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Abstract

Purpose of review—Renal dysfunction causes significant morbidity in cirrhotic patients.
Diagnosis is challenging because it is based on serum creatinine, which is used to calculate
estimated glomerular filtration rate, which itself is not an ideal measure of renal function in
patients with cirrhosis. Finding the exact cause of renal injury in patients with cirrhosis remains
problematic due to the limitations of the current diagnostic tests. The purpose of this review is to
highlight studies used to diagnose renal dysfunction in patients with renal dysfunction and review
current treatments.

Recent findings—New diagnostic criteria and classification of renal dysfunction, especially for
acute kidney injury (AKI), have been proposed in hopes of optimizing treatment and improving
outcomes. New biomarkers that help to differentiate structural from functional AKI in cirrhotic
patients have been developed, but require further investigation. VVasoconstrictors are the most
commonly recommended treatment of hepatorenal syndrome (HRS). Given the high mortality in
patients with type 1 HRS, all patients with HRS should be evaluated for liver transplantation.
When renal dysfunction is considered irreversible, combined liver—kidney transplantation is
advised.

Summary—Development of new biomarkers to differentiate the different types of AKI in
cirrhosis holds promise. Early intervention in cirrhotic patients with renal dysfunction offers the
best hope of improving outcomes.
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INTRODUCTION

Renal dysfunction is a frequent complication in cirrhotic patients, occurring in one of every
five inpatients with cirrhosis [1]. Renal dysfunction in this population may present acutely,
or may be a result of underlying chronic kidney disease (CKD). In any situation, it is
associated with increased morbidity and mortality [2].

There are different proposed classifications of renal dysfunction in cirrhotic patients [2-5].
In general, renal dysfunction in the cirrhotic patients can be divided by acuity of
presentation (acute kidney disease, acute on CKD, and CKD) and by the cause of renal
dysfunction [prerenal azotemia (PRA), intrinsic renal disease, hepatorenal syndrome (HRS)
type 1 and 2 and postrenal disease] (given below).

Classification of renal dysfunction in cirrhotic patients can be based on the acuity of
presentation or the cause of renal dysfunction as follows:

(1) On the basis of acuity of presentation
(a) Acute kidney injury
(b) Chronic kidney disease
(c) Acute on chronic kidney disease
(2) On the basis of the cause of renal dysfunction
(a) Prerenal azotemia
(b) HRS type 1
(c) Intrinsic renal disease

(i) Acute tubular necrosis (ATN), glomerulopathies, acute interstitial nephritis
(AIN), contrast-induced nephropathy (the list is not exhaustive)

(d) Postrenal disease.

Most patients with cirrhosis and renal dysfunction have an acute presentation without renal
structural changes. For example, a study of 152 inpatients with cirrhosis found that 70% of
the patients had acute kidney injury (AKI), 17% AKI and CKD, and 13% had CKD alone
[6]. Unfortunately, patients who do not improve with initial treatment often progress to HRS
and have increased mortality [7].

The diagnosis of AKI and CKD is challenging as it relies on serum creatinine used to
calculate estimated glomerular filtration rate (eGFR), and several investigations have shown
that serum creatinine is not an accurate biomarker of renal function in patients with cirrhosis
[8]. Most importantly, finding the exact cause of renal injury in patients with cirrhosis is still
a clinical dilemma due to the limitations of the current available diagnostic tests.

The review will highlight recent data on classification, pathophysiology, testing, and
treatment in patients with cirrhosis and renal dysfunction, with a focus on AKI.
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DEFINITIONS OF RENAL DYSFUNCTION IN CIRRHOSIS

The Acute Dialysis Quality Initiative (ADQI) group and International Ascites Club (1AC)
formed a Working Group and published a classification in 2011 that proposed the following
classification of renal dysfunction in patients with cirrhosis: AKI is defined as a rise in
serum creatinine of more than 50% from baseline or an increase in creatinine of at least 0.3
mg/day in less than 48 h, (this definition is independent of the cause of acute renal
dysfunction) [2]; CKD is defined as eGFR of less than 60 ml/min for more than 3 months;
and acute on CKD is defined as the increase in serum creatinine of at least 50% from
baseline or the increase in creatinine by at least 0.3 mg/dl in less than 48 h in a cirrhotic
patient with GFR below 60 ml/min for more than 3 months [2].

