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ABSTRACT

Cirrhotic patients with manifestations of the end-stage liver disease have a high risk for developing renal dysfunction even with minor insults. The
development of renal dysfunction increases the morbidity and mortality of these patients. Causes of renal dysfunction in cirrhotics can be due
to hepatorenal syndrome (HRS) or acute kidney injury (AKI) resulting from prerenal, renal, and postrenal causes. Development of pretransplant
renal dysfunction has been shown to affect post-liver transplantation outcomes. Early detection and aggressive strategies for the prevention
of further progression of renal dysfunction seem to decrease the morbidity and improve survival in this group of patients. This article aims
to outline the pathogenesis of renal dysfunction in cirrhosis, etiological factors, and evaluation of renal dysfunction, strategies for aggressive
therapy for renal dysfunction, the indications of renal replacement therapy (RRT) in this group of patients, and the various modalities of RRT
with their merits and demerits. A thorough understanding of the pathogenesis, early detection, and aggressive corrective measures for AKI can
prevent further progression. In conclusion, a good knowledge of treatment modalities available for renal dysfunction in cirrhosis and institution
of timely interventions can significantly improve survival in this group of patients.

Keywords: Acute kidney injury in cirrhosis, Dialysis in cirrhosis, Hepatorenal syndrome, Renal dysfunction in cirrhosis, Renal replacement therapy
in cirrhosis, Volume overload in cirrhosis.

Key messages: Development of renal dysfunction in cirrhotics increases the morbidity and mortality of these patients and results in poor
outcomes after liver transplantation. Early detection and aggressive strategies for the prevention of further progression of renal dysfunction

seem to decrease the morbidity and improve survival in this group of patients.
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INTRODUCTION

Renal dysfunction significantly increases the morbidity and
mortality of cirrhotic patients with the end-stage liver disease
(ESLD) awaiting liver transplantation.' Renal dysfunction in the
preoperative period has shown to adversely affect outcomes after
liver transplantation.?* Introduction of Model for End-stage Liver
Disease (MELD) score for organ allocation in 2002 has decreased
the waiting time of these patients prior to liver transplantation
resulting in improved outcomes although some studies have
shown varied results.””” Development of renal dysfunction in
cirrhotics has huge clinical and financial implications in terms of
prolonged requirement for intensive care and organ support,
including mechanical ventilation and renal replacement therapy
(RRT). Early identification of renal dysfunction can help to prevent
further deterioration and requirement of RRT. However, this may
be a challenge as an ideal test for defining renal impairment in
cirrhotic patients is still not clearly defined.

In this review, we discuss the pathogenesis and enhanced
susceptibility for renal dysfunction in cirrhosis, etiology of
renal dysfunction in this subset of patients, and evaluation and
management of renal dysfunction in the critical care setting.

INCREASED SUSCEPTIBILITY TO RENAL
DysruncTioN: ALTERED CARDIOVASCULAR
Dynamics IN CIRRHOSIS

Patients with ESLD are susceptible to renal dysfunction due to
disturbances in the circulatory system. In portal hypertension,
extensive splanchnic vasodilation occurs because of excessive
release and impaired clearance of vasodilatory mediators like
nitric oxide, carbon monoxide, and cannabinoids resulting
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in decreased systemic vascular resistance.® This circulatory
dysfunction is compensated in the early stages of cirrhosis by the
increased cardiac output, thus preserving renal perfusion. But as
the disease advances, the increased cardiac output is no longer
capable of maintaining other organ perfusion, thus activating
endogenous vasoconstrictor systems, namely, renin-angiotensin
aldosterone system and the sympathetic nervous system. This has
important consequences on renal function by causing intrarenal
vasoconstriction and hypoperfusion. Other important effects on
renal function include solute-free water retention resulting in
ascites and edema.’ 3 Therefore, these patients are very prone to
develop renal dysfunction with even minor insults.
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CAuses oF RENAL DysruncTioN IN CIRRHOSIS

Renal dysfunction in cirrhotics can be broadly classified into two
main groups: (a) hepatorenal syndrome (HRS) and (b) acute kidney
injury (AKI) due to various factors.

