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ABSTRACT

The pathophysiology of circulatory and renal dysfunction in cirrhosis
and the treatment of ascites and related conditions (hepatorenal
syndrome and spontaneous bacterial peritonitis) have been research
topics of major interest during the last two decades. Hepatorenal
Syndrome (HRS) is a potentially reversible “functional” renal failure
occurring in (a) Cirrhosis of liver with ascites (portal hypertension) and
hepatic failure; (b) Acute Liver Failure and (c) Alcoholic hepatitis.
However, functional renal dysfunction is present even in early stages
of chronic liver diseases of any etiology, and HRS is the extreme
manifestation of the same. HRS is usually seen in advanced stages
presenting with azotemia and ultimately renal failure. Anatomically
and histologically the kidneys are normal.
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EPIDEMIOLOGY AND PATHOPHYSIOLOGY

The liver plays an important role in the regulation of renal function
under normal conditions™. In absence of cirrhosis, uptake of amino
acids by the liver stimulates an increase in renal blood flow, glomeru-
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lar filtration rate, and urine volume.

There is gradual a deterioration in renal function as cirrhosis ad-
vances, progression of which may be influenced by several factors
(Figure 1). The effect of this deterioration is basically an inability to
maintain the extracellular fluid volume within normal limits. How-
ever, the exact pathophysiology of HRS is poorly understood and
complex, and probably occurs in stages.

DILUTIONAL HYPONATREMIA-

Ascites and Edema, reversible
RENAL VASOCONSTRICTION-
Hepatorenal Syndrome, irreversible

Figure 1 Chronological development of renal dysfunction in Cirrhosis.

SODIUM RETENTION-Preascitic
stage, reversible

Sodium retention by increased renal reabsorption from proximal
and distal tubules, is characteristically the most common anomaly of
kidney function in cirrhosis. The pathogenesis of sodium retention,
the most prevalent renal function abnormality of cirrhosis, is only
partially known. In approximately one third of patients with ascites,
sodium retention occurs despite normal activity of the renin-aldo-
sterone and sympathetic nervous systems and increased circulating
plasma levels of natriuretic peptides and activity of the so-called na-
triuretic hormone. These patients present an impairment in circulato-
ry function which, although less intense, is similar to that of patients
with increased activity of the renin-aldosterone and sympathetic ner-
vous systems, suggesting that antinatriuretic factors more sensitive
to changes in circulatory function, and that these systems may be im-
portant in the pathogenesis of sodium retention in cirrhosis. It is mild
in compensated cirrhosis (without ascites or edema) but increases
with disease progression™ along with the resultant extracellular fluid
retention and ascites. In preascitic stage a cirrhotic can handle this
excess sodium balance as long as they keep their salt intake low. But
the degree of salt and water retention varies from patient to patient
and is not a fixed or unalterable disorder. Therefor, some will quickly
develop edema or ascites under conditions of high sodium intake in-
cluding iv salines or when taking NSAIDs or vasodilators. In cirrho-
sis, there is also an increased capacitance of the splanchnic vascular
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bed. The sodium retention is probably a compensatory mechanism to
maintain the blood volume in preascitic cirrhosis in this setting.

The renal water handling and urinary sodium excretion is also
variable. Usually those patients in whom water retention is moderate,
can maintain their salt and water balance by restricting water intake.
However, they may not be able to prevent hyponatremia and water
retention after a water load challenge. With disease progression, the
severity of sodium retention increases and subsequently solute free
water retention also increases leading to dilutional hyponatremia.
Therefor, this is commonly seen in cirrhosis with ascites and edema.
It is paradoxical in the sense that dilutional hyponatremia occurs
in advanced cirrhosis in a background of an increase in total body
water and sodium. Several factors can aggravate this abnormal water
handling in cirrhotics e.g. iv hypotonic fluids, NSAIDs, diuretics and
large volume paracentesis.

Finally there is intense renal vasoconstriction and HRS develops.
Hence HRS develops essentially after undergoing the three stages
mentioned above.

In portal hypertension, there is also production of several endog-
enous vasodilators including nitric oxide (NO), a highly diffusible
gas, being the most potent vasodilator, which leads to splanchnic
vasodilatation causing pooling of blood in splanchnic system'. The
precise factors involved in the initiation of peripheral arterial vasodi-
lation remain obscure but possibly occurs in response to mechanical
and inflammatory signals in cirrhosis.

A role for chronic increases in levels of nitric oxide has been
proposed as a primary cause of both the hyperdynamic circulatory
changes and the renal failure. Plasma levels of other vasodilators like
glucagon, carbon monoxide (CO), prostacyclins, endogenous opiates,
adrenomedullin, substance-P, and calcitonin gene-related peptide are
also elevated. Calcitonin gene-related peptide is a potent vasodila-
tor, and circulating levels are increased in patients with alcoholic
cirrhosis with ascites but not in controls or cirrhotic patients without
ascites™ ", These vasodilators escape into the systemic circulation
through the porta systemic shunts present in portal hypertension lead-
ing to systemic vasodilatation in later stages. This causes increased
cardiac output and renal retention of sodium to increase total blood
volume in an effort to maintain hemodynamic stability (hyperdynamic
circulation)!'”. However, there develops a “splanchnic steal” or a
functional hypovolemic state whereby maldistribution of blood flow
in systemic circulation including to the kidneys develop. Hence, there
is actually a reduction in effective arterial blood volume (EABV).
Reduced EABV then starts a cascade of compensatory events''>:
(1) Activation of vasoconstrictor systems (SNS, Renin-angiotensin-
aldosterone system and arginine vasopressin) causing sodium reten-
tion; (2) Progressive decrease in production of renal vasodilators like
prostaglandins and kallikrein which favors renal vasoconstriction;
(3) Reduction of renal perfusion pressure with consequent reduction
of GFR and secretion of renal vasoconstrictors like endothelin which
further deteriorate renal function; and (4) Altered renal autoregulation
with due to increasing SNS activity leading to decreased perfusion.