Causes of AKI include prerenal, intrinsic renal or parenchymal disorders, obstructive
nephropathy, and HRS [1]. The classic diagnostic criteria for HRS includes the presence of
cirrhosis, typically complicated by ascites, serum creatinine above 1.5 mg/dl (or >133
umol/l), discontinuation of diuretics for 2 days, correction of volume depletion, no
improvement of creatinine after 2 days of albumin (1 g/kg body weight/day, up to a
maximum of 100 g/day), the absence of nephrotoxic medications, and the absence of
findings suggestive of parenchymal renal disease (which include proteinuria or urinary
excretion of >500 mg of protein/day, >50 red cells/high-power field, or abnormal renal
ultrasound) [7,9]. There are two types of HRS — type 1 is defined as a doubling of the
baseline serum creatinine to greater than 2.5 mg/dl (221 pmol/l) or a 50% decrease in the
initial 24-h creatinine clearance to less than 20 ml/min in less than 2 weeks, whereas type 2
is characterized by a relatively stable renal dysfunction and/or less rapidly progressive renal
dysfunction [7]. In typical type 1 HRS, the structure of the kidney is normal. It should be
pointed out that a clear definition of type 2 HRS is problematic since it is poorly
characterized clinically [6].

PRA is generally caused by decreased perfusion to the kidney. PRA is the most common
cause of acute renal failure in patients with cirrhosis [6,10]. Multiple factors can contribute
to PRA, including gastrointestinal bleeding, overdiuresis, excessive diarrhea due to lactulose
use or infectious causes, and hypotension secondary to beta blocker use or ACE inhibitors.
PRA is usually related to urinary specific gravity less than 1.020 and fractional excretion of
sodium (FENa) less than 1% [6]. Other supporting clinical findings include tachycardia,
hypotension, and history of exacerbating factors, as mentioned above.

Causes of intrinsic or structural renal disease in patients with cirrhosis include primarily
ATN and the glomerulopathies. Glomerular diseases seen in cirrhotic patients include
membranous nephropathy and membranoproliferative glomerulonephritis, both seen in
patients with hepatitis B and C; IgA nephropathy reported in alcoholic patients; and diabetic
glomerulosclerosis. The exact frequency of each cause in patients with cirrhosis has not
been described yet. Other causes of structural renal disease include AIN and ischemic
nephropathy [3,10].

ATN in cirrhotic patients is usually related to volume depletion (i.e. relative hypotension)
caused by gastrointestinal bleeding, overdiuresis, or large-volume paracentesis [6]. Also,
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antibiotics, contrast nephropathy, and prolonged ischemia secondary to HRS can lead to
ATN [11]. The differential diagnosis between HRS and ATN remains challenging, but
classically, the presence of renal tubular epithelial cells in the urine sediment and FENa
greater than 2% are associated with the diagnosis of ATN [1].

PATHOPHYSIOLOGY OF RENAL DYSFUNCTION IN CIRRHOSIS

In early cirrhosis, when portal hypertension develops, a number of changes occur, and these
have been well described previously. In brief, altered vascular biology in the liver and
periphery triggers a series of changes including arterial vasodilation in the splanchnic
circulation, which causes peripheral systemic vascular vasoconstriction [12®]. Splanchnic
vasodilation causes secondary peripheral vasoconstriction, and activation of the renin-
angiotensin-aldosterone system (RAAS) and the sympathetic nervous system (SNS), which
increases secretion of vasopressin in an attempt to keep arterial blood pressure with
subsequent peripheral vasoconstriction [13]. Additionally, splanchnic vasodilation
exacerbates a phenomenon of increased hyper-dynamic circulation which promotes
cardiovascular dysfunction followed by decrease in the cardiac output and worsening
peripheral vasoconstriction. This contributes to changes in the heart including myocardial
hypertrophy and diastolic dysfunction, which is also known as cirrhotic cardiomyopathy
[14].

