrhosis and
AKI (¢* = 38.84, df = 2, p < 0.001). Advanced stages of AKI
(stages 2 & 3) also had major ICU requirement (85%) and
hence, found to have significant statistical correlation (y? =
49,55, p < 0.001).

4.4. Time of Onset of AKI in Patients with
Cirrhosis

Among patients with cirrhosis, 66.2% (n=49) had AKI at
admission or within 24 hours of admission, while 33.8%
(n=25) developed AKI later (after 24 hours of admission).

In our study, mortality in cirrhotic patients with early on-
set AKI (46.9% [n=23]) was higher when compared to pa-
tients with delayed onset AKI (4% [n=1]), which was found
to be statistically significant (OR: 0.047; 95% CI: 0.006-
0.376).

4.5. Treatment Response in Patients with
Cirrhosis

In our study, among patients with cirrhosis and AKI, 59.4%

(n=44) had complete response, 23% (n=17) had partial re-
sponse and 17.6% (n=13) had no response.

All patients with cirrhosis and AKI with no response to
treatment had 100% mortality and survival was abysmal in
partial responders also (10 of 17 patients; 58.8% mortality).
Only 1 patient (2.3%) among complete responders didn’t
survive. Treatment response in AKI had significant statistical
association with mortality of cirrhotic patients (32 = 50.75, p
< 0.001).

The mean duration of hospital stay among complete re-
sponders was 8.9 days (SD-2.5) and in partial responders
was 10.1 days (SD-3.4), while non-responders had relatively
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higher duration of hospital stay of 12.8 days (SD-3.2). Dura-
tion of hospital stay was found to significantly differ accord-
ing to responder status of patients (F=9.304; p<0.001). Post-
hoc comparison using dunnett t-test showed that duration of
hospital stay was found to significantly differ between non-
responder and complete responders (p<0.001).

4.6. Renal Replacement Therapy (RRT)

13.5% (n=10) of patients with AKI and cirrhosis, who had
stage-3 AKI, received RRT in our study and none of them
survived.

5. Discussion

A longitudinal study was conducted on randomly selected
186 hospitalized patients with cirrhosis. 74 out of 186 pa-
tients developed AKI and the proportion of AKI in hospital-
ized patients with cirrhosis in our study is 39.78%. Western
data had pointed out a significant burden of AKI in cirrhotic
patients. Earlier in 2001, retrospective study by Hampel H et
al showed that 24.7% patients developed AKI within 15 days
of hospitalization [9]. Later in 2013, a prospective study by
Fagundes C et al showed a very high proportion of 47% de-
veloping AKI (as per AKIN criteria) in hospitalized patients
with cirrhosis [10]. According to the Indian data, a retrospec-
tive study by Shetty S et al in 2018 showed that prevalence of
AKI in hospitalized patients with cirrhosis was 35% [11]. In
2020, an observational study from North India by Arora MS
et al showed 40.6% patients with AKI in patients with de-
compensated cirrhosis [12]. Another prospective observa-
tional study by Kumar U et al in 2020 showed that 28.4%
patients with cirrhosis developed AKI [13].

In our study, the mean age of patients with cirrhosis who
developed AKI (57.9 #12.95 years) was higher than those
without AKI (50.65 =+ 13.04 years) and age had significant
association with AKI in cirrhosis. In 2018, study by Shetty S
et al showed mean age of 51.7 years for patients with cirrho-
sis and AKI [11], while mean age was 48 years as per study
by Kumar U et al [13]. In another study by Arora MS et al in
2020, mean age of patients with cirrhosis with AKI (48.9
#10.11 years) was lower than those without AKI (51.72 £+
12.01 years) and age had no association with development of
AKI in cirrhosis [12].

Male population was higher in our study and predominat-
ed in both the groups of cirrhotic patients with and without
AKI. However, sex distribution had no significant associa-
tion with AKI in cirrhosis. Studies by Shetty S et al [11] and
Kumar U et al [13] also showed predominantly males with
AKI in cirrhosis.

In our study, large majority (> 80%) of patients with ad-
vanced cirrhosis (especially CTP - C) developed AKI. Hence,
the risk of AKI is proportional with severity of the underly-
ing cirrhosis. Arora MS et al also showed that CTP score was
significantly higher in patients with AKI, implying that se-
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verity of cirrhosis may contribute to development of AKI (p
< 0.05) [12]. However, Tsien C D et al showed no signifi-
cant difference in the CTP score between patients with AKI
and without AKI [14].