In short, the renal vasoconstriction (particularly in afferent arter-
ies and arterioles) initially starts in HRS due to a changing systemic
hemodynamics which ultimately results in an imbalance in favour of
vasoconstrictors over the counter-balancing effects of vasodilators in
the kidneys. Recently, other factors have also being implicate apart
from these e.g. hepatic Adenosine in genesis of HRS. Adenosine in-
creases portal blood flow and stimulate renal excretion of water and
sodium by a “Hepato-Renal Reflex” -- mediated principally by SNS.
This reflex is hampered in cirrhosis due to increasing portal pressure
leading to decreased renal blood flow and thereby may contribute to
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HRS as well™>'",

Solute free water retention in cirrhosis results primarily from in-
creased secretion of arginine vasopressin (AVP), reduced prostaglan-
din synthesis and a decrease in filtrate delivery to the ascending loop
of Henle (which is the diluting segment of the nephron). Hypersecre-
tion of AVP is a major factor in the initial stages of pathogenesis of
HRS. In established renal failure, increased reabsorption of sodium
and water from proximal tubules alongwith decreased filtrate de-
livery to distal tubules increasingly contribute as well"”. High AVP
secretion leads to PGE2 synthesis by the kidneys to counteract the
water retaining effect of AVP, but over time it gets exhausted. In ad-
dition, any factor that impairs PG synthesis (eg NSAIDs) may also
facilitate dilutional hyponatremia. Dilutional hyponatremia develops
over days or weeks and is associated with poor survival. It should be
differentiated from true hyponatremia that occurs in some patients
on high dose of diuretics. The clinical presentation here may mimick
hepatic encephalopathy. If severe, it may also predispose to develop-
ment of true hepatic encephalopathym].

Additionally in advanced cirrhosis, the hyperdynamic circula-
tion in decompensated cirrhosis compromises cardiac reserve and a
lowering of cardiac output (systolic dysfunction), hypotension and a
low mean arterial pressure (MAP). This, together with ‘cirrhotic car-
diomyopathy’ are risk factors of development of HRS!"*'""'¥. HRS
is likely to develop in those cirrhotics who have more severe arte-
rial vasodilatation and lower cardiac output indicating that cardiac
dysfunction is an important factor in pathogenesis of HRS. The pa-
U819 of HRS in cirrhosis with

edema (but without azotemia) is shown in table 1. These are based

rameters associated with a higher risk

on the physiological changes with their consequences as described
above. The hemodynamic changes in different stages of cirrhosis are
summarized in table 2.

As mentioned earlier, several clinically relevant extrarenal factors
may “trigger” development of HRS in cirrhosis particularly who are
hospitalized with ascites and edema by increaseing sodium retention
plus dilutional hyponatremia or reducing the GFR (Table 2). Infec-
tions like SBP which produce bacterial cytokines and vasoactive
mediators may worsen arterial vasodilatation leading to decreased

Table 1 Predictors of HRS development.
Previous episodes of ascites

Poor nutritional status

Moderate increase in BUN and/or S. Creatinine
Serm Na<130 mEq/L

Urine Na<10 mEq/L

Plasma renin activity>4 ng/mL/hour

Mean Arterial Pressure <85 mm Hg

Low water excretion (<3 mL/min) after water load
Plasma norepine phrine>500 pg/mL
Esophageal Varices

MELD score

Table 2 Hemodynamic changes during different stages of cirrhosis.

Compensated  Diuretic Diuretic  HRS
Cirrhosis responsive  resistant
ascites ascites

Splancnic/systemic
vasodilatation Normal/+ + r .
Effective N 1
circulating volume CIHTTEL - __ —
Renin, Aldosterone,
Vasopressin, Normal + - it
Norepinephrine
Renal sodium
retention/ plasma + ++ e+ F—
volume
Renal
vasoconstriction Normal Normal ++ ++++
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renal perfusion or systolic dysfunction. Volume depletion (diuresis,
bleeds, GI fluid loss) is another common factor. Increased synthesis
of renal and humoral vasoactive mediators is also part of HRS gen-
esis. These mediators does not cause decreased renal blood flow, but
through contraction of mesenchymal cells in the glomeruli, leads to
a reduction in the capillary coefficient of glomerular ultrafiltration
(Kf) and a subsequent decrease in GFR. Among these factors, endo-
thelins, thromboxane A2, leukotrienes and isoprostanes™** can be
mentioned.

