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INTRODUCTION

The liver and kidney are two organs that play a major role in
corporal hemostasis. The firstis the cornerstone of the body’s
metabolic activities. The second is responsible for removing
waste products generated in the various metabolic cycles
of the organism, as well as for controlling the volume and
composition of the liquids in the different compartments.
(1) In some pathologies, functions of both organs deterio-
rate together. One of these is hepatorenal syndrome (HRS)
which is defined as reversible functional renal failure in the
absence of parenchymal renal disease. (1-4) It is known that
the development of HRS significantly increases the morta-
lity rate and the rate of complications after liver transplanta-
tion. For this reason, the MELD (Model for Endstage Liver
Disease) scale was developed, and began to be implemented
in 2002, to assess the severity of cirrhosis and prioritize
patients on the liver transplant list. (3, 4)

The term hepatorenal syndrome was first used in 1939 to
describe renal dysfunction that followed biliary surgery and
liver trauma. Then, between 1994 and 1996 a series of mee-

Hepatorenal syndrome is a form of renal dysfunction develops as a complication in patients with advanced
liver disease and in patients with acute liver failure. Significant alterations in renal blood flow lead to progres-
sively increasing levels of creatinine and to ascites. Currently, the best treatment option is liver transplantation
because options for treatment with drugs are very limited.
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tings in Chicago standardized nomenclature and proposed
diagnostic criteria for refractory ascites and HRS. In 2007, at
the fifty-sixth convention of the American Association for the
Study of Liver Diseases, a study group on to review previously
established diagnostic criteria for HRS was created. (5)

EPIDEMIOLOGY AND RISK FACTORS
Epidemiology

HRS occurs in about 10% of patients with advanced cirrhosis
and acute liver failure. (1-9) However, it has been established
that 18% of the patients with cirrhosis and ascites develop
the syndrome within one year and that 39% of these patients
develop it within five years. (3) The risk increases even more
among patients with refractory ascites. (10)

Risk Factors

«  Spontaneous bacterial peritonitis (SBP): Prophylactic
antibiotic therapy has been shown to be important
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for preventing kidney damage secondary to cirrho-
sis. Recent studies have shown that administration of
norfloxacin reduces the one year probability of HRS
(28% treatedg group versus 41% control group). (6)
Similarly, albumin management can be preventive ele-
ment for these patients. Studies have shown that SBP
patients who receive an albumin dose of 1.5 g/kg at the
time they are diagnosed with SBP and 1 g/kg on the
third day have 66% less incidence of HRS. (5, 7)

« Alcoholic hepatitis increases the risk of HRS, although
there is evidence that this can be reduced by using
drugs with hematologic effects rather than steroids. A
study in India has found that administration of pentoxi-
fylline 400 mg three times a day in patients with severe
acute alcoholic hepatitis was associated with decreased
incidence of HRS. (8)

+  Fulminant hepatic failure (9)

« Excessive diuresis (9)

« Large volume of paracentesis in the absence of albumin
type volume expanders (9)

«  Gastrointestinal hemorrhaging (9)

« Administration of contrast media (10)

« Nephrotoxic antibiotics (10)

« Nonsteroidal anti-inflammatory drugs (NSAIDs) (10).

PHYSIOPATHOLOGY

To understand HRS it is necessary to understand cirrhotic
disease and its key elements including the changes typical of
patients with cirrhosis, ascites, and portal hypertension. (11)

Cirrhosis is the final stage of all chronic liver diseases. It is
characterized by progressive distortion in hepatic architecture
and microcirculation. (12) It is a disease with many kinds of
etiologies including metabolic, toxic, infectious, autoimmune,
pharmacological, genetic, biliary, vascular and cryptogenic
etiologies. Nevertheless, the three main causes are alcohol
abuse, NAFLD and chronic viral hepatitis. (12-14)

Cirrhotic pathology begins with an asymptomatic phase in
which patients who have no other signs or symptoms may
develop portal hypertension and esophageal varices. (12,14-
16) As the disease progresses, portal pressure increases cau-
sing symptoms specific to this condition to develop. These
include complications like ascites, variceal bleeding, HRS
and/or hepatopulmonary syndrome, hepatic encephalo-
pathy and SBP. (12-18) Given the context of cirrhosis, we
can focus on the factors which have important roles.

Portal Hypertension and Ascites
Increased portal pressure leads to increasing production of

endogenous vasodilators such as nitric oxide (NO), car-
bon monoxide (CO) and cannabinoids which are released
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into splenic blood circulation where they in turn increase
local plasma volume. The end result is a rapid decrease
of mean arterial pressure. (19) To counter this, the body
increases the ejection fraction, releases vasopressin, activa-
tes the sympathetic nervous system, and activates endo-
genous vasoconstriction systems. These include the renin-
angiotensin-aldosterone system which causes vascular
contraction in the kidney which decreases the glomerular
filtration rate (GFR) and causes retention of both water
and sodium. (20) This explains the development of ascites
which favors bacterial translocation and promotes SBP and
HRS. (21,22). It is noteworthy that this translocation and
the resulting endotoxemia are responsible for stimulating
a proinflammatory response characterized by production
of cytokines such as tumor necrosis factor-alpha and inter-
leukin-6 which facilitate production of nitric oxide which
worsens vasodilation of the splanchnic bed. (3, 4)