When the GFR decreases, there is a further dysregulation of the RAAS, with increased
levels of aldosterone and renin; this leads to sodium retention and worsening of ascites and
fluid overload [5]. Vasopressin is also stimulated locally and centrally, further leading to a
series of changes that result in water retention by the nephron [15]. There may also be
increased renal vasoconstriction and a reduction in renal perfusion with subsequent renal
ischemia, and in turn, reduced GFR, which predisposes to the development of HRS [16].

Another important factor in the pathogenesis of AKI in patients with cirrhosis is the
systemic inflammatory response, with or without infection. Patients with cirrhosis and
ascites have a high risk for bacterial translocation from the intestinal lumen to the abdominal
lymph nodes, which leads to increased circulating levels of lipopolysaccharide-binding
protein (LBP) and tumor necrosis factor-alpha (TNF-a) (which in turn may cause splanchnic
vasodilation). After liver injury, injured hepatocytes release damage-associated molecular
pattern (DAMP) molecules, which appear to exacerbate inflammatory response. High
mobility group box-1 (HMGBL) is a nonhistone nuclear protein that functions as a DAMP
molecule and is observed in high levels after liver ischemia and reperfusion [17]. HMGB1
appears to interact with toll-like receptors (TLRS), including TLR-2 and TLR-4, thus leading
to renal endothelial cell injury and causing renal injury, most specifically in the proximal
tubule [17]. Additionally, it has been found that after liver ischemia, intestinal Paneth cells
secrete large amounts of interleukin (IL)-17A which can be found in the circulation and
which appears to be deposited in the kidney leading to kidney injury [18].

Several exogenous factors can trigger acute renal dysfunction, including drugs such as
NSAIDs, angiotensin-converting-enzyme inhibitors (ACEIs), and diuretics. Other factors
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such as large-volume paracentesis, any type of infection, and gastrointestinal hemorrhage
have been associated with acute renal dysfunction in this population [19].

A recent study that included patients with decompensated cirrhosis showed that the risk
factors for AKI are similar to those for HRS [20]. Precipitating factors included large-
volume paracentesis (>5 I), increased diuretic doses, spontaneous bacterial peritonitis, other
bacterial infections, intravenous contrast, variceal bleed, and nonvariceal gastrointestinal
bleed [20]. The findings were suggestive that AKI and HRS in cirrhotic patients may share
similar pathophysiological pathways [20]. Importantly, once AKI develops, even small
increases in GFR are associated with reduction in patient survival. Some patients recover
renal function after AKI, but some progress to HRS [20].

DIAGNOSIS

In order to accurately assess renal function, it is important to calculate GFR. Serum
creatinine is the most commonly used marker to calculate GFR and estimate renal function,
but unfortunately it overestimates GFR in decompensated cirrhotic patients. For example,
patients with cirrhosis often have reduced muscle mass, reduced synthesis of creatine (the
precursor of creatinine), and additionally, elevated bilirubin levels may interfere with
creatinine measurements [21,22]. GFR calculation by clearance of inulin or radioisotopic
markers like 125lothalamate or 99Tc-diethylene triamine pentacetic acid (DTPA) appears to
be the most accurate method to assess GFR; however, these tests are time-consuming and
are not practical in daily clinical practice [23™]. Importantly, the use of serum creatinine
may delay early diagnosis of renal dysfunction and thus may delay initiation of appropriate
treatment for acute renal injury and HRS type 1 [2,24,25].

In an attempt to minimize delay in diagnosis, the ADQI-IAC formed a Working Group and
proposed a new term called ‘hepatorenal disorders’ (HRDs), which included all types of
renal dysfunction in patients with decompensated cirrhosis. These included functional and
structural renal dysfunction in patients with AKI, CKD, or HRS. In this definition, type 1
HRS is considered a type of AKI, but these new diagnostic criteria of AKI in patients with
cirrhosis need to be validated; at present, they are considered to be based only on expert
opinion [2] and the use of the current definition of HRS is still recommended. Future studies
will need to confirm the benefit of early diagnasis, in which case it is likely that the
creatinine cut-off for the diagnosis of HRS (especially type 1) may need to be revised.