HRS Classification and Diagnostic Criteria for HRS

HRS is a diagnosis of exclusion after all prerenal, renal, and postrenal
causes of AKl are ruled out. The incidence of HRS in decompensated
cirrhotics is around 18% in the first year, which can increase up to
39% over a 5-year period.™

HRS is classified into 2 types. Type 1 HRS is characterized by a
rapid and abrupt elevation in serum creatinine, to a value more than
50% from the baseline, reaching a level higher than 2.5 mg/dL in less
than two weeks’ duration, and is associated with a rapid progression
and a median survival of less than a month, if left untreated. In
Type 2 HRS, there is a gradual elevation of serum creatinine levels
in the range of 1.2-2.5 mg/dL and more frequently associated with
diuretic resistant and/or refractory ascites with relatively stable
liver function. Type 2 HRS patients may eventually develop Type
1 HRS gradually, or it may be precipitated by a trigger event such
as spontaneous bacterial peritonitis (SBP). Type 1 HRS has poorer
prognosis in comparison with the Type 2.°

Munoz described 2 additional types of HRS. In Type 3
HRS, decompensated cirrhotic patients with long-standing
diabetic nephropathy, obstructive renal disease, or chronic
glomerulonephritis can develop HRS from a precipitating event
or worsening liver failure."” Conditions such as immune-mediated
glomerulonephritis or other intrinsic renal disease are evident on
renal biopsy in at least 42% of cirrhotics.'® Type 4 HRS is described
in acute liver failure.

Major diagnostic criteria for HRS as proposed by the
International Ascites Club include (a) serum creatinine level
>1.5mg/dL; (b) noimprovement in serum creatinine level (decrease
to 1.5 mg/dL or less) after at least 2 days of diuretic withdrawal and
volume expansion with albumin given at a dose of 1 g/kg per day
up to a maximum of 100 g; absence of parenchymal kidney disease
as indicated by proteinuria >500 mg/d and/or microhematuria
>50 red blood cells per high power field; exclusion of urinary tract
outflow disturbances (normal renal ultrasonography); no current
or recent treatment with nephrotoxic drugs or vasodilators; and
absence of septic or hemorrhagic shock."” Less important and not
regularly occurring diagnostic features of HRS (minor criteria) are
urine volume < 400 mL/d, low sodium concentration in the serum
(<130 mEq/L) and urine (<10 mEq/L), and urine osmolarity greater
than serum osmolarity.”'® These criteria help to differentiate HRS
from acute tubular necrosis (ATN).

Alimiting feature in the definition proposed by the International
Ascites Club is the renal response to volume expansion. Both
ATN and HRS do not respond to volume expansion although
some consistent gradual improvement in glomerular filtration
rate (GFR) is noted in patients with Type 1 HRS. Good response to
vasoconstrictors seen in HRS can be best used to differentiate it
from ATN.?

AKI: Definition and Classification

AKl was defined and classified by RIFLE initially, and subsequently,
AKIN criterion was introduced. Recently, KDIGO criterion for AKI
was formulated and is more sensitive and better indicator for risk
stratification in critically ill cirrhotics.?° Table 1 describes the
different criteria used for defining AKI.
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Table 1: Different classification systems of AKI

Definition
Criteria of AKI Stage  Serum creatinine  Urine output
RIFLE Increasein Risk >1.5 times Less than 0.5 mL/
SCr > 50% baseline kg/h for more
within than 6 hours
7 days Injury >2times baseline Less than 0.5 mL/
kg/h for more
than 12 hours
Failure >3 times baseline Lessthan 0.3 mL/
or 0.5 mg/dL kg/h for 24 hours
increase or Cr>  oranuriafor 12
4.0 mg/dL hours
AKIN Increase 1 Increase of 0.3 Less than 0.5 mL/
in SCr > mg/dLor 1.5-1.9  kg/h for more
0.3 mg/dL times baseline than 6 hours
or>50% 2 >2.0-29times  Lessthan 0.5 mL/
within 48 baseline kg/h for more
hours than 12 hours
3 >3 times baseline Less than 0.3 mL/
or 0.5 mg/dL kg/h for 24 hours
increase or Cr or anuria for 12
> 4.0 mg/dL or hours
initiation of RRT
KDIGO Increase 1 Increase of 0.3 Less than 0.5 mL/
in SCr > mg/dLor 1.5-1.9  kg/h for more
0.3 mg/dL times baseline than 6 hours
within48 > >2.0-29times  Lessthan 0.5 mL/
hours or baseline kg/h for more
50% within than 12 hours
7 days 3 >3 times baseli
>3 times baseline Less than 0.3 mL/
orCr>4.0mg/  kg/h for 24 hours
dL or Initiation or anuria for 12
of RRT hours

