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Abstract

Aim of the study: A subgroup of cirrhotic patients undergoing therapeutic paracentesis develop acute kidney
injury (AKI) despite adequate colloidal replacement.

The aim of the study was to determine the prevalence and predictors of paracentesis-induced AKI in cirrhotic
patients with normal baseline renal parameters and adequate colloidal replacement.

Material and methods: This prospective, observational analytical study was undertaken between April 2015 and
April 2017. All patients undergoing therapeutic paracentesis were enrolled as per inclusion and exclusion criteria.
Based on Acute Kidney Injury Network (AKIN) criteria for AKI, comparative analysis was performed between those
developing and not developing AKI for demography, renal parameters, frequency and quantity of paracentesis
per session. Univariate and multivariate regression analyses were performed to determine the predictors of AKI.

Results: Altogether, 177 patients underwent 859 therapeutic paracenteses. Ninety-four paracentesis sessions
resulted in an AKI (10.9%). The median number of paracenteses was 10 (range 1-25) and the median volume
of fluid drained per paracentesis was 6 | (1-20 I). In univariate analysis, younger age (p < 0.02), higher MELD
(Model For End-Stage Liver Disease) score (p < 0.0001), CTP (Child-Turcotte-Pugh) class C (p < 0.017) and prior
history of renal dysfunction (p < 0.0001) were significantly associated with AKI. For each liter of fluid drained,
the risk of AKI increased by 1.24 times. Frequency of paracentesis did not influence the AKI. In multivariate
logistic regression, the significant predictors of AKI were past renal dysfunction, a higher MELD and volume of
fluid tapped at paracentesis.

Conclusions: Post-paracentesis AKI occurs in 10.9% of cases, despite adequate colloid replacement. For each
11 of fluid drained during paracentesis, the risk of AKI increased by 1.24 times.
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Introduction

Renal dysfunction is a common complication of
liver cirrhosis and is a consequence of abnormal he-
modynamics of systemic and splanchnic arterial va-
sodilatation and extra-hepatic vasoconstriction [1].
Acute kidney injury (AKI), predominantly prerenal
and acute tubular necrosis, accounts for the major-
ity of renal dysfunction [2]. Large volume paracen-
tesis (LVP) is an important cause of AKI in cirrhosis
with decompensation [3], and is due to an accelerated
pathological hemodynamic change secondary to an

intravascular contraction and decrease in renal perfu-
sion [4].

Patients with massive ascites are initially managed
by dietary restrictions (e.g., sodium and fluid restric-
tion), abstinence from alcohol, and adjustment of dose
of diuretics. In the absence of response to these mea-
sures, therapeutic paracentesis is recommended [5].
This is done to provide symptomatic relief while pre-
venting complications such as paracentesis-induced
circulatory dysfunction (PICD). This was first de-
scribed in 1988 by Gines et al. [6]. It follows large-vol-
ume paracentesis and results in rapid re-accumulation
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of ascites, hyponatremia, renal dysfunction (often
hepatorenal syndrome), and poor survival [7]. Diag-
nosis of PICD involves measurement of plasma renin,
which increases by more than 50% of baseline plasma
renin activity to > 4 ng/ml/h on day 5 or 6 after para-
centesis [7]. Based on this background, we decided to
use acute kidney injury as a simple surrogate marker
for post-paracentesis complication (a component of
PICD). AKI in cirrhosis is usually multifactorial and
carries a grim prognosis [8].

The present study prospectively aimed to deter-
mine the prevalence of AKI and risk factors contrib-
uting to AKI following large volume paracentesis in
patients with decompensated liver cirrhosis.

Material and methods

This prospective, observational analytical study was
undertaken at Gleneagles Global Health City, Chennai
between April 2015 and April 2017. The study cohort
included cirrhosis patients with decompensation, reg-
istered in the liver clinic and requiring one time or
repeated paracentesis for relief of symptoms such as
breathlessness or abdominal discomfort secondary to
tense ascites. The selection of cases was consecutive
and independent of CTP (Child-Turcotte-Pugh) and
MELD (Model For End-Stage Liver Disease) score
with a strict protocol for normal renal parameters at
registration.

Adult cirrhotic patients aged 18 to 65 years, belong-
ing to either gender and requiring paracentesis were
included for the study. It was obligatory for inclusion
that patients undergoing paracentesis had at baseline
a normal urine output of > 500 ml/day and a serum
creatinine of < 1.5 mg/dl.

