Renal Insufficiency in ®
Patients with Cirrhosis

updates

Caroline L. Matchett, mp?, Douglas A. Simonetto, mpo®, Patrick S. Kamath, mp®*

KEYWORDS

e Acute kidney injury ® Renal insufficiency ® Cirrhosis ® Hepatorenal syndrome
¢ International ascites club

KEY POINTS

e Acute kidney injury (AKI), including hepatorenal syndrome, is a common complication in
patients with cirrhosis and is associated with high morbidity and mortality.

e The International Club of Ascites has defined AKI in cirrhosis based predominantly on the
percentage of serum creatinine increase from the baseline.

e The use of urinary biomarkers of tubular damage may aid in the differential diagnosis of
AKI in cirrhosis.

e Advances in our understanding of the pathophysiology of AKI and cirrhosis have led to
changes in our approach to renal insufficiency in patients with cirrhosis.

INTRODUCTION

Acute kidney injury (AKI) is a frequent complication in patients hospitalized with com-
plications of cirrhosis and is associated with high morbidity and mortality. Prerenal
azotemia, hepatorenal syndrome (HRS)-AKI and acute tubular necrosis (ATN) repre-
sent the most common etiologies of AKI in patients with advanced liver disease. Differ-
entiating these conditions may be challenging, but is required due to the differences in
the treatment of each etiology. HRS-AKI is characterized by functional circulatory
changes that ultimately lead to impairment in kidney function. There have been recent
advances in defining this clinical entity and addressing optimal management. This re-
view highlights the contemporary criteria, pathophysiology, diagnosis, and manage-
ment of renal failure and HRS in patients with cirrhosis.

EPIDEMIOLOGY AND DEFINITIONS

The reported incidence of AKI ranges from 20% to 50% in patients with cirrhosis
admitted to the hospital.’™ The traditional definition of AKI in cirrhosis was based
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on an increased serum creatinine value of greater than 1.5 mg/dl.* This definition had
limitations in that it relied on a fixed threshold that did not account for dynamic
changes in serum creatinine that are essential in distinguishing acute from chronic
renal insufficiency.®

The definition of AKI has gone through many updates over the last 2 decades as
enumerated in Table 1. In 2004, the Consensus Conference of the Acute Dialysis
Quality Initiative Group defined the risk, injury, failure, loss, and end-stage kidney dis-
ease (RIFLE) classification, which was based on changes in serum creatinine or
glomerular filtration rate (GFR) and urine output.® Three years later (2007) this classi-
fication was refined by the Acute Kidney Injury Network (AKIN) to include the full spec-
trum of acute renal injury and adjusted the definition of AKI to include an absolute
increase in baseline serum creatinine of 0.3 mg/dL within 48 hours.” In 2012, the Kid-
ney Disease Improving Global Outcome (KDIGO) further refined the RIFLE and AKIN
criteria for defining AKI as an increase in serum creatinine by at least 0.3 mg/dL within
48 hours, an increase in serum creatinine to at least 1.5 times the baseline within the
last 7 days, or urine volume less than 0.5 mL/kg/h for 6 hours.®

The International Club of Ascites (ICA) modified the definition of AKI with a prog-
nostic significance for cirrhosis and formed the ICA-AKI criteria (Box 1).° This classi-
fication system is based predominately on the percentage of serum creatinine
increase from the baseline. The ICA also eliminated urine output from the revised defi-
nition of AKI, owing to the expected reduced urine output in patients with cirrhosis due
to avid sodium retention.

The definition of HRS has also evolved over time. Formerly, HRS was categorized
into two major types: type 1, defined by rapid impairment of renal function manifested
in less than 2 weeks by doubling of initial serum creatinine to a level greater than
2.5 mg/dL or a 50% reduction of the initial 24 h creatinine clearance to a level lower
than 20 mL/min; and type 2, defined by a less rapid course of renal impairment.*
The changes proposed by the KDIGO guidelines prompted the ICA in 2015 to reclas-
sify the previous HRS type 1 as the acute form of HRS-AKI,® and in 2019, HRS type 2
as HRS-NAKI (ie, non-AKI) (Table 2)."° The updated definition of HRS-AKI removed
the 2 week interval required for doubling of serum creatinine and the 2.5 mg/dL level
cut-off, facilitating earlier diagnosis and treatment. HRS-NAKI is defined by estimated
GFR (eGFR) rather than by serum creatinine and divided into HRS-acute kidney dis-
ease (HRS-AKD) if the eGFR is less than 60 mL/min/1.73 m? for less than 3 months,
and HRS-chronic kidney disease (HRS-CKD) if the eGFR is less than this for greater
than 3 months."