Common causes of AKl in cirrhotics include hypovolemia
and SBP.2 Hypovolemia can result from gastrointestinal causes
like upper gastrointestinal (UGI) bleeding or diarrheal illnesses or
from renal losses due to overzealous administration of diuretics.
SBP is a frequently encountered etiological factor for AKI; the
bacterial translocation which occurs with during the course causes
extensive systemic inflammatory response, thus exaggerating the
existing circulatory dysfunction.?’=2% Other causes include bacterial
infections, use of nephrotoxic drugs, and aggressive paracentesis
without concurrent volume expansion.®

The incidence of AKI in cirrhotics varies from 26 to 50% from
various studies using either RIFLE or AKIN criterion.**Fedeetal.ina
review of 74 studies stated that there is a 7-fold increase in mortality
in cirrhotics with renal insults. Worsening of AKl has been found to
increase the risk of mortality by fourfold.?® Belcher et al. reported
that in patients with worsening AKI, the mortality was found to be
83%, whereas the mortality risk appears to be around 18% with no
progression in AKI.2

Intensive Care Unit Admission with Renal Dysfunction
The common reasons for admission of the cirrhotics with renal
dysfunction to the ICU are:

« Complications of renal dysfunction—volume overload,
metabolic acidosis, electrolyte disturbances, features of uremia.
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- Hemodynamic disturbances arising from the causative factor
triggering the AKI.?’

ICU MANAGEMENT OF CIRRHOTIC PATIENTS
wITH RENAL DYSFUNCTION

Initial assessment and evaluation of causes of renal dysfunction
in these patients should be thorough to arrive at a diagnosis and
initiate an appropriate treatment.® Aggressive strategies should
be initiated to prevent further progression of renal insults where
possible as it has been shown to decrease mortality.?

I. Evaluation of Renal Function

The search for ideal biomarker which would enable us to identify
renal dysfunction, differentiate its subtypes, define severity, and
also predict the course of the illness would eventually lead to better
management of renal dysfunction in cirrhotic patients.

Serum Creatinine:pitfalls

Because of reduced production of creatinine from the liver,
malnutrition, and reduced muscle mass, serum creatinine levels
in cirrhotic patients overestimate GFR sometimes as high as 50%,
which can delay the diagnosis of renal impairment in cirrhotics and
over dosage of nephrotoxic agents in this cohort.?® Chromogenic
interference with bilirubin can also lead to inaccurate creatinine
values.?® Serum creatinine higher than 0.97 mg/dL in cirrhotics is
equivalentto the GFR of 50 mL/min and indicates a renal impairment.*°

Other Biomarkers for Renal Dysfunction

The promising lot among the novel tubal injury biomarkers are
neutrophil gelatinase-associated lipocalin (NGAL), interleukin-18
(IL 18), cystatin C, kidney injury molecule (KIM 1), and liver-type
fatty acid binding protein (L-FABP). Table 2 lists the sources and the
time trends of abnormalities in the biomarkers in different causes
of renal injury.

Plasma and urine NGAL have been demonstrated to be
sensitive, specific, and highly predictive early biomarkers of AKI
after cardiac surgery in children and adult population,*"*?and these
have to be studied in detail in patients with liver disease.

Cystatin C levels are not influenced by muscle mass and
hence can be a better predictor of GFR in cirrhotics.>* NGAL levels
predicted the onset of AKI earlier than cystatin C but because of
commercial availability, cystatin C can be a useful addendum for
identifying AKI. In patients with cirrhosis, serum cystatin C was
found to correlate better with GFR than serum creatinine and detect
early stages of renal impairment in these patients.34-3°

Belcher et al. demonstrated that multiple urinary biomarkers
of kidney injury can distinguish ATN from non-ATN in patients with
cirrhosis and progressive AKI.>’

Despite all these apparent disadvantages, serum creatinine
retains an important position in identifying and prognosticating

Table 2: Novel biomarkers in kidney injury

Biomarker Source Sepsis Contrast nephropathy
NGAL Plasma Early Early

Cystatin C Plasma Intermediate Intermediate

NGAL Urine Early Early

IL-18 Urine Intermediate Absent

KIM 1 Urine Not tested Not tested
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cirrhotic patients with renalimpairment, and this is clearly reflected
by its inclusion in the MELD score.