Therefore, cirrhotics are often exposed to a series of clinical situ-
ations that cause predisposition towards renal insufficiency that
differs from HRS and should be looked for. These include volume
depletion (pre-renal azotemia), Sepsis, ATN, drug induced nephropa-
thy NSAIDs, Antibiotics) and glomerulonephritis (in Hep B or C
infection).

CLINICAL IMPLICATIONS

HRS is the third commonest complication of Cirrhosis of liver after
Variceal bleed and Hepatic encephalopathy, but carries the highest
mortality amongst all three. A high index of suspiscion is necessary
to identify these patients. Hepatorenal syndrome should be suspected
in any patient with acute or chronic liver disease and portal
hypertension when there is a rise in serum creatinine to above 1.5
mg/dL. The widely followed diagnostic criteria for HRS is given in
table 1. Absence of intrinsic renal disease (glomerular and tubular)
is mandatory as indicated by proteinuria of >500mg/d, micro-
hematuria (>50 RBCs/hpf) or abnormal renal ultrasonogram. Many
conditions may cause pre-renal volume depleted states by vomiting,
diarrhea, lactulose, diuretics, ACE inhibitors that may reduce renal
perfusion. A therapeutic test using rapid infusion of 1.5 L of isotonic
saline solution simultaneously with withdrawal of diuretics should
be performed. Improvement in renal function will be shown by
a decrease in serum creatinine to less than or equal to 1.5 mg/dL
or by an increase in creatinine clearance to more than or equal to
40 mL/min®”, when HRS is not present. For HRS patients, there
is no improvement in renal function following plasma expansion,
and this is one of the main criterion for diagnosing HRS. Adequate
volume expansion as per the IAC is done by iv albumin (1 gm/kg/d
upto maximum 100 mg/d for at least 2 days) and is required before
excluding pre-renal renal insufficiency. HRS patients usually have
urinary sodium less than 10 mEq/L, since renal tubular function
is preserved and the kidneys do not lose their capacity for sodium
reabsorption.

There are several aspects that need mention in diagnosis of HRS.
Early detection is crucial. It should be noted that, although serum
creatinine has high specificity for detecting low GFR, its sensitivity
is low, probably because of reduced endogenous production of
creatinine associated with the protein undernutrition with subsequent
decreased urea production that is commonly present in cirrhosis.
This may delay the diagnosis as the required amount of rise in
creatinine or blood urea nitrogen may be delayed. The sensitivity
of 24-hour creatinine clearance for measuring GFR is greater than
the sensitivity of serum creatinine, but it may give an overestimate
and therefore careful 24-hour urine collection is needed. This is also
frequently impaired, since such patients are mostly oliguric. Hence,
Sserum creatinine and creatinine clearance may be inadequate
markers of renal function even in patients with well-compensated
cirrhosis™. In 68 nonazotemic cirrhotic patients with uncomplicated
cirrhosis, evidence for renal dysfunction was detected in nearly two
thirds””, including 21 patients with a creatinine clearance of 50 to
80 mL/min and 25 patients with a creatinine clearance of less than
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50 mL/min. Detection of renal insufficiency is clinically important
because there is an associated substantial increase in mortality. With
a mean follow-up of 180 days, the mortality rate was 24% in patients
with a creatinine clearance of 50 to 80 mL/min and 36% in those
with a creatinine clearance of less than 50 mL/min, as compared
with 9% in those with normal renal function™. It is also important
to stress that HRS patients may present with acute tubular necrosis
because of intense vasoconstriction that leads to ischemia. About one
third of cirrhotic patients with spontaneous bacterial peritonitis also
develop renal insufficiency™ and one third of such cases recover
after treating SBP with appropriate antibiotic therapy. Therefore, SBP
needs to be excluded in HRS even if there are no symptoms of SBP.

OTHER METHODS FOR EARLY DETECTION
OF HEPATORENAL SYNDROME

Ideally, the glomerular filtration rate should be measured in cirrhotic
patients with the use of sensitive techniques such as iothalamate
clearance, but this is not feasible in most clinical settings””. Because
hepatorenal syndrome is characterized by renal vasoconstriction
that appears before clinically recognized disease, several studies
have evaluated alternative diagnostic approaches. One of the most
promising is the use of Doppler ultrasonography to assess the
resistive index, a measure of renal vascular flow resistance™. In 180
patients with liver disease in the absence of azotemia, renal vascular
waveform analysis indicated an increase in resistive index in 42%;
kidney dysfunction subsequently developed in 55%, as compared
with only 6% of those with a normal resistive index. HRS occurred in
26% of those with an elevated resistive index, as compared with only
1% of those with normal values®™. In cirrhotic patients with renal
failure, the resistive index correlates with the glomerular filtration
rate, arterial pressure, plasma renin activity, and free water clearance
and has a sensitivity rate and specificity rate for the detection of renal
failure of 71% and 80%, respectively”'.

The resistive index increases progressively from normal values in
control patients (0.53+0.03) to higher values in non-ascitic cirrhotic
patients (0.67+0.06) and those with ascites. Compared with those
with class A cirrhosis values are also higher in Child--Pugh class
B and C cirrhotic patients””. Therefore, abnormal values may help
identify high-risk patients®™”
and further information is required before this method can be
recommended for routine use.