PATHOPHYSIOLOGY OF HEPATORENAL SYNDROME

HRS refers to renal dysfunction specific to patients with liver disease and has unique
pathophysiology.'? There has been notable evolution in our understanding of the path-
ophysiologic mechanisms of HRS in the last several decades.

The arterial vasodilation theory has been the leading hypothesis for the development
of HRS for the last 20 years. Cirrhosis results in increased intrahepatic vascular resis-
tance associated with overproduction and release of vasodilators (nitric oxide, pros-
taglandins, endocannabinoids) in the splanchnic and systemic circulation.'®
Splanchnic and systemic vasodilation lead to reduced effective arterial blood volume
and systemic arterial hypotension, which in turn lead to a compensatory increase in
cardiac output and activation of systemic vasoconstrictor pathways, such as the
renin—angiotensin-aldosterone system and the sympathetic nervous system. These
mechanisms are typically effective in maintaining circulatory volume in compensated
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Table 1
Consensus definitions for acute kidney injury

Criteria Stage

Definition

sCr or GFR Criteria

UOP Criteria

Acute Dialysis Quality Initiative Group
-RIFLE criteria in 2004

Stage 1 (risk)
Stage 2 (injury)
Stage 3 (failure)

Increased sCr > 1.5 x baseline or GFR
decreased > 25%
Increased sCr > 2 x baseline or GFR

UOP < .5 ml/kg/h for > 6 h
UOP < .5 ml/kg/h for >12 h
UOP < .3 ml/kg/h for > 24 h

Increased sCr > 3 x baseline or sCr >
4.0 mg/dL

Loss decreased > 50%
End-stage Increased sCr > 3 x baseline or GFR
decreased > 75%
Persistent acute renal failure >4 wk
Complete loss of kidney function > 3
moths
Acute Kidney Injury Network (AKIN) in Stage 1 Increased sCr > 1.5 x baseline UOP < .5 ml/kg/h for > 6 h
2007 Stage 2 or > 0.3 mg/dL within 48 h UOP < .5 ml/kg/h for > 12 h
Stage 3 Increased sCr > 2 x baseline UOP < .3 mU/kg/h for > 24 h or anuria >
Increased sCr > 3 x baseline 12 h
KDIGO in 2012 Stage 1 Increased sCr > 1.5-2 x baseline UOP < .5 ml/kg/h for > 6-12 h
Stage 2 or > 0.3 mg/dL UOP < .5 ml/kg/h for > 12 h
Stage 3 Increased sCr > 2-3 x baseline UOP < .3 ml/kgrh for 24 h or anuria for >

12h

Abbreviations: hGFR, glomerular kidney function; RRT, renal replacement therapy; sCr, Serum creatinine; UOP, Urine output.
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Box 1
International Club of Ascites stages of acute kidney injury

Stage 1
Increase in serum creatinine greater than or equal to 0.3 mg/dL (26.5 umol/L) or increase in
serum creatinine less than or equal to 1.5-fold or more to 2-fold from the baseline
Stage 1a
Creatinine less than 1.5 mg/dL
Stage 1b
Creatinine greater than or equal to 1.5 mg/dL

Stage 2
Increase in serum creatinine at least 2-fold to 3-fold from the baseline

Stage 3
Increase in serum creatinine at least threefold from baseline or serum creatinine greater than
or equal to 4.0 mg/dL (353.6 pmol/L) with an acute increase of greater than or equal to
0.3 mg/dL (26.5 umol/L) or the initiation of renal replacement therapy

cirrhosis; however, in decompensated cirrhosis, these systems are insufficient, result-
ing in impaired renal blood flow and consequent functional and ischemic kidney injury.

Systemic inflammation is a more recently described mechanism in the pathophys-
iology of HRS. Translocation of gut bacteria or bacterial products leads to increased
pathogen-associated molecular patterns, such as lipopolysaccharide, flagellin, and
nigericin, in the portal circulation. Similarly, hepatocellular injury leads to the release
of damage-associated molecular patterns including heat shock protein, double-
stranded genomic DNA, and adenosine triphosphate, among others. This proinflam-
matory response results in increased production of arterial vasodilators and conse-
quent reduction in effective arterial blood volume and systemic vascular resistance
leading to renal impairment.'#

In addition, the hepato-adrenal syndrome may play a role in the development of
HRS. Relative adrenal insufficiency is seen in 24% to 49% of patients with decompen-
sated cirrhosis.'>'® Adrenal insufficiency results in decreased arterial pressure and
increased renin and norepinephrine placing these patients at higher risk for the devel-
opment of HRS-AKI.'®

Cholemic (bile cast) nephropathy'” and intra-abdominal hypertension® in patients
with refractory ascites have also been implicated in the development of HRS.