Serum creatinine should be monitored daily in patients with
acute impairment of renal function; small increases of 0.3—-0.5 mg/dL
may indicate marked reductions in GFR.

Serum sodium and potassium concentrations should be
monitored frequently. Hyponatremia due to fluid overload and
diuretics, and hyperkalemia due to potassium-sparing diuretics
are frequently seen.

Urine analysis should be done to rule out renal parenchymal
disease preferably with 24-hour urine samples. Renal
ultrasonography should be performed to rule out intrinsic kidney
disease or postrenal causes of AKI. Renal biopsy is recommended
when there is a suspicion of renal parenchymal disease. Severe
coagulopathy can pose a hazard and is a contraindication for renal
biopsy.

Il. Evaluation of Liver Function

A detailed look at the previous hospital records and laboratory
parameters in addition to the clinical history can guide us with
the status of liver dysfunction. Full set of laboratory investigations
including complete hemogram and standard liver function tests
including prothrombin time must be done. An ultrasound Doppler
to look for patency of portal vein should be performed to rule out
acute portal vein thrombosis as a cause for acute decompensation
in liver function precipitating AKI. UGI endoscopy is helpful for
diagnosing and treating gastroesophageal varices if there is a drop
in hemoglobin and hemodynamic instability.

I1l. Assessment of Bacterial Infection

Bacterial infection should be ruled out in all patients with acute
renal failure or worsening of renal function. Hypersplenism present
in these patients masks the classical leukocytosis response to
infection.>® A diagnostic tap should be done to rule out SBP. Chest
radiography, and blood and urine cultures should be performed
to rule out infection.

IV. Initial Measures

Stop all diuretics and offending agents. Broad-spectrum antibiotic
prophylaxis has to be instituted as per the hospital antibiogram.

The assessment of intravascular volume status and predicting
fluid responsiveness in cirrhotic patients with ascites is very
challenging.*® The ideal tool which has been validated to predict
fluid responsiveness in these patients is with cardiac output
measured by a pulmonary artery catheter which is difficult
and thought to be invasive in most instances. The use of CVP
as a predictor of fluid responsiveness has been challenged in
many studies. IVC collapsibility index measured with bedside
echocardiogram and pulse pressure variation/stroke volume
variation measured by pulsed contour cardiac output monitors
have become popular in liver intensive care units.

UGI Bleeding

Aggressive rapid resuscitation of patients to restore hemodynamic
stability and near-normal hematocrit followed by endoscopic
interventions reduces mortality in patients presenting with massive
UGl bleeding.*

V.SBP

Renal impairment has been shown as the mostimportant predictor
of hospital mortality in cirrhotic patients with SBP.*'~** It has been
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shown in a randomized controlled study that treatment of SBP
with appropriate antibiotics and albumin reduces the incidence of
HRS from 30 to 10% and the mortality from 29 to 10% compared
to treatment with antibiotics alone. Treatment with albumin has
been particularly effective when bilirubin is more than 4 mg/dL
and creatinine is more than 1 mg/dL. Itis not clear if albumin would
be effective when creatinine and bilirubin values are beyond these
limits. Until further evidence emerges, it has been recommended
to use albumin in all patients who develop SBP.*'

VI. Volume Expansion and Vasoconstrictors

Volume expansion is the initial treatment in these patients.
Vasoconstrictors are the mainstay of treatment in HRS-1 because
of the altered circulatory dynamics.**** Well-designed randomized
controlled trials have demonstrated that the combination of
albumin with vasoconstrictors is superior to monotherapy in terms
of HRS reversal, improvement of renal function, mean arterial
blood pressure, and improvements in urine output.*®*” Because of
its hyperoncotic properties, the use of 20 or 25% albumin causes
redistribution of fluid into the circulation and accelerates volume
expansion by 210-260% of the administered volume, can also
decrease plasma renin activity, and can improve renal perfusion
pressure. 2’4849 A dose-response relationship is observed between
volume of albumin infused and survival in these patients, and a
49% reversal in HRS is observed in patients treated with combined
albumin and vasoconstrictors.’® The reversal of HRS seen with
vasoconstrictorsis primarily due to their effect on increasing mean
arterial pressure.”’