The cumulative likelihood of HRS occurrence in patients with

. Operator experience is also important,

cirrhosis with ascites can reach up to 18% over one year and up to
39% over five years, with a mean survival period of about two weeks
after the establishment of the syndrome™. Retrospective studies have
identified HRS in about 17% of the patients with ascites admitted to
hospital and in more than 50% of deaths occurring among cirrhotic

1333433 "Some clinical and laboratory

patients with liver failure
findings seem to indicate a greater tendency for HRS onset, among
which clear sodium retention, low water depuration, dilutional
hyponatremia, and hyposmolarity. There is also an association with
absence of hepatomegaly and the presence of undernutrition and
esophageal varices. On the other hand, liver function laboratory tests
and the Child-Pugh scale have not been associated with the likelihood
of HRS appearance™”.

HRS is classified into 2 types: type I HRS shows a rapid and
progressive decline in renal function with a very poor prognosis
(median survival of about 2 weeks); HRS type 2 has a more stable
renal failure, with a median survival of about 6 months. Type 2

HRS consists of a moderate and steady or slowly progressive renal
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failure. It represents the extreme expression of the circulatory
dysfunction that spontaneously develops in patients with cirrhosis.
The main clinical problem in these patients is refractory ascites.
The serum creatinine levels are usually greater than 1.5 mg/dL and
creatinine depuration is less than 40 mL/min. It may change to type
1, and in such cases its prognosis is also poor”™”. Type-1 HRS is a
rapidly progressive acute renal failure that frequently develops in
closed temporal relationship with a precipitating event, commonly
spontaneous bacterial peritonitis. It is also more frequent in cases of
alcoholic hepatitis, or after acute decompensation of hepatic cirrhosis
in patients who generally present significant coagulation disorders.
In addition to renal failure, patients with type-1 HRS present with
multi-organ dysfunction, including the heart, brain, liver, and adrenal
glands. Type-1 HRS is the complication of cirrhosis associated with
the worst prognosis™”. There is usually a doubling of the serum
creatinine levels to more than 2.5 mg/dL or by 50% reduction in
the initial 24-hour creatinine depuration to less than 20 mL/min
within two weeks™”. In general, amongst hospitalized patients with
decompensated cirrhosis, 39% have acute kidney injuries of various
etiologies out of which HRS 1 and HRS 2 constitues 12% and 9%
respectively™.

A recent study™ has revealed that hepatorenal syndrome (HRS)
was the third most common cause of admission to hospital in the
intensive care unit (ICU) among 420 patients with cirrhosis, and was
only surpassed by upper digestive hemorrhage and encephalopathy.
Mortality occurred within one to five years in 69% to 77% of all
these patients. The risk factors identified were acute physiology, age,
and chronic health evaluation (APACHE) III score of >90 [hazard
ratio (HR), 2.2; 95% confidence interval (CI), 1.6 to 2.8; p<0.0001],
the use of pressors (HR, 2.5; 95% CI, 1.9 to 3.2; p<0.0001), and
jaundice (HR, 1.7; 95% CI, 1.4 to 2.2; p<0.0001). Mortality occurred
within 30 days in 92% of the cases presenting all three of these risk
factors and in 11% of the cases without any of the above risk factors.

TREATMENT OF HEPATORENAL SYNDROME

Treatment of HRS is a challenge to physicians as it is the most
frequent life threatening complication in advanced liver failure with
cirrhosis™*”. Tt is best to try and prevent HRS rather than treat it once
it has occurred. Hence a thorough search for HRS should be the order
of the day in any chronic liver disease patient.

Treatment of HRS commonly starts in the setting of portal
hypertension with ascites who are being treated with bed rest, sodium
restriction and high dose of diuretics including spironolactone but
does not respond to intensive treatment after 1 week. Therefore,
‘diuretic-resistant ascites’ usually is a prelude to HRS. A rise in the
serum creatinine to values greater than 1.5 mg/dL in this setting
represents a clinical challenge. It is also known that due to a high
dose of diuretics itself, 20% of cirrhotics develop renal impairment

that improves after diuretic withdrawal™"

. Hence, deciding when and
how to treat HRS involves careful assessment of many confounding
factors in a given patient.

In general, there is a belief that the poor prognosis of HRS
is associated with liver failure, rather than renal failure and any
improvement in renal function hardly affects survival which
meant that only liver transplant was the possible therapy in HRS.
Inability of vasoactive drugs to be really of any value as therapeutic
agents in HRS is no longer accepted. A better understanding of
pathophysiology of HRS and recent observation of that reversal of
renal dysfunction requires a sustained improvement of hemodynamics
in cirrhotics, and finally the demonstration that renal failure per se is
an important determinant of prognosis in HRS and cirrhosis of liver

© 2013 ACT. All rights reserved.
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. . . 42,43
has renewed interest in vasoactive drugsI 4

All potential nephrotoxic agents, including NSAIDs,
aminoglycosides, other antibiotics, i.v. contrasts, must be discontinued.
In addition, prerenal azotemia can mimic the clinical and laboratory
features of hepatorenal syndrome, including oliguria, low urine
sodium concentration, and high urine osmolality. Because cirrhotic
patients are at risk for prerenal azotemia caused by diuretics,
bleeding, and other volume losses, an intravascular volume challenge
is required in most patients and should be encouraged. This is one
of the major diagnostic criteria of the International Ascites Club,
which advocates diuretic withdrawal and a volume challenge of
1.5 L isotonic saline™. The diagnosis of hepatorenal syndrome is
one of exclusion. When in doubt, central filling pressures may be
assessed by right-sided heart catheterization because, in the setting of
ascites and edema, assessment of intravascular volume status may be
difficult.