The diagnosis of decompensated liver cirrhosis
was based on clinical presentation and radiological
evidence of a shrunken liver with dilated portal vein,
presence of ascites and collaterals. Patient details in-
cluded age, gender, co-morbidity (diabetes mellitus,
hypertension, coronary artery disease, dyslipidemia
and hypothyroidism), etiology (alcohol, virus-related,
cryptogenic, others), cirrhosis-related complications
(past or present), CTP and MELD scores. All patients
had baseline liver function tests, serum electrolytes
and coagulation profile that included prothrombin
time and INR.

Therapeutic paracentesis protocol

Patients and their attendants were explained about
the need for paracentesis and procedure-related com-
plications. After obtaining written informed consent,

the procedure was performed under ultrasound guid-
ance following the standard hospital protocol with
close monitoring of pulse, blood pressure and respi-
ratory rate. Fluid was removed at variable rates but
not exceeding > 5 | per hour and the volume tapped
was noted. 20% human albumin (20 g for every 2.5 1
of fluid drained) was replaced at the rate of 25 ml per
hour. Paracentesis was terminated if the patient devel-
oped hemodynamic instability or when the fluid drain
stopped.

All patients had a baseline ascitic fluid analysis and
included protein, albumin cell count, culture and cy-
tology. In those requiring repeated sessions of para-
centesis, cell count alone was repeated during each ses-
sion. Patients with culture-negative neutrocytic ascites
or culture-positive spontaneous bacterial peritonitis
(SBP) were excluded from the final analysis.

Pre- and post-paracentesis (48 hours) serum creat-
inine, serum sodium and urine output were checked.

Patients on nephrotoxic drugs, spontaneous bacte-
rial peritonitis, grade IIT or IV hepatic encephalopathy,
sepsis, non-cirrhotic or post-transplant ascites, hemo-
dynamically unstable (due to gastrointestinal bleed or
diarrhea) and severe cardiorespiratory distress were
excluded.

Definitions
Large volume paracentesis

Removal of more than 51 of ascitic fluid in one ses-
sion [9].

Acute kidney injury

This is defined as an abrupt loss of kidney func-
tion that develops within 7 days [10]. Based on Acute
Kidney Injury Network (AKIN) criteria, diagnosis of
AKI is based on a percentage rise in serum creatinine
> 50% from the baseline value or rise in absolute se-
rum creatinine value by > 0.3 mg/dl in 48 hours. Only
these two criteria were used to define post-paracente-
sis AKI in our cohort. Urine output measurement was
not considered as a criterion in the present study as the
majority of the paracenteses were done as a day care
procedure and urine output was not monitored for
48 hours after paracentesis.

Statistical analysis

Occurrence of AKI was the primary outcome vari-
able. Frequency of paracentesis and the volume of
fluid drained during each paracentesis were primary
explanatory variables. Demographic parameters such
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as age and gender, and clinical parameters such as CTP
grading, etiology, and co-morbidities were considered
as other explanatory variables.

Quantitative variables were compared across AKI
categories by mean values. The independent samples
t-test was used to assess statistical significance. The
chi square test was used to test statistical significance.
Univariate binary logistic regression analysis was per-
formed to test the association between the explana-
tory variables and outcome variables. Variables with
statistical significance in univariate analysis were used
to compute multivariate regression analysis. The util-
ity of volume of drained fluid in predicting AKI was
assessed by receiver operating curve (ROC) analysis
(Fig. 1). A p value < 0.05 was considered statistically
significant. IBM SPSS version 22 (IBM Corp Armonk,
NY; 2013) was used for statistical analysis.

The study was performed with ethical standards
which conform with the Helsinki Declaration of 1975,
as revised in 2000 and 2008, confirming human and
animal rights.

Results

Altogether, 177 patients underwent 859 therapeu-
tic paracenteses. Ninety-four paracentesis sessions re-
sulted in an AKI in 31 patients (10.9%). Table 1 shows
the baseline characteristics of the study cohort. The
majority (87%) of patients were men and belonged to
CTP C. Diabetes (p < 0.0001) and hypertension were
the two most common co-morbid entities. The most
common causes of cirrhosis were cryptogenic cirrho-
sis/non-alcoholic steatohepatitis and alcohol. Three
fourths of the patients belonged to CTP class C with
a median MELD score of 20 (range 8-40). Hepatic en-
cephalopathy was the most common complication,
followed by SBP.