Terlipressin is proposed as the first choice of vasoconstrictor
in HRS because of its selective action on V1 receptors.647:52-54
The regimen usually recommended is 0.5-1 mg bolus followed
by the same dose every 4-6 hours, and it can be increased to
2 mg 4-6 hourly if there is no proper response within 3 days.
Continuous infusion of terlipressin at a dose of 2 gm over 24 hours
was better tolerated than intermittent boluses, and the effective
daily dose requirement was also less.>®> The commonly reported
adverse effects are diarrhea, abdominal cramps, arrhythmias, and
ischemic complications; some of these can be serious necessitating
discontinuation of the drug in 7% of cases.*® Therefore, terlipressin
should be avoided or used cautiously in patients with ischemic heart
disease, cardiomyopathies, peripheral vascular disease, asthma and
chronic obstructive pulmonary disease, and in patients older than
70 years of age.

Norepinephrine in combination with albumin has been shown
to be effective in reversal of Type | HRS.”” In comparison with
terlipressin, norepinephrine has similar efficacy levels in reversal
of HRS and a comparable safety profile.>®¢

The combination of albumin, midodrine, and octreotide has
shown to decrease mortality in patients with HRS.%% Studies have
reported a reduction in serum creatinine levels but failed to show
acomplete reversal of HRS.5*%* The response rate was significantly
better with terlipressin.®

VII. Renal Replacement Therapy (RRT) in Cirrhotics

Patients with HRS who do not respond to medical management will
eventually require a liver transplantation. RRT should be offered in
the interim to support kidney function. Posttransplant survival at
1 and 3 years is significantly lower in patients with HRS.%6 The
majority of HRS-1 patients experience an improvement in renal
function posttransplant.’’” The only factor consistently associated
with the nonresolution of HRS-1 after transplantation was the
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duration on dialysis before transplantation; the risk increases by
6% for each day on dialysis. Therefore, patients with HRS requiring
dialysis for more than 4 weeks' duration should be considered for
combined liver kidney transplantation.®®

Indications for RRT in Cirrhotics

The indications for RRT which have traditionally been described for
patients with chronic kidney disease are not the same in the setting
of AKI/HRS in cirrhotics. The main goals of RRT in this population are
to maintain fluid, electrolyte, solute, and acid-base homeostasis;
avoid further injury to kidney; and aid in the delivery of drugs and
nutrition.””*° Therefore, the indications for RRTin AKl can be broadly
grouped into two:

1. Foractual renal replacement

Emergent therapy in life-threatening indications: hyperkalemia,

metabolic acidosis, uremic complications, and volume

overload.””
2. Forrenal support

+ Volume control—To decrease morbidity associated with fluid
overload.”®72

« Nutritional supplements and drug delivery can be enhanced
when the concern of fluid restriction is removed—this can
help in faster recovery.”®

+ Permissive hypercapnia in acute lung injury (ALI) can be
managed with RRT without inducing fluid overload and
hypernatremia.”*

+ Solute modulation—changes in solute burden as in tumor
lysis syndrome, hyperammonemia in acute liver failure, acute
on chronic liver failure and metabolic liver diseases, cytokine
manipulation in sepsis and SIRS.”*The vasoactive inflammatory
mediators in sepsis and liver failure are similar and so are the
hemodynamic presentation in the two conditions. Continuous
renal replacement therapy (CRRT) can thus downregulate
the inflammatory response by absorption and removal of
cytokines such as TNF- and IL-6, which have been implicated
in the development of AKland HRS as well as the exacerbation
of hepatic injury and other toxins in sepsis.”>~"’

Modalities of RRT
The various modalities of RRT available are:

+ Intermittent hemodialysis (IHD)
« Continuous renal replacement therapy (CRRT)
o Continuous venovenous hemofiltration (CVVH)
o Continuous venovenous hemodialysis (CVVHD)
o Continuous venovenous hemodiafiltration (CVVHF)
- Slow continuous ultrafiltration (SCUF)
« Sustained low-efficiency dialysis (SLED)
« Peritoneal dialysis (PD).

Table 3 describes modalities frequently used in cirrhotics with renal
dysfunction with their pros and cons.