The emergence of diuretic resistance, related to impaired
mineralocorticoid escape™”, represents a major limitation of current
treatments. Moreover, diuretic use in the setting of an elevated
serum creatinine level is problematic because it increases the risk of
deterioration of the GFR through effects on plasma volume. Hence,
alternative therapies are often considered. Large-volume paracentesis
causes a significant increase in cardiac output and a rapid fall in portal
pressure, as well as a fall in plasma renin and aldosterone levels,
and has been reported to improve serum creatinine and blood urea
nitrogen levels™ but it is usually temporary even when adequate iv
albumin is given. Also, it must be noted that the creatinine clearance
may decrease following large-volume paracentesis, even when
the blood urea nitrogen and serum creatinine remain unchanged,
probably because of its effects on intravascular volume®”. There is
also limited evidence to support extracorporeal albumin dialysis™*’.
and pharmacologic treatment with low-dose dopamine, the
combination of norepinephrine and dopamine™”, terlipressin®, or
the vasopressin analog ornipressin*”. Studies of these agents were
not sufficiently compelling to recommend their routine application
in clinical practice. However, now the focus of treatment of HRS 1 is
with i.v. Albumin combined with Terlipressin™.

Recently 21 studies on HRS were pooled and analyzed to asses the
therapeutic responses of different vasoconstrictors”™” that included
terlipressin, octreotide, midodrine and noradrenaline. The mean
arterial pressure, urinary output, serum creatinine and plasma rennin
activity were measured at baseline and throughout the treatment
period. The conclusion was that improved mean arterial pressure and
kidney function occurred irrespective of the vasoconstrictors used.
However, patients on vasopressin showed a better improvement
compared to those on alpha-1-adrenergic agonists.

Consequently therefore, the role of vasoconstrictors as treatment
modality have been studied with renewed interest in recent times in
HRS because: (1) Physiologically they decrease arterial vasodilation
hence reducing the mismatch between circulatory capacitance
and intravascular volume in it; (2) The resultant improved EABV
decreases the various vaso-constrictor systems leading to improved
renal renal perfusion pressure and thereby an improvement in GFR.

The 3 classes of vasoconstrictors in use are Vasopressin analogues
(ornipressin, vasopressin and its analog terlipressin), alpha-adrenergic
receptor agonists (norepinephrine, midodrine) and Somatostatin
analogue Octreotide.

Ornipressin is not recommended because it causes severe ischemic
episodes although it was the first drug to show that pharmacologically
d“* and also confirmed by others™. Terlipressin
is the most extensively used drug in HRS. However, in most studies

HRS can be reverse
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it was combined with i.v. Albumin to improve the associated
circulatory dysfunction™. It is a pro-drug whose metabolite—Ilysine-
vasopressin-- is gradually released over several hours which leads
to minimal ischemic effects, without losing its efficacy. Surprisingly
there is no standard dosing of terlipressin because of lack of dose
finding studies. Generally started at 1 mg every 4-6 h, it is increased
to a maximum of 2 mg every 4-6 h if there is no decrease in serum
creatinine by at least 25% of the baseline value after 3 days of
therapy. Treatment is continued till the serum creatinine is below 1.5
mg/dL™. Response to therapy is characterized by a slow reduction
of serum creatinine value, improvement in urine volume and MAP
(mean arterial pressure) and serum sodium. It usually takes 2
weeks and the pre-treatment serum creatinine is obviously directly
proportional to response to Terlipressin therapy. Recurrence after
withdrawal is uncommon and usually responds well to re-treatment.

Terlipressin improves systemic hemodynamic circulation in
cirrhosis, improves EABYV, reduces SNS and RAS activity and
thereby improves GFR and renal sodium excretion>*".

In HRS 1 patients continuous infusion of terlipressin seems to
provide more sustained portal pressure reduction compared to bolus
injection with additional benefits of fewer side effects with lower
daily dose®**¥,

Studies of terlipressin therapy in HRS 2 is very scanty. In one
study™ a small number of 11 HRS type 2 patients were treated for 7
days with terlipressin 1 mg 4 hourly. They showed a 73% reduction
in serum creatinine value. Amongst these, 88% achieved a value
below 1.5 mg/dL.