Patient-related factors predisposing to AKI

Baseline characteristics of 31 patients who devel-
oped AKI were compared with 146 patients who did
not develop AKI. Patients who developed AKI had
a significant renal dysfunction in the past, were sig-
nificantly young, belonging to CTP C and with a high
MELD score (median MELD 24 vs. 19) (Table 2).

Paracentesis-related factors predisposing to AKI

The median number of paracenteses per patient
was 10 (range 1-25) and volume of fluid drained per
paracentesis was 6 | (range 1-20 1). Thirty (3.5%) and
7 (0.8%) of the 859 procedures resulted in hypotension
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Fig. 1. Receiver operating curve analysis showing good predictive validity of
volume of fluid drained in predicting acute kidney injury (AKI)

Table 1. Baseline demography of the cohort (177 patients)

Age Years (median) 55 (21-84)
Gender Male 154 (87%)
Female 23 (13%)
Comorbid conditions Diabetes mellitus 78 (44%)
Hypertension 29 (16%)

Coronary artery disease 11 (6%)

Hypothyroidism 9 (5%)
Combinations of above 36 (20%)

Others 5 (2%)
Etiology of cirrhosis Alcohol 65 (36%)
NASH/cryptogenic 83 (46%)
HBV, HCV 26 (14%)

Others 3(1.6%)
CTP class B 40 (22%)
C 137 (77%)

MELD score (median, range) 20 (8-40)
Cirrhosis-related SBP 98 (55%)
complications Hepatic encephalopathy 135 (76%)
Gl bleeding 84 (47%)
Sepsis/infection 83 (47%)
Renal dysfunction 68 (38%)

HCC 3 (1.6%)

(TP - Child-Turcotte-Pugh, MELD - Model For End-Stage Liver Disease,
NASH - nonalcoholic steatohepatitis, HBV ~ hepatitis B virus, HCV - hepatitis C virus,
SBP ~ spontaneous bacterial peritonitis, HCC - hepatocellular carcinoma
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Table 2. Risk factors predisposing to acute kidney injury (AKI)

Parameters AKlgroup  Non-AKl group  p value
(n=31) (n = 146)
Age in years 50 (21-77) 55 (26-84) 0.02
Gender 26:5 128:18 056
(83%:17%)  (91%:9%)
Co morbid states
Diabetes mellitus 12 (38%) 66 (47%)
Hypertension 5(16%) 24 (17%)
Coronary artery disease 1(3.2%) 10 (7%) 0.67
Hypothyroidism 3 (9.6%) 6 (4.2%)
Others 0 (0%) 5 (3.5%)
Combined 6 (19%) 30 (21%)
Etiology
Alcohol 15 (48%) 50 (35%)
NASH/cryptogenic 11 (35%) 72 (51%) 038
Hepatotropic viruses 4 (12%) 22 (15%)
Others 1(3.2%) 2 (1.4%)
CTP class
B 2 (6.4%) 38 (27%)
C 2903%  108(7%) 00V
MELD
MELD score 24 (14-40) 19 (8-40) < 0.0001
Baseline serum albumin (mean and SD)
Serum albumin (gm/dl) ~ 2.78 (0.45) 2.73(0.38) 0.52
Cirrhosis-related complications
SBP 20 (64%) 78 (55%) 0.35
HE 26 (83%) 109 (77%) 0.46
Gl bleeding 19 (61%) 65 (46%) 0.13
Sepsis 16 (51%) 67 (47%) 0.68
Renal dysfunction 22 (70%) 46 (32%) 0.0001
HCC 0 (0%) 3(2.1%) Not
applicable

CTP - Child-Turcotte-Pugh, MELD ~ Model For End-Stage Liver Disease,
NASH - nonalcoholic steatohepatitis, SBP - spontaneous bacterial peritonitis,
HE - hepatic encephalopathy, GI - gastrointestinal, HCC - hepatocellular carcinoma

Table 3. Volume of paracentesis and risk for acute kidney injury (AKI)

and respiratory distress respectively. In univariate lo-
gistic regression, the risk of AKI was highest, that is
1.32 (p < 0.004), when the drained fluid was 8 1 or more
(Table 3).