DIFFERENTIAL DIAGNOSIS

Besides HRS-AKI, other more common causes of renal failure are seen with cirrhosis
(ie, hypovolemia, parenchymal disease, nephrotoxicity). Despite the significant over-
lap, distinguishing the main driver of renal failure in cirrhosis is important for prognostic
and therapeutic purposes. Prerenal azotemia and ATN generally confer a better prog-
nosis in cirrhosis, as compared with the markedly dismal prognosis in patients with
HRS-AKI.®

Differentiating HRS-AKI from ATN remains difficult. The diagnosis of HRS-AKI re-
quires the absence of shock, proteinuria, microhematuria, and normal renal ultra-
sound.’® Patients who meet these criteria may still have tubular damage, thus ATN
cannot be entirely excluded. Moreover, classical urine biomarkers such as urine so-
dium and fractional excretion of sodium (FeNa) used for the differential diagnosis of
AKI have limitations in patients with cirrhosis. Thus, urine sodium and FeNa are no
longer part of the diagnostic criteria for HRS-AKI.
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Table 2
Previous and new classifications of hepatorenal syndrome

old New
Classification Classification Criteria

HRS type HRS-AKI e Increase in sCr > 0.3 mg/dl within 48 h
OR
e Increase in sCr > 1.5 times from baseline (sCr value
within previous 3 mo, when available, maybe uses
baseline, and value closest to presentation should be
used)
e No response to diuretic withdrawal and 2 d fluid
challenge with 1 g/kg/d of albumin 20%-25%
e Cirrhosis with ascites
e Absence of shock
e No current or recent use of nephrotoxic drugs
(NSAIDs, contrast dye, etc.)
No signs of structural kidney injury
o Absence of proteinuria (>500 mg/d)
o Absence of hematuria (>50 RBCs per high-power
field)
o Normal findings on renal ultrasound
HRS type 2 HRS-NAKI e eGFR < 60 mL/min per 1.73 m? for < 3 mo in absence
HRS-AKD of other potential causes of kidney disease
HRS-CKD Percentage increase in sCr <50% using last available
value of outpatient sCr within 3 mo as baseline value
HRS-CKD
eGFR < 60 mL/min per 1.73 m? for > 3 mo in absence
of other potential causes of kidney disease

ROLE OF BIOMARKERS

Several novel urinary biomarkers of tubular damage have been investigated to differ-
entiate ATN from HRS-AKI. Tubular proteins released during cell damage (neutrophil
gelatinase-associated lipocalin [NGAL]), kidney injury molecule-1, and liver-type fatty
acid-binding protein and markers of inflammation (interleukin-18 [IL-18]) are a few of
the biomarkers studied for this purpose. Among these, NGAL and IL-18 are the
most widely studied and demonstrate the most promising results.

NGAL is a protein expressed by injured kidney tubular epithelia and rises exponen-
tially early during tubular damage.?® Several studies have demonstrated that urine
NGAL has high accuracy in differentiating ATN from HRS-AKI and hypovolemia-
induced AKI.2°722 Urinary NGAL performs best after the 2 days of plasma expansion
with albumin that is recommended in the management of AKI. In this setting, the uri-
nary NGAL cut-off value of greater than 220 ng/g of creatinine had the highest diag-
nostic accuracy for ATN.?' Studies have also shown that urinary NGAL is an
independent predictor of short-term mortality.?%2" A limitation of NGAL is that levels
are also increased in patients with urinary tract infections due to its expression by
leukocytes.?®

IL-18 is a proinflammatory cytokine expressed in the proximal tubule, which is
released during tubular injury.?* Significantly higher IL-18 levels have been observed
in patients with cirrhosis and ATN compared with other causes of renal injury. As
with NGAL, data also suggest a correlation between IL-18 levels and short-term
mortality.?>26
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RISK FACTORS AND PREVENTION