Since creatinine measurement in cirrhotic patients remains imperfect, a number of
investigators have examined newer methodologies that might better estimate GFR. For
example, several recent studies have assessed the performance of serum creatinine-based
and cystatin C-based equations, and compared these with measured GFR. In one study of
300 patients who were evaluated for liver transplantation, GFR was directly measured by
using plasma clearance of iohexol. Modified Diet in Renal Disease (MDRD)-4, MDRD-6,
and Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equations to calculate
eGFR were used. MDRD-4 and CKD-EPI overestimated GFR, whereas MDRD-6 appeared
to be the most accurate equation to estimate GFR [26™].
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Formulas using cystatin C to estimate GFR take advantage of the biology of cystatin C. This
cysteine proteinase inhibitor is produced at a constant rate by all nucleated cells [27] and is
filtrated completely by the glomeruli and can be measured in serum and urine. Despite the
fact that, its expression may be influenced by nonrenal factors such as sepsis, inflammation,
steroids, smoking, thyroid disease, age, and sex, cystatin C is considered a better marker of
glomerular filtration than creatinine [28]. Recent studies have shown that serum cystatin C
equations and cystatin C—creatinine equations performed better than regular creatinine
equations in calculating GFR [23™,29™]. A study that included 202 patients with cirrhosis in
whom inulin clearance was used to calculate GFR compared the performance of creatinine,
cystatin C, and creatinine—cystatin C equations with the measured GFR (including
MDRD-4, MDRD-6, CKD-EPI-cystatin C, CKD-EPI- creatinine—cystatin C). Cystatin C
equations, especially CKD-EPI cystatin C equation, performed best irrespective of cirrhosis
severity [29™].

Another study examined 72 patients with cirrhosis in whom GFR was measured by
nonradiolabeled iothalamate plasma clearance (MGFR). Comparison of creatinine, cystatin
C-based, and the CKD-EPI creatinine—cystatin C equations revealed that the new CKD-EPI
creatinine—cystatin C equation was superior to other equations for estimating GFR in
patients with cirrhosis [23*]. Despite these encouraging findings, more studies are needed to
test the utility and accuracy of these equations in patients with decompensated cirrhosis.

The differential diagnosis of a patient with cirrhosis and AKI includes primarily PRA, ATN,
and HRS [30™]. While making a specific diagnosis and identification of the cause of AKI is
important to appropriately direct treatment, currently available diagnostic tests limit the
clinician’s accuracy. A rapidly expanding body of literature indicates that urine markers of
injury may improve the ability to diagnose renal injury in patients with cirrhosis (listed
below).

New kidney biomarkers (measured in urine) under investigation for the diagnosis of AKI in
patients with cirrhosis include the following tubular damage biomarkers:

(1) Neutrophil gelatinase-associated lipocalin (NGAL)

(2) Kidney injury molecule-1 (KIM-1)

(3) IL-18

(4) Liver type fatty acid-binding protein (L-FABP).

The new urinary biomarkers proposed include NGAL,IL-18,KIM-1,andL-
FABP,whichareassociated with tubular injury; and albumin, which is associated with
glomerular injury — both groups indicate structural kidney damage suggestive of ATN [31].