A multinational study'®” involving 112 HRS 1 patients compared
terlipressin plus albumin versus albumin alone. Compared to placebo,
terlipressin group achieved significant improvement in serum
creatinine (p<0.009), mean day-14 model End stage liver disease
score (-- 4.1 vs --1.7, p<0.008) and most importantly, HRS reversal
(44% vs 9%, p<0.008). But this study did not show any difference
in terms of 6 months (longterm) overall survival or transplant-free
interval. Moreover, more patients in terlipressin group (10 vs 4) had
side-effects like Myocardial Infarction, or arrhythmias. Another
study® involving both HRS 1 and HRS 2 patients (total 46 patients),
compared terlipressin 1-2 mg terlipressin plus albumin to albumin
alone. Again, in the terlipressin group there was significantly higher
rate of improvement kidney function (by 0.7 mg/dL vs no change
in placebo), but survival at 3 months was no different and higher
cardiovascular myocardial ischemic events, arrhythmia, intestinal
ischemia and volume overload was noted in terlipressin group (5 vs
1 patent). Therefore, evidence suggests that short term benefits of
terlipressin are not sustained in terms of long term over-all mortality
in HRS.

Alpha-adrenergic receptor agonists like Midodrine and
Norepinephrine (NE) have also been used in HRS. Midodrine is
approved for treating postural hypotension. In a comparative study
Midodrine used in cirrhosis without HRS (n=17) improved systemic
and renal hemodynamics, increased renal sodium excretion and
decreased plasma rennin activity, but in HRS 2 patients (n=8) these
effects were found to be insignificant'®™. Interestingly however,
subsequently it was found that adding subcutaneous Octreotide to
Midodrine showed these beneficial effects to be significantly more
visible in HRS 1 patients. A retrospective study'® compared 75
patients (n=49 HRS 1) and (»=26 HRS 2) with 87 controls (n=53
HRS 1) and (n=26 HRS 2). The 75 patients received Octreotide
subcutaneously, Midodrine orally and iv Albumin for a mean of 8.4+/-
9.6 days, while the control group received no therapy. In a mean
follow-up of 4 months there was significant improvement of GFR
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(p=0.03), and survival (p=0.007 for HRS1 and p=0.0004 for HRS2).

Terlipressin is also used in HRS. If used alone, the one month
survival is poor as compared to when combined with albumin (17%
vs 87%)™). Moreover, in HRS 2 terlipressin with albumin does
not sustain the beneficial effects and HRS recurs after stoppage of
treatment™”.

IV albumin with dopamine does not show any benefit and the
HRS 1 patients showed progressive deterioration during therapy
in one study™. It appears that volume expansion and vasopressors
are relatively more effective in HRS 1 patients. Combination of
iv albumin and vasoconstrictors shows better results especially if
given intermittently rather than by continuous infusion. Short term
treatment is to be avoided as improvement in circulatory status
and GFR in HRS takes time and duration of therapy may need be
extended than used now.

Use of NE in HRS are reported in small non-randomized studies.
Reversal of HRS1 in 83% of 12 patients were reported in 12 patients
in one week™'. Recently, NE plus albumin was compared with
Terlipressin plus albumin in 9 HRS1 and 13 HRS2 patients and NE

1! with similar rate

was shown to be non-inferior to terlipressin group
of side effects but lower cost in NE group. Moreover relapse was less
in NE group (29% vs 60%). Similar findings are reported in another
study'” but the cumulative survival did not differ between the two
groups. Inspite of cardiac side effects like ventricular hypokinesia and
arrthythmias NE can be considered safe and effective as an alternative
to terlipressin therapy because of its lower cost and wider availability,
in HRS1 provided adequate ICU monitoring is available.

Octride monotherapy in HRS does not seem to offer more
benefit than placebo™ and is not recommended. It can be useful in
associated variceal bleed or with midodrine as an adjunct therapy.

IV Albumin, apart from being a volume expander, also has anti-
oxidant, ligand binding, anti inflammatory and other beneficial
metabolic activities'™. A variety of albumin therapy has been carried
out in HRS — with vasoconstrictors, with furosemide and only
albumin. Most of them has not shown any benefit in in terms of
reversal or survival in HRS, particularly HRS1 and especially when
infused alone™" """ However, these studies included small number
of patients.

To sum up the role of vasoconstrictors in HRS, we can not
definitely say that they can reverse HRS due to lack of large,
randomized and controlled trials. Most of the studies involve HRS1
patients. A meta-analysis'’” assessing four randomized controlled
trials concluded that terlipressin plus albumin was superior to albumin
with/without placebo in cirrhotic ascites with HRS1 in improving
renal function which seems to improve the likelihood of response to
treatment if duration of therapy is prolonged beyond 7 days upto 20
days. Overall it was well tolerated and safe. Another meta-analysis””
of randomized studies using all vasoconstrictors showed that a) there
was a reduction of all cause mortality favoring vasoconstrictors alone
or alongwith iv albumin compared to no intervention or albumin
alone in HRS, b) terlipressin with albumin was more effective in
improving renal function when compared to albumin alone. In HRS2
vasoconstrictors do improve the renal function but the recurrence
rate is high™*”
improves survival in HRS1 and whether they can be recommended

1. As of now we do not know whether vasoconstrictors

routinely to be used in HRS2, till ongoing trials are published. A
practical and basic approach to suspected cases of HRS will be: (1)
Stop diuretics; (2) Volume expansion; and (3) Avoid nephrotoxic
drugs.

If there is no improvement, then it is prudent to start IV Albumin,
Terlipressin/Octreotide and Midodrine.