Predictors of HRS-AKI include hyponatremia, high plasma renin activity, liver size,'® and
severity of ascites.?”+?® The prevalence of HRS-AKI in the absence of identifiable precip-
itating events is only 1.8%.28 The most common precipitant of HRS-AKI is large volume
paracentesis without albumin administration. Albumin supplementation (6-8 g/L of as-
citic fluid removed) post-large volume paracentesis (>4-5 L) significantly reduces the
risk of HRS-AKI and short-term mortality.?%3° This protective effect is unique to albumin
compared with other volume expanders, which may be explained by its antioxidant,
anti-inflammatory, endothelial-stabilizing, and endotoxin-inactivation properties.®®-=3

The acute hemodynamic changes associated with infection are another major risk
factor for HRS-AKI. Roughly 30% of patients with spontaneous bacterial peritonitis
(SBP) developed HRS-AKI.®* Albumin administration (at a recommended dose of
1.5 g/kg on day 1 and 1 g/kg on day 3) in addition to antibiotic treatment reduces
the incidence of SBP-associated HRS-AKI and improves overall survival.>

In addition, patients with low ascitic protein fluid (<1.5 mg/dL) associated with liver
or kidney dysfunction (Child-Turcotte-Pugh score >9 with bilirubin > 3 mg/dL, or
serum creatinine >1.2 mg/dL, serum sodium < 130 mEqg/L or blood urea nitrogen
>25) are at increased risk for SBP. Antibiotic prophylaxis prevents the development
of SBP and reduces the risk of HRS-AKI and mortality.®>-%¢

MANAGEMENT

Early recognition and treatment of renal dysfunction in patients with cirrhosis is impor-
tant and may improve outcomes. Once AKI has been diagnosed, management should
start immediately (Fig. 1). Nephrotoxic agents (eg, nonsteroidal anti-inflammatory
drugs, contrast agents), vasodilators, and beta-blockers should be discontinued, and
diuretic therapy should be withdrawn. Infection should be investigated and treated.
AKI stage 1A (serum creatinine < 1.5 g/dL) is most often secondary to volume depletion
and greater than 90% of cases resolve with risk factor management. This contrasts with
only approximately 50% resolution seen in patients with AKI stage 1B.%°7-38 Patients
who present with or progress to AKI stage 1B or greater, should in addition to with-
drawal of diuretics and nephrotoxic agents, and treatment of infection, receive fluid
challenge of 20% to 25% intravenous albumin at 1 g/kg/d for 2 d. This step is important
to rule out prerenal azotemia and is required before a diagnosis of HRS-AKI can be
made. If the renal function does not improve and patients meet the additional diagnostic
criteria of HRS-AKI, vasoconstrictors in combination with albumin should be initiated.

VASOCONSTRICTORS

Splanchnic vasoconstriction results in decreased portal flow, consequently portal
pressure, and increased effective systemic arterial blood volume and renal blood
flow. The increase in mean arterial pressure promoted by vasoconstrictors is associ-
ated with higher rates of HRS reversal.>°

The vasoconstrictors used in the treatment of HRS-AKI include terlipressin, norepi-
nephrine, and the combination of octreotide and midodrine (Table 3).

Terlipressin, a synthetic vasopressin analog, is used to treat HRS-AKI in many Eu-
ropean and Asian countries. As a predominant vasopressin 1a agonist, terlipressin
acts mainly as a splanchnic vasoconstrictor.*C It also demonstrates mild activation
of vasopressin 1b receptors, leading to the release of adrenocorticotrophic hormone
and cortisol. This counteracts the relative adrenal insufficiency seen in cirrhosis.*" Ter-
lipressin also acts as a modest vasopressin receptor 2 agonist.
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Fig. 1. Algorithm for management of acute kidney injury with cirrhosis. (Adapted from Si-

monetto DA, Gines P, Kamath PS. Hepatorenal syndrome: pathophysiology, diagnosis, and

management. BMJ. 2020;370:m2687.)

Terlipressin may be administered as intravenous boluses (0.5 mg to 1 mg every 4-
6 hours up to 2 mg every 4 hours) or as a continuous infusion (1 mg/d-12 mg/d). Ter-
lipressin dose should be increased in a stepwise manner based on the response of
serum creatinine for a maximum of 14 days.*® Complete response (final serum creat-
inine within 0.3 mg/dL of baseline or less than 1.5 mg/dL) or partial response (improve-
ment of AKI but final serum creatinine is > 0.3 mg/dL of baseline) is achieved in 40% to
50% of patients. The recurrence rate of HRS-AKIl is less than 20%, and in the event of
recurrence, most patients respond to retreatment.*>*3