In our study, the mean MELD score among patients with
cirrhosis and AKI (26.97 £6.93) was higher than those with-
out AKI (15.44 +6), which agrees with the study by Arora
MS et al which also showed higher mean MELD score in
patients with cirrhosis and AKI (27.9 £8.5) than in those
without AKI (15 +6.3) [12]. MELD score (OR: 1.258; 95%
Cl:1.182-1.339) was found to be a significant risk factor for
AKI in cirrhosis and a score of 20 or more was shown to
have 80% sensitivity and specificity as a diagnostic tool for
AKI in cirrhosis (AUROC - 0.88).

Majority (> 90%) of patients in our study had alcoholic
liver disease, NAFLD or Hepatitis-B related cirrhosis and
thus, AKI predominated in these 3 etiological groups of cir-
rhosis. Unlike other etiologies, more than half the population
of NALFD developed AKI in our study. Alcoholic liver dis-
ease predominated in other studies by Shetty S et al [11],
Arora M S et al [12] and Kumar U et al [13].

5.1. Predisposing Factors for AKI in Cirrhosis

In our study, variceal bleeding (44.6%) and SBP (29.7%)
were the most common predisposing factors for AKI in cir-
rhosis, followed by large volume paracentesis (9.4%), recent
over diuresis (8%), UTI (6.7%), while other infections,
NSAID or nephrotoxic drug intake (2.7%) and diarrhea
(1.3%) comprised only minority. Among these risk factors,
variceal bleed, SBP, recent over diuresis and recent LVP
were found to have significant association with the onset of
AKI in cirrhosis. However, when these risk factors were sub-
jected to multivariate analysis using multiple logistic regres-
sion, after adjusting for confounding factors, only variceal
bleeding was found to be a significant risk factor for the de-
velopment of AKI in cirrhosis. Since sufficient participants
were not available for the analysis of risk factors like dehy-
dration and recent NSAID use, its association with AKI
could not be analysed, even though all patients with recent
NSAID use had developed AKI. Other predisposing factors
like UTI, LRTI, cellulitis and cholecystitis in cirrhosis were
not found to have any significant association with AKI in our
study.

In a study by de Carvalho G C et al in 2012, bacterial in-
fections and hypovolemia accounted for more than 70% of
cases of renal failure in patients with decompensated end
stage liver disease [15]. In another study by Tsien C D et al,
the most common precipitants for AKI were bacterial infec-
tions (including SBP), followed by large volume paracentesis
and increase in diuretic doses [14]. As per Indian data, Ku-
mar U et al showed that infections and hypovolemia were
the most common causes of AKI in cirrhosis [13], while
Arora M S et al showed SBP, sepsis and shock as common
risk factors for AKI [12]. In concordance with above studies,
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variceal bleed, SBP were risk factors having significant as-
sociation with AKI in our study. However, on the contrary,
other bacterial infections (except SBP) were not found to
have any significant association with AKI in cirrhosis.

In our study, hyponatremia and hepatic encephalopathy
were found to have significant association with AKI in cir-
rhosis. Shetty S et al showed that a large proportion (85%) of
patients with cirrhosis and AKI had hepatic encephalopathy
[11]. Kumar U et al also showed similar association between
AKI and hepatic encephalopathy in 21% of patients with
decompensated cirrhosis, which had significant association
with patient mortality [13].

5.2. Influence of AKI on Mortality and
Morbidity Indices of Cirrhosis

In our study, 32.4% (n=24) of patients with cirrhosis and
AKI succumbed to their illness and AKI was found to have
significant impact on patient’s survival. 66.2% of patients
with cirrhosis and AKI required ICU monitoring indicating
higher morbidity than those without AKI. Scott R A et al
showed that cirrhotic patients with AKI had higher mortality
rate than those without AKI (31.8% vs 3.8%, p<0.001) [16].
Indian data also agrees with relatively higher mortality rate
among cirrhotic patients with AKI as per studies by Shetty S
et al (44.7%) [11], Arora MS et al (33.8%) [12] and Kumar
U et al (26.68%) [13].

Our study also showed relatively longer mean duration of
hospital stay in cirrhotic patients with AKI (9.92 + 3.157
days) than those without AKI (5.07 % 1.587 days), which
complies with the data by Shetty S et al (mean duration: 11
days) [11] and Scott R A et al (16 days vs 6 days, p < 0.01)
[16].