The utility of the amount of ascitic fluid tapped in de-
termining the risk of AKI was assessed using AUROC.
This was calculated to be 0.702 (95% CI: 0.649-0.755,
p < 0.001), indicating good predictive validity (Fig. 1).
In multivariate logistic regression, prior renal dysfunc-
tion (p < 0.001), paracentesis that exceeded 8 | and more
(p <0.001) and high MELD score (p < 0.0001) were sig-
nificant predictors of AKIL.

Discussion

Ascites and renal dysfunction are terminal events
of circulatory dysfunction, characterized by marked
splanchnic arterial vasodilatation and reduced effec-
tive arterial blood volume. The most common cause
of renal dysfunction in cirrhosis is pre-renal injury,
post-paracentesis being an important cause [11]. Large
volume paracentesis exceeding 5 1 causes intravascu-
lar volume depletion and pre-renal dysfunction. This
is part of PICD and is also referred to as “postpara-
centesis syndrome”. This occurs in up to 80% of cases
when a large-volume paracentesis is performed with-
out additional therapeutic replacement. The incidence
is reduced to 15% to 35% when volume expanders are
used [12]. Supplementation with colloidal form of hu-
man albumin circumvents this complication to some
extent and today is considered as the standard of care
in management of these patients [13, 14]. Apart from
maintenance of effective arterial blood volume and
lowering rates of renal impairment after LVP, albumin
has several other benefits. It maintains serum sodium,
decreases activation of the renin-angiotensin-aldoste-
rone system [15] and reduces overall morbidity and
mortality [16].

However, a subgroup of cirrhotic patients with nor-
mal baseline renal function do develop AKI despite
close monitoring and adequate colloid replacement.
The present study has attempted to address some of
these concerns.

Post-paracentesis AKI in our series occurred in
94 paracenteses in 31 patients (10.9%). A significant
number of patients were young with a past history of
renal dysfunction, and with more severe liver disease,
as shown by advanced CTP and MELD scores. Our ob-
servations were similar to those of Nasr et al., who also
reported PICD in the young [17]. The reason for high-
er incidence of PICD in younger individuals is unclear.
One hypothesis is that there is a likelihood of blunting
of the vasoactive response with advancing age [17].

Fluid drained Risk ratio 95% Cl p value

<51 0.69 0.38-1.25 0.22

581 0.75 0.55-1.02 0.07

> 8l 1.32 1.09-1.61 0.004
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AKI in the post-paracentesis state has been studied
rarely. In a retrospective study of 935 paracentesis pro-
cedures from multiple centers in the United States, it
was noted that the prevalence of AKI was 1.17% [18].
This is much lower than in our study. This may be re-
lated to lower MELD and a lower amount of ascitic flu-
id tapped on each occasion.

The most important predictor of adverse outcome
after paracentesis in various studies has been MELD
[18]. Our observations were also similar. Patients with
ascites requiring therapeutic paracentesis, likely hepa-
torenal syndrome type 2, have greater impairment of
circulatory function. This is demonstrated by lower
arterial pressure and higher activation of vasocon-
strictor factors. Moreover, the median survival in these
patients with MELD > 20 is significantly lower [19].
Previous renal dysfunction, paracentesis exceeding
81 (p < 0.001) and not the frequency of paracentesis
were important predictors of AKI (p < 0.001). Tan
et al. reported that paracentesis of less than 8 | of fluid
at a single session at a slow rate with replacement of
6-8 g of albumin per liter of fluid removed may prevent
PICD-related renal dysfunction [20].

Limitations of the study

We did not exclude patients with diabetes or those
on P-blockers; hence the prevalence of AKI in our
cohort may be higher than that reported in world lit-
erature. Urine output measurement was not done as
paracentesis was done as a day care procedure. Also
misuse or a high dose of diuretics and failure to mon-
itor AKI in between paracenteses are other drawbacks
of this study. However, this is the real world scenario
in decompensated cirrhotic patients who undergo pe-
riodic LVP.

Strengths of the study

We enrolled patients with normal baseline creati-
nine. We excluded patients with ongoing SBP, active
gastrointestinal bleeding, diarrhea, hepatic encepha-
lopathy (grade III-IV) and sepsis.
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