Terlipressin is not currently Food and Drug Administration-approved in the United
States, probably in part due to the rate of adverse respiratory events in patients on ter-
lipressin.** The CONFIRM trial reported respiratory adverse events (including acute
respiratory failure, hypoxia, pleural effusions, and pulmonary edema) in 39.5% of pa-
tients on terlipressin versus 25.3% of placebo.*® The risk of pulmonary events may be
mitigated by avoiding its use in patients with acute liver failure grade 3 or creatinine
greater than or equal to 5 mg/dL, because of a lower response rate and higher risk
of respiratory failure seen in these patients on sub-group analysis.** Further, albumin
should be used with careful clinical monitoring of volume status and treatment modi-
fication or discontinuation if side effects occur. Finally, terlipressin given by continuous
infusion has been associated with fewer adverse events compared with boluses
administration.*®

Norepinephrine is an intravenous systemic vasoconstrictor that works by the activa-
tion of a-1 adrenergic receptors on vascular smooth muscle cells. Norepinephrine is
used as a continuous infusion (starting at 0.5 mg/h and titrated up to obtain a
10 mm Hg increase in the mean arterial blood pressure) and should be administered
via a central line in an intensive care unit (ICU) setting. It has similar efficacy to terli-
pressin with a reversal rate of HRS-AKI ranging between 40% and 70%.47~4°
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Table 3

Vasoconstrictor therapy in the management of hepatorenal syndrome

Treatment Route Dose Frequency

Terlipressin Intravenous 1 mg; titrate if no Every 4-6 h or
improvement (decrease in continuous infusion

serum creatinine by 25% by
day 3) up to maximum
12 mg/d
Norepinephrine Intravenous 0.5-3 mg/h; titrate to achieve Continuous infusion

10 mm Hg increase in mean
arterial pressure

Midodrine Oral 5-15 mg 3 times daily
Octreotide Subcutaneous 100-200 ng (subcutaneous) or 3 times daily or
or intravenous 50 pug/h (infusion) continuous infusion

Midodrine is an oral a-1 receptor agonist. Octreotide is a somatostatin analog that
inhibits glucagon (a splanchnic vasodilator) secretion and acts as a direct mesenteric
vasoconstrictor. When used alone its benefit in HRS is limited.>® However, a combina-
tion of octreotide and midodrine has a potential benefit and is the only available treat-
ment of HRS-AKI in the United States outside the ICU.>"-°2 Midodrine is dosed
between 5 and 15mg three times per day and titrated based on MAP with the goal be-
ing to raise MAP by about 10 mm Hg. Octreotide may be administered either subcu-
taneously (100-200 mcg three times per day) or as a continuous infusion (50 mcg/h).
To date, there has only been one study comparing the effect of terlipressin with mido-
drine and octreotide. The complete response rate in the midodrine and octreotide
group was 4.8% compared with 55% with terlipressin. The overall response rate
was 28.6% for midodrine and octreotide and 70.4% with terlipressin.>® Thus, the po-
tential benefit of midodrine and octreotide in HRS-AKI remains in question.

The role of vasoconstrictor therapy in the management of HRS-NAKI is unclear and
needs to be explored in future studies.

ALBUMIN

Albumin infusion is central to the effective management of HRS-AKI and should be
used in combination with vasoconstrictor therapy. Albumin acts as a volume expander
and has positive cardiac ionotropic effects.®>* Studies also provide supportive evi-
dence for its antioxidant and immunomodulatory properties.®?°%%¢ Aloumin may be
dosed at 20 to 40 g/d based on volume and respiratory status. Excessive albumin
use may result in pulmonary edema and worse outcomes, particularly when used in
combination with vasoconstrictors.

TRANSJUGULAR INTRAHEPATIC PORTOSYSTEMIC SHUNT

Portal hypertension may be treated with a transjugular intrahepatic portosystemic
shunt (TIPS). TIPS is beneficial in patients with cirrhosis who cannot tolerate diuretics
or have diuretic-refractory ascites and as salvage, rescue, or preemptive therapy in
gastroesophageal variceal hemorrhage. However, the use of TIPS in HRS-AKI re-
mains investigational. Improvement in renal function and reduction in the activity of
renin—angiotensin and sympathetic nervous system after TIPS insertion for HRS-AKI
was demonstrated in one small nonrandomized study.®’ Likewise, a meta-analysis
of 128 patients who underwent TIPS insertion in the setting of HRS-AKI showed
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improvement in serum creatinine, serum sodium, and urine output.>® However, pa-
tients with markedly elevated bilirubin, active infection, and hepatic encephalopathy
were excluded from the study. The findings may be limited to a select group of pa-
tients. TIPS is not currently recommended solely for the treatment of HRS-AKI.