© 2013 ACT. All rights reserved.
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There is a subset of patients of HRS who will not respond to
vasonstrictors and will need alternative therapy. It is important to
be aware of this fact, especially to identify them from amongst
those who are awaiting transplant. A recent meta-analysis of clinical
trials”® showed that the pooled rate of patients who reversed HRS
after terlipressin therapy was 0.52 (95% CI, 0.42; 0.61; P=0.0001,
/2=4.6%). The pooled Odds Ratio (OR) for mortality rate in HRS
patients who were not responders to terlipressin versus responders
was 5.746 (95% CI, 1.5; 21.9; P=0.0005).

Predictors of response was assessed in 39 cirrhotics with HRS1

treated with terlipressin plus albumin””

. Multivariate analysis
showed that baseline serum bilirubin<l10 mg/dL (indicating less
severe liver disease) and an increase of MAP of >5mm on day 3 of
therapy predicted HRS reversal. Another multicentre randomized,
double-blind, placebo controlled study of terlipressin in HRS17"
found that only those with baseline serum creatinine level <5.6 mg/
dL and treatment duration of >3 days of terlipressin achieved HRS
reversal. Therefore, severe renal or hepatic dysfunction and lack of
improved hemodynamics in first 3 days of treatment are not likely to
respond to vasoconstrictors.

Reduction of portal pressure by portocaval shunt is a logical
therapy in HRS. Several case reports have proposed a role for
transjugular intrahepatic portosystemic shunts (TIPS) in the reversal
of HRS””*¥ in those who do not respond to vasoconstrictors. The use
of TIPS alone may be appropriate for some patients with diuretic-
resistant refractory ascites, but its role in hepatorenal syndrome
(which commonly occurs in the setting of resistant ascites), remains
to be established. Brensing ef al*'" analyzed the role of TIPS in four
studies which included a total of 30 HRS1 patients. The procedure
was successful in all patients, with one post-procedural death. GFR
and serum creatinine improved significantly by 1-4 weeks and
remained stable. There was a reduction in plasma rennin, aldosterone
and anti-diuretic hormone levels, especially in those with refractory
ascites. Post TIPS hepatic encephalopathy occurred in 9 patients and
5 of them responded to lactulose therapy. In two series transplant
was not carried out, while in the other two, 3 out of 9 patients had
to undergo transplant within five weeks. Post transplant survival
at one, three and six months was 81%, 59% and 44% respectively.
However, use of vasoconstrictors followed by TIPS has been tried.
Midodrine, Octreotide and albumin therapy, when followed by TIPS
in 14 HRSI patients eventually normalized renal function over 12
months and an overall survival rate of 50%*. Prior to TIPS, they
had not achieved normalization of their renal function. In HRS2
terlipressin plus albumin in 11 patients followed by TIPS the serum
creatinine decreased to 1.36 +/- 0.3 mg/dL in 9 patients after 1 month
post-tips. Ascites disappeared in all from 2™ week onwards'™”. Most
of the cases of HRS, however, are usually not candidates for TIPS
secondary to high MELD, encephalopathy or cardiac dysfunction,
unless going for liver transplant.

Head-out water immersion has proved to be a interesting and
valuable model for studying the pathogenesis and treatment of

. . 83,84
resistant ascites™

! In patients with ascites, head-out water
immersion increases central blood volume and promotes marked
natriuresis and diuresis, with two- to three-fold increases in urine
85 Plasma levels and urinary
excretion of norepinephrine decrease, and there generally is a prompt

. P . . . . 83 .
increase in immunoreactive atrial natriuretic factor level™. Thus, if

volume and urine sodium excretion

facilities are available, the hemodynamic response to immersion is
favorable.

The onset of renal failure in patients with cirrhosis carries a poor
prognosis. Plasma renin activity, plasma concentration of antidiuretic

© 2013 ACT. All rights reserved.
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hormone, and serum sodium concentration have some value as
predictors of survival®™, but in the absence of clearly reversible
causes, treatment is largely supportive. The traditional view is
that dialysis is futile in hepatorenal syndrome except when used
as a bridge to liver transplantation®”. In patients with preexisting
liver disease and acute renal failure (including, but not limited to,
hepatorenal syndrome) that requires dialysis, the relative risk of
dying is increased substantially in those with thrombocytopenia
(platelet count <100000 mm’), hepatic encephalopathy, or an
elevated prothrombin time. In the absence of these features, the
1-year survival is 38%"”. Renal failure alone in the absence of
other contraindications may not exclude dialysis, but the risks are
significant.

Other Treartments

The search for treatments other than vasoconstrictors and albumin
are continuing without any possibility of being recommended as
a treatment option in HRS in near future. Drugs like misoprostol,
which is a synthetic drug similar to prostaglandin E1®***, endothelin
antagonists””, which inhibit the powerful vasoconstriction of
endothelin, and n-acetylcysteine”', may also be useful for treating
HRS".

Hemodialysis, hemofiltration (arterio-venous or veno-venous)
and extra-corporeal albumin dialysis are other modalities that need
further assessment before their efficacy is defined in HRS. Further
research is ongoing in this area. Renal replacement therapy is not
justified in terminally ill patients who are not transplant candidates.
Recent studies have reported MARS use for HRS treatment, showing
that, in comparison with hemodialysis, MARS is better with regard to
sodium, creatinine and bilirubin levels and prothrombin time, while it
presents similar results for blood albumin, diuresis and mean arterial
pressure. The mean survival of patients is also significantly greater
with MARS than with hemodialysis or hemofiltration®*”.