A recent study evaluated biomarkers in 110 patients with cirrhosis and AKI [30™]. Patients
were diagnosed with PRA, ATN, and HRS by a group of experts after retrospective analysis
of the clinical course and laboratory data which excluded measurements of NGAL, IL-18,
KIM-1, L-FABP, and albumin. ATN was found in 53%, PRA in 26%, and HRS in 22% of
the patients. NGAL, IL-18, KIM-1, L-FABP, and albumin were significantly higher in
patients with ATN than in patients with PRA or HRS. The likelihood of a diagnosis of ATN
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increased with the number of biomarkers above optimal diagnostic cut-offs. This suggests
that these new biomarkers can be helpful to exclude patients with significant structural renal
injury who are unlikely to benefit from treatment for HRS or PRA [30*]. Another study that
included 118 patients with cirrhosis and measured urinary NGAL found that 44% of the
patients had normal kidney function, 12% had stable CKD, 14% PRA, 17% HRS, and 13%
intrinsic AKI1 (defined as acute elevation in creatinine to >1.5 or >0.3 mg/dl above baseline
and no response to 48 h of volume resuscitation and, not meeting diagnostic criteria for
HRS). The study found that patients with normal renal function had a median urinary
neutrophil gelatinase-associated lipocalin (UNGAL) level of 20 ng/ml, patients with PRA
had a median UNGAL level of 20 ng/ml, patients with CKD had a median uNGAL level of
50 ng/ml, patients with HRS had a median uNGAL level of 105 ng/ml, and patients with
intrinsic AKI had a median uNGAL level of 325 ng/ml [32]. Unfortunately, these
biomarkers are currently used for investigational purposes only.

Also, noninvasive biomarkers of renal plasma flow (RPF) and renal resistive indices
(measured by duplex Doppler ultrasonography) have been explored as possible predictors of
HRS in patients with cirrhosis. Reduction in renal cortical blood circulation is one of the
main changes that precede HRS and decrease in GFR. One study showed reduced RPF,
reduced filtration fraction (or GFR/RPF), and increased renal resistive indices (right kidney
main and arcuate artery resistive indices) in patients with cirrhosis and ascites at higher risk
for HRS [33]. Given the small size of the study, further investigation is needed to evaluate
the utility of these biomarkers in patients with cirrhosis.

The diagnostic evaluation of AKI in patients with cirrhosis includes the following: a
complete history (with review of medication use), physical examination, exclusion of
postrenal obstruction, correction of PRA, if present, and careful monitoring of serum
creatinine. In most patients, the urine should be examined with microscopy for urine-
specific gravity, granular or epithelial casts, leukocytes, nitrites, leukocyte esterase,
electrolytes, and urine protein measured (spot and if abnormal 24-h urine collection is
recommended). In any patient with cirrhosis and AKI, infectious processes also should be
considered as a cause of PRA. Complete blood count, diagnostic paracentesis in patients
with ascites (including ascitic fluid cell count and culture), blood culture, urine culture, and
chest radiograph should be considered to exclude infection sources [5]. In many patients,
these studies will point to potential intrinsic renal disease, which would then be explored
with other specific diagnostic testing.

TREATMENT

Early treatment of renal dysfunction in cirrhotic patients, especially in patients with acute
deterioration, is important and may improve outcomes. Early treatment may even be
initiated before a cause of renal dysfunction is firmly established. NSAIDS and ACEls
should be avoided in cirrhotic patients and stopped if the patients were taking them. Also,
loop diuretics and potassium-sparing diuretics should be discontinued until renal function
recovers. If patients have severe ascites, large-volume paracentesis with aloumin infusion at
8 g/l of ascitic fluid removed can be considered as this may remove pressure on the inferior
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vena cava and improve blood return to the central circulation [34]. Once a cause of renal
dysfunction is determined, more specific treatment(s) can be implemented (Fig. 1).

Prerenal azotemia

Intravascular depletion should be treated with fluid resuscitation and/or albumin infusion. In
patients with gastrointestinal bleeding, transfusion of blood products should be considered,
with a hemoglobin goal of 7 g/dl [35]. Medications exacerbating PRA should be stopped.

Hepatorenal syndrome

Correction of triggering factors, including infectious processes or hypovolemia and
vasoconstrictors, is essential. A fluid challenge with intravenous (i.v.) albumin at 1 g/kg/day
(or maximum 100 g/day divided into 3—4 doses/day) for 2 days should be started. If renal
dysfunction does not improve, vasoconstrictors should be considered. Vasoconstrictors for
treatment of HRS such as terlipressin can restore renal function in almost 40-50% of the
cirrhotic patients [5]. Some authors have proposed that treatment with vasoconstrictors
should be started if AKI does not improve with volume resuscitation, even before they meet
criteria for HRS [19,20]. Vasoconstrictor agents such as vasopressin analogs and al
agonists are the most commonly recommended treatment option for HRS.