The two studies comparing PD and CRRT in AKI showed
conflicting results.”®7° Better hemodynamic stability, lesser
bleeding risks, ease of initiation, and nonrequirement for invasive
vascular access have been proposed as advantages of PD in patients
with cirrhosis. Major problems put forth are the huge protein losses,
higher risks of peritonitis, and the potential to cause respiratory
compromise with the diaphragmatic splinting that occurs due to
raised intra-abdominal pressure.®’ PD has not found much favor
among intensivists in the AKI setting.
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Table 3: Pros and cons of RRT modalities in cirrhosis

Modality Pros Cons

IHD Rapid clearance of toxins and solutes ~ Hypotension
Reduced requirement of Dialysis
anticoagulation dysequilibrium
Lower cost

CRRT Continuous removal of toxins and Requirement for
well-controlled fluid and electrolyte anticoagulation
balance Expensive
Maintains hemodynamics and Risk of
intracranial pressure hypothermia

SLED Slower removal of fluid and solutes Slower clearance

Maintains hemodynamics of toxins

Reduced exposure to anticoagulants

CRRT is favored over IHD in patients with cirrhosis because
it is well tolerated with better cardiovascular stability, gradual
correction of hyponatremia, and less fluctuation in intracranial
pressures.®’~84 Hyponatremia is a common complication seen in
cirrhotics and more so in patients with volume overload in AKI.
CRRT aids a gradual correction of sodium levels, thus preventing
dangerous neurological complications, whereas abrupt changes
in sodium levels can happen with IHD 286

SLED

SLED offers hemodynamic stability in comparison with CRRT; there
is less need for anticoagulation and comparable control of urea,
creatinine, and electrolytes.8’-°° SLED has emerged as a reasonable
compromise by maintaining hemodynamic stability and being less
expensive than CRRT.

SCUF

SCUF is being used widely in our center for control of volume
overload in cirrhotic patients who are diureticintolerant or resistant
with no other manifestations of renal dysfunction. The available
evidence for SCUF is for patients with congestive heart failure (CHF).
In volume-overloaded patients, with rapidly decompensating CHF,
SCUF can achieve more fluid removal and good weight loss, and
avoid rehospitalization without changes in serum creatinine and
hematocrit.”'~%3

Timing of Initiation of RRT

In a trial involving critically ill patients with severe AKI, no
significant difference was noticed in the mortality rates between
an early vs delayed RRT. A delayed strategy averted the need for
RRT in an appreciable number of patients.”* But from our clinical
experience, we understand that early initiation of RRT is better
in cirrhotics to control volume and electrolyte status and remove
dangerous metabolites like lactates to avoid further downhill
course.

Choice of Buffer Solutions for RRT

The use of bicarbonate as a buffer in the dialysate or replacement
fluid in CRRT offers better correction of acidosis, lower lactate
levels, and improved hemodynamics rapidly in comparison with
lactate-based buffers. Patients with cirrhosis have poor tolerance
to lactate-based buffers because of impaired clearance, and this
effect is more pronounced when they present with multiorgan
dysfunction.®%’
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Dosing of RRT

Two large multicenter trials have demonstrated no benefits in
increasing CRRT doses in AKI above effluent flows of 20-25 mL/
kg/hr. To achieve this delivered dose, prescription must be in the
range of 25-30 mL/kg/hr, and there must be minimum interruptions
in CRRT.78%9

High-volume hemofiltration has been proven to be beneficial in
sepsis and can possibly improve outcomes in acute liver failure.”s%

Anticoagulation in CRRT Circuits

Much of the proposed benefits of CRRT can be achieved only
with uninterrupted sessions. CRRT circuits seem to have a short
life despite abnormal coagulation testing in cirrhotic patients.’”’
Safe use of heparin in circuits has been demonstrated in cirrhotic
patients without increased bleeding complications and transfusion
requirements.'” Morabito et al. proposed regional anticoagulation
with heparin and protamine as a safe and valid alternative in critically
ill patients on CRRT with short filter life.'® Citrate anticoagulation
can be agood choice to prolong circuit life in patients at high risk of
bleeding, but citrate accumulation poses a major hazard in patients
with severely impaired liver function.'®*"'% A recent prospective
multicenter observational study evaluated the effect of regional
citrate anticoagulation in CRRT in patients with liver failure and
concluded that it can be safely used in patients with liver failure
and gives excellent filter patency.'”’

CoNcLUSION

Because of the complex alteration in circulatory dynamics, renal
dysfunction is very frequent in patients with cirrhosis and poses
high morbidity and mortality. A thorough understanding of the
pathogenesis, early detection, and aggressive corrective measures
for AKI can prevent further progression. A good knowledge of
treatment modalities available for renal dysfunction in cirrhosis
and timely interventions can significantly improve survival in this
group of patients.
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