RENAL REPLACEMENT THERAPY

The decision to initiate renal replacement therapy in patients with cirrhosis and AKI is
based on the etiology of the AKI and the patient’s transplant candidacy (Fig. 2). RRT
has no role in the management of HRS-AKI as a stand-alone therapy.>® However, it
may be indicated in patients with treatment-refractory HRS-AKI as a bridge to liver
transplantation or when the precipitating event is reversible as in selected patients
with alcohol-associated hepatitis.5°-¢

LIVER TRANSPLANTATION

Liver transplantation is the definitive treatment for patients with HRS-AKI in cirrhosis.
The kidney function is expected to recover after successful liver transplantation, owing
to the functional nature of HRS-AKI.52:5% However, recovery of renal function after liver
transplantation is not universal and depends on multiple factors including age, comor-
bid conditions, and the duration of kidney injury.®* Simultaneous liver—kidney trans-
plantation may be indicated in these cases. In the United States, a listing policy
based on consensus recommendations for a simultaneous liver—kidney transplant re-
quires sustained AKI defined as a need for dialysis or a GFR of less than or equal to
25 mL/min for a minimum of 6 consecutive weeks.®

EMERGING TREATMENTS

The development of novel and effective treatment options for HRS-AKI are needed.
Serelaxin is a recombinant form of the human peptide hormone relaxin-2. It increases
renal perfusion by reducing renal vascular resistance and reverses endothelial
dysfunction.®® In animal models of cirrhosis, serelaxin has been shown to reduce intra-
hepatic vascular resistance and thus improve portal hypertension.®” A randomized
phase Il study showed 65% improvement in renal perfusion from baseline in compen-
sated cirrhotic patients treated with serelaxin.®® Further studies are needed to eluci-
date the role of serelaxin in patients with HRS.

Transplant Not transplant Transplant Not transplant Transplant Not transplant
candidate candidate candidate candidate candidate candidate
" RRT until v _ v
transplant, P . N . o . : .
: : i i1 Limited trial of : Limited trial of : : Limited trial of : RRT as bridge
: consider liver- i i H No RRT
: 5 : RRT RRT i RRT H to transplant
kidney
-....transplant

Fig. 2. Renal replacement therapy in the management of acute kidney injury in cirrhosis.
Selected patients with HRS-AKI may be considered for RRT if the precipitating event is
reversible, as with alcohol-associated hepatitis.
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Several other drugs are currently being investigated and demonstrate promise for
the treatment of HRS. These include ifetroban (a thromboxane A2/prostaglandin H2
receptor antagonist) that has successfully completed a phase Il clinical trial
(NCT01436500) and OCE-205 (a peptide therapeutic with a mechanism of action
designed to selectively target complications of portal hypertension) that has an up-
coming phase Il trial (NCT05309200).

SUMMARY

Renal failure is a common and severe complication in patients with decompensated
cirrhosis. HRS-AKI is a functional form of AKI in cirrhosis that confers a poor prog-
nosis. Recently, the criteria for renal failure and HRS have been modified based on
AKIN criteria with prognostic significance for cirrhosis. Our understanding of the path-
ophysiology of HRS-AKI has also evolved beyond circulatory dysfunction with sys-
temic inflammation being recognized as a major factor in its development.
Emphasis should remain on preventive measures for patients at risk of HRS, including
appropriate use of antibiotics and albumin when indicated. Novel biomarkers such as
NGAL may be useful to help determine the etiology of AKI in cirrhosis. First-line treat-
ment of HRS-AKI is vasoconstrictor therapy and intravenous albumin. A liver trans-
plant remains the optimal treatment and timely evaluation is critical.

CLINICS CARE POINTS

e The diagnosis of hepatorenal syndrome (HRS) is one of exclusion, and therefore should only
be entertained after other possible causes of kidney injury have been ruled out.

e Classic urinary biomarkers such as urine sodium and fractional excretion of sodium, as well as
the presence of renal epithelial cells and granular casts on urine microscopy, have limited
accuracy in distinguishing ATN from HRS-AKI in cirrhosis. Thus, the diagnosis of ATN in
patients with cirrhosis who do not respond to a fluid challenge is based on the medical
history.
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