Terlipressin is a synthetic vasopressin analog that has long been used in patients with HRS
(primarily type 1). Although most published studies excluded patients with a high risk of
ischemia, ischemic events have been reported in up to 30% of the patients. Terlipressin is
started at 0.5-1 mg every 4-6 h i.v., and it is increased up to 2 mg every 4-6 h, if there is no
improvement of serum creatinine of at least 25% by day 3 of treatment. Treatment is
continued until the creatinine level decreases below 1.5 mg/dl (133 umol/l) to a maximum of
15 days. In majority of the studies, albumin was administered (at 1 g/kg on day 1 followed
by 40 g/day) along with terlipressin [36]. Terlipressin is not available in the United States.

A recent meta-analysis that included a total of five randomized clinical studies evaluated
terlipressin for type 1 HRS [37]. Mortality was 48% in patients who received terlipressin
alone or terlipressin with albumin, vs. 64% in patients randomized to no intervention,
placebo, or albumin alone; it thus reduced mortality with a relative risk (RR) of 0.76 [95%
confidence interval (CI) 0.61-0.95]. In general, the assessment of mortality was limited due
to relatively small numbers of patients included and the short follow-up periods (two studies
followed up to the end of the treatment, one for 3 months after the end of the treatment and
two for 6 months after the end of the treatment). Among the assessed adverse events, only
cardiovascular adverse events were higher in patients who received terlipressin [37].

A recent prospective study that included 18 patients with type 1 HRS and sepsis who
received terlipressin and albumin showed that there was a significant improvement in
arterial blood pressure and suppression of high renin levels and norepinephrine [38].
Improvement of renal function was observed in 67% of the patients and was associated with
an improved 3-month survival compared to patients without response. Patients who did not
respond had a significantly lower baseline heart rate, higher Model for End-Stage Liver
Disease (MELD) and Child—Pugh scores, and higher values of chronic liver failure-
sequential organ failure assessment (CLIF-SOFA) score, which indicated greater severity of
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the acute-on-chronic liver failure (ACLF). A CLIF-SOFA score of at least 11 had a 100%
specificity and 92% sensitivity in predicting no response to treatment [38"].

In the United States, since terlipressin is not available, other vasoconstrictor agents have
been used. For example, the a1 adrenergic receptor agonist midodrine (combined with
octreotide and albumin infusion) has been examined in small studies. One study of five
patients with cirrhosis and HRS who received 10-20 g of albumin per day for 20 days, and
octreotide (started at 100 mg three times per day and titrated up to a target dose of 200 pg
subcutaneously three times per day) and midodrine (started at 7.5 mg three times per day
and titrated up to a maximum of 12.5 mg orally three times per day) led to reversal of HRS
in all patients [39]. Another study using i.v. octreotide infusion at 25 mg/h and a fixed dose
of midodrine orally (2.5 mg/day) in 14 patients with type 1 HRS revealed that serum
creatinine decreased to less than 1.5 mg/dl in 70% of the patients [40]. A retrospective study
that included 60 patients treated with the combination octreotide, midodrine and albumin,
vs. 21 control patients treated with albumin showed reduction in mortality in the triple
combination group (43 vs.71%; P < 0.05) [41].

Norepinephrine is also used for the treatment of HRS [42]. Norepinephrine is used as a
continuous infusion (starting at 0.5 mg/h and titrated up to obtain 10 mmHg increase in the
mean arterial blood pressure or increase in urinary output >200 ml/4 h). In one study, it was
used with albumin and furosemide in 12 patients with type 1 HRS until creatinine decreased
to less than 1.5 mg/dl. Eighty-three percent of patients responded to treatment. Ischemic
complications were reported in 17% of the patients [42].