Lumbar Sympathectomy has also been proposed as a surgical
option for HRS treatment. In a small report on eight patients, Solis-
Herruzo” suggested that sympathetic block might improve renal
function in cirrhotics with HRS, particularly among those with more
impaired GFR. In this study, five patients presented basal GFR
below 25 mL/min, and in these cases sympathetic block induced
a significant increase in GFR, osmolal clearance, urinary sodium
excretion, fractional excretion of filtered sodium and effective renal
plasma flow and a decrease in plasma rennin activity.

Combined therapy of Shehuang Paste (SHP)—a traditional
Chinese medicine --with colonic dialysis in treating patients with
refractory cirrhotic ascites complicated with azotemia has been
reported to be beneficial in reducing the long-term incidence of
HRS™.

Liver transplantationis

Liver transplantationis the definitive treatment since it eliminates
the three central factors leading to pathogenesis of HRS -- liver
dysfunction, portal hypertension and the hemodynamic anomalies
in decompensated cirrhosis. When successful, full recovery from
functional renal failure can be expected. As early as in the 1970s,
Iwatsuki et al” showed that HRS patients recovered renal function
after orthotopic liver transplantation, thereby further highlighting the
functional nature of the kidney dysfunction. However, HRS patients
present greater morbidity and mortality, with lower survival rates.

Gonwa et al™

showed that there was no difference in perioperative
(90-day) mortality. One- and two-year actuarial survival rates in the

non-HRS patients were 87.2% and 82.1%, respectively. The actuarial
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one- and two-year survival rate for the HRS patients was 76.6% (p>
0.005). But the transplant recipients with hepatorenal syndrome or
renal failure during transplant had a significantly decreased survival
rate at 5 years compared with those without hepatorenal syndrome””.
In addition, longer stays in the intensive care unit, longer
hospitalizations, and more dialysis sessions were required””. Thus,
early transplantation remains the best course whenever possible. In
addition, pre-transplant treatment of HRS is logical and may improve
survival®*”. However, upto 40% of post transplant patients may
become dialysis dependent™®”.

In those with chronic renal failure a combined liver-kidney-
transplant (CLKT) may be indicated. 100 This is a difficult issue
that needs clear-cut indications e.g. irreversible renal failure or
progressively worsening renal dysfunction””"'”, But at present, liver
transplant alone is considered above CLKD even in patients requiring
pre-transplant dialysis because, generally post-op outcome in CLKD
is inferior to liver transplant alone!"””". If the renal failure progresses
after liver transplant, then kidney transplant may be indicated.

Prevention of HRS is possible in certain settings like SBP and
severe Acute Alcoholic Hepatitis which are known to trigger HRSI1.
In those with Cirrhosis with SBP, iv Albumin 1.5 g/kg followed by
1g/kg 48 h later plus Cefotaxime markedly reduced HRS1 when
compared with Cefotaxime alone (10% vs 33%)!'*". In the setting of
severe Alcoholic Hepatitis administration of Pentoxyfyllin 400 mg
tid (TNF inhibitor) have been shown to reduce occurrence of HRS1
when compared to placebo (8% vs 35%)!"*". In addition to reducing
occurrence of HRS1 both these studies showed hospital survival
benefit. In low protein ascites (<1.5 gm/dL) daily prophyllaxis with
renally dosed norfloxacin has shown to decrease the incidence of
HRS and improved 3 month survival'®. In future, vasoconstrictors
may be included in studies to prevent HRS in cirrhotics.

CONCLUSION

The pathogenesis of circulatory dysfunction in cirrhosis and the role
of local mechanisms in the development of the splanchnic arteriolar
vasodilation associated with portal hypertension will continue as
important topics in clinical and basic research in Hepatology.

The pathophysiology of circulatory and renal dysfunction in
cirrhosis and the treatment of ascites and related conditions like
hepatorenal syndrome have been research topics of major interest
during the last two decades. However, many aspects of these problem
remain unclear and will constitute major areas of investigation in the
next millennium. The pathogenesis of sodium retention, the most
prevalent renal function abnormality of cirrhosis, is only partially
known.

Hepatorenal syndrome occurs in patients with advanced liver
cirrhosis and is associated with functional renal impairment and
poor prognosis. The main clinical problem in these patients is
refractory ascites. These patients present a challenge to physicians and
management strategies.

Several approaches have been used for HRS treatment
including vasoconstrictor therapy. Recent evidence has shown that
vasoconstrictor agents are effective and serve as a bridge to LT; the
rationale for vasoconstrictors is to counteract the splanchnic arterial
vasodilation and increase the effective arterial blood volume. Although
various pharmacological therapies are available, large randomized
controlled trials are required to determine which treatment modality
is most effective to improve survival rates along with its dose and
duration of treatment.

Alternative therapies such as transjugular intrahepatic portosystemic
shunts (TIPS) and extracorporeal albumin dialysis (ECAD) have

715

given encouraging results but experience is extremely limited.
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