5.3. Stages of AKI and Its Impact on Patients
with Cirrhosis

Early stages of AKI predominated our study, with peak
AKI stage 1 (43.2%) being more common followed by stage
2 AKI (32.4%) & stage 3 AKI (24.3%). Arora MS et al also
showed similarly higher proportion of early stages of AKI in
cirrhosis that majority (stage 1: 77.4%, stage 2: 19.7%, stage
3: 2.8%) [12]. On the contrary, relatively higher proportion
of advanced stages of AKI was depicted in studies by Shetty
S et al (stage 1: 15.4%%, stage 2: 26.8%%, stage 3: 57.7%%)
[11] and Belcher J M et al (stage 1: 26%, stage 2: 24%, stage
3: 49%) [17].

Among patients with cirrhosis and AKI, most of the de-
ceased patients belonged to stage 3 (66.7%) and stage 2
(29.2%) AKI, while only 1 patient (4.2%) had stage 1 AKI.
Peak stage of AKI in cirrhosis was found to have significant
association with mortality. 85% of patients with stage 2 and
3 AKI required ICU monitoring, depicting worse morbidity
among advanced stages of AKI in cirrhosis. This data com-
plies with studies by Shetty S et al (stage 1: 15.8% vs stage 2:
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27.3% vs stage 3: 60.6%) [11], Kumar U et al (stage 2: 45.8%

vs stage 3: 62.8%) [13] and Scott R A et al (stage 1: 13.5% vs
stage 2: 37.8% vs stage 3: 43.2%) [16].

5.4. Time of Onset of AKI in Patients with
Cirrhosis

In our study population with cirrhosis, the majority had
early onset AKI (at or within 24 hours of admission) rather
than a delayed onset of AKI (onset after 24 hours of admis-
sion) (66.2% vs 33.8%). A relatively higher mortality rate
was seen in cirrhotic patients with early onset AKI when
compared to late onset AKI (46.9% vs 4%). Kumar U et al
also showed relatively higher proportion of cirrhotic patients
with AKI at the time of admission than those with AKI dur-
ing hospital course (67.2% vs 32.8%) [13].

Hemodialysis: In our study, 13.5% of patients with cirrho-
sis and AKI, who all belonged to stage 3 AKI, underwent
RRT and none of them survived. Shetty S et al showed 17%
patients with cirrhosis and AKI required hemodialysis [11],
while in the study by Arora MS et al, 21.1% of cirrhotic pa-
tients with AKI underwent RRT [12].

5.5. Treatment Response in Patients with
Cirrhosis and AKI

Among patients with cirrhosis and AKI, more than half
made complete response (59.4%) when compared to partial
responders (23%) and non-responders (17.6%). Mortality
rate was significantly higher among non-responders (100%)
and partial responders (58.8%) when compared to those who
had complete response to treatment (2.3%). Wong F et al
also showed higher mortality rate among cirrhotic patients
without renal recovery (80%) when compared to partial
(40%) or complete recovery (15%) or patients without AKI
(7%) (p < 0.001) [18].

Treatment response significantly influenced the duration
of hospital stay in patients with cirrhosis and AKI, as mean
duration was higher in non-responder (12.8 =+ 3.2 days),
when compared to partial responders (10.1 + 3.4 days) and
complete responders (8.9 + 2.5 days) to treatment. Mean
duration of hospitalization significantly differed between
non-responders and complete responders and thus, treatment
response had significant impact on morbidity rate.

Our study is not without limitations. Firstly, the data pro-
vided in our study was based only on hospitalized patients
with cirrhosis and hence, generalizing the data to the com-
munity may not be feasible. Secondly, renal biopsy to estab-
lish the definite cause of AKI could not be done due to in-
herent risk of bleeding in our cirrhotic patients. Thirdly, long
term follow-up was not done in our study to assess long-term
mortality rate and requirement for simultaneous liver-kidney
transplantation. Finally, even though the need for liver trans-
plantation (for patients fitting the criteria) was counselled to
both patient and relatives, none of them could be taken up for
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transplantation primarily due to financial constraints.

6. Conclusion

The proportion of AKI in hospitalized patients with cir-
rhosis is significantly high (39.78%) in Northern Kerala.
Patients with advanced cirrhosis, indicated by high CTP
score, have a higher risk for AKI during hospitalization. Al-
coholic liver disease, NAFLD and Hepatitis-B related cirrho-
sis comprised the majority of cirrhosis. Variceal bleeding
and SBP are the most common risk factors for AKI in cirrho-
sis. Onset of AKI has a significant impact on the mortality
and morbidity indices of patients with cirrhosis. Early stages
of AKI are predominant among cirrhotic patients and mortal-
ity risk proportionately increases as the stage of AKI ad-
vances. Among the hospitalized cirrhotic patients with defi-
nite risk factors for AKI, close monitoring for early detection
of the onset of AKI is essential for rapid institution of treat-
ment.
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