A recent systematic review examined the major vasoconstrictors available for HRS,
focusing on terlipressin and norepinephrine. In this review of four studies and a total of 154
patients, it was found that terlipressin and norepinephrine appeared to be equivalent in terms
of HRS reversal, mortality at 30 days, and recurrence of HRS. Of note, adverse events were
less frequent in patients who received norepinephrine [43].

Renal replacement therapy (RRT) is recommended in patients who are waiting for a liver
transplant and develop severe metabolic acidosis, volume overload, or hyperkalemia. Side
effects include hypotension, bleeding, and infections [5]. Whether RRT decreases mortality
is still unclear, although limited data suggest that mortality is lower in patients with HRS
and receiving RRT. For example, one retrospective study that included 26 patients with HRS
showed that 44% of patients on RRT survived to liver transplantation vs. only 10% in the
group who did not receive RRT [44].

The molecular adsorbent recirculating system (MARS) is a form of RRT that combines
continuous RRT (CRRT) and an albumin-enriched dialysate. It has been hypothesized that
MARS can remove toxins bound to albumin, including nitric oxide and bile acids and
cytokines like IL-6 and TNF-a. A small study has shown evidence of improvement in
survival at 7 and 30 days when compared to conventional therapy [45]. Another study that
included five patients with cirrhosis and type 1 HRS who failed vasoconstrictor therapy
showed that despite a significant decrease in nitric oxide levels, MARS did not improve
systemic hemodynamics or GFR [46]. Transjugular intrahepatic portosystemic shunt (TIPS)
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has been associated with improvement in the renal function in select patients with HRS
[40,47,48], but it should be emphasized that this is risky in patients with severe liver
dysfunction and is not generally considered a standard practice. Larger randomized
controlled clinical trials are needed to evaluate MARS and TIPS for the treatment of HRS.

A retrospective study that included 62 patients with type 1 HRS showed that postliver
transplant HRS resolved in 76% of the patients in a mean time of 13 days. The only
predictor of HRS nonreversal was duration of dialysis in the pretransplant period, with a 6%
increase in risk of nonreversal with each additional day of dialysis [49%]. Given the high
mortality in patients with HRS, especially type 1 HRS, it is recommended that all patients
with HRS type 1 and 2 should be evaluated for liver transplantation if they have no major
contraindications. If renal failure is considered irreversible, combined liver-kidney
transplantation is advised. The current United Network for Organ Sharing recommendations
for combined liver—kidney transplantation include: CKD requiring dialysis, CKD not
requiring dialysis and evidence of proteinuria, sustained AKI on RRT for 6 weeks or more
(at least twice a week), sustained AKI (with GFR < 25 ml/min) not on RRT for 6 weeks or
more, and metabolic disease [50].

CONCLUSION

Several recent studies have provided new information about the diagnosis and management
of patients with cirrhosis and renal dysfunction. Cystatin C is a cysteine proteinase inhibitor
that is produced by a constant secretion rate by all nucleated cells and is reliably filtered by
glomeruli; serum cystatin C-based equations, and cystatin C—creatinine equations may prove
to better estimate GFR than serum creatinine-based equations in patients with cirrhosis.
NGAL and other new biomarkers have been the potential to differentiate HRS from
structural kidney disease, although their use is currently limited to investigational purposes.
The management of AKI and HRS follows a specific algorithm, including ensuring that
patients are adequately volume-repleted, treated for infection when it is present, and that all
potential nephrotoxins have been removed. The use of vasoconstrictor agents is the most
commonly recommended treatment option for HRS. All patients with type 1 HRS should be
considered for liver transplantation. Further research is expected to shed further light on the
role of early diagnosis and treatment and outcomes. Additionally, it is expected that new
biomarkers will also help facilitate and expedite diagnosis and aggressive treatment.
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presumed prerenal
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evidence of ATN castsin urine
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FIGURE 1.
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Proposed algorithm for evaluation and management of the patient with cirrhosis and AKI.
AKI, acute kidney injury; ATN, acute tubular necrosis; cr, creatinine; HRS, hepatorenal

syndrome.
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