Structural and Functional Changes in Cirrhotic Patients

There are many structural and functional changes that occur
in cirrhotic patients. They include cardiac hypertrophy, dias-
tolic dysfunction and decreased response to ionotropic and
chronotropic stimuli all of which are associated with lower
ejection fractions and thus with renal failure. (23-25)

Activation of vasoconstrictor systems to counteract
vasodilator stimulus is the main mediator of tubular dys-
function and renal hemodynamics. (26). This powerful
effect leads to renal ischemia which stimulates the release
of endothelin-1 leading to hyperactivity of the sympathetic
nervous system. All this creates a cycle that ends up aggra-
vating the GFR. (27,28) Decreased GFR is a late event
which occurs after other symptoms of HRS have develo-
ped. These include hyponatremia and ascites which have
been considered predictive markers that are independent
of creatinine (Figure 1). (29-32)

DIAGNOSIS

Until 2015, HRS diagnosis was established when a patient

met six criteria that had been revised in 2007. (3, 33)

1. Cirrhosis + ascites

2. Serum creatinine > 1.5 mg/dL

3. Lack of improvement in serum creatinine (<1.5 mg/
dL) after at least 2 days without diuretics and volume
expansion with 1 g/kg/day of albumin (maximum dose
100 g/day)

4. No shock

No current or recent treatment with nephrotoxic agents

6. Absence of renal parenchymal disease (proteinuria <
500 mg/day, microhematuria < 50 erythrocytes/high-
power field, normal renal ultrasound)

w
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Figure 1. Schematic of the pathophysiological process of hepatorenal syndrome. FE ejection fraction; IL-6: interleukin 6; MAP: mean arterial pressure;
SBP: spontaneous bacterial peritonitis; HRS: hepatorenal syndrome; SNS: sympathetic nervous system; RAAS: renin angiotensin aldosterone
system; TNF-a: tumor necrosis factor alpha.

Once the diagnosis is made, the type of HRS must be esta-
blished. (3,7, 33, 35)

.

Type 1 is rapidly progressive. Initial serum creatinine
doubles to more than 2.5 mg/dL in less than two weeks.
This generates profound circulatory dysfunction and
leads to dilutional hyponatremia. The one month sur-
vival rate is only 25% and the three month survival rate
is only 10% if the patient does not receive treatment.
Type 1 HRS can be precipitated by severe alcoholic

hepatitis, gastrointestinal bleeding, sepsis or infections
such as SBP.

Type 2 is characterized by being slowly progressive.
Initial serum creatinine increases to 1.5-2.5 mg/dL.
Patients survive for six to twelve months. Type 2 is
often associated with refractory ascites.

This year the International Club of Ascites (ICA) publis-
hed new criteria for diagnosis of acute kidney injury (AKI)
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in cirrhotic patients. The new criteria modify the standard

threshold for serum creatinine of 1.5 mg/dL which has

been used in recent years. Changes are related to two issues:

« Serum creatinine of 1.5 mg / dL requires a markedly
decreased GFR

« A fixed threshold does not take into account dynamic
changes in serum creatinine levels occurring days or
weeks prior to reaching the threshold which are neces-
sary for distinguishing between acute and chronic renal
damage. (34)

These issues were considered in the formulation of the new
diagnostic criteria for AKI in cirrhotic patients. Three stages
of disease progression were established, progression, res-
ponse to treatment and recommendations for early pharma-
cological management of this condition were given. (34)

Diagnosis

HRS should be diagnosed when there is an increase in
serum creatinine >0.3 mg/dL over a period of 48 hours or
an increase of more than 50% of the initial serum creatinine
(known or suspected) within a period of 7 days.

Stages

. Stage 1: Serum creatinine increases to 0.3 mg/ dL or
more or to more than 1.5 to 2 times baseline level.

« Stage 2: Serum creatinine increases to 2 or 3 times base-
line level.

« Stage 3: Serum creatinine increases to more than 3
times baseline level or to more than 4 mg/dL with
acute increase of at least 0.3 mg/dL or initiation of kid-
ney replacement therapy.

Progression-Regression: Progression is defined as increases
in patient stages and/or need for renal replacement therapy.
Regression occurs when the patient’s stage decreases.

Treatment Response

« No response: No regression of acute renal failure.

o DPartial response: Stage regression with serum creati-
nine reduction >0.3 mg/dL of baseline.

« Total response: Creatinine returns to within 0.3 mg/dL
of baseline.

It was determined that any measurement of serum creatinine

for the patient within the last 3 months may be used as the
baseline, but that if there are several measurements, the most
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recent prior to hospital admission should be used. If the

patient does not have prior baseline measurements, serum

creatinine measured at hospital admission should be used.
In this way, the previously used criteria of a fixed value
of serum creatinine levels over 1.5 mg/dL for diagnosis of

AKl in patients with HRS has been replaced in the new cri-

teria established by the ICA. On the other hand, the ICA

suggests that the old serum creatinine threshold of 1.5 mg/

dL should still be used to establish the prognosis of cirr-

hotic patients with AKI who are classified as stage 1. They

should be classified further into two subgroups. (34)

o DPatients whose serum creatinine levels upon hospita-
lization are below 1.5 mg/dL. The short-term morta-
lity rate for these patients is similar to that of patients
without AKI. They are also more likely to regress to a
lower stage of renal disorder.

« DPatients with serum creatinine levels above 1.5 mg/dL.
The short-term mortality rates is higher than that of
patients without AKL

TREATMENT

Despite advances of knowledge about HRS, the range
of therapeutic possibilities remains very limited. For the
moment, they are based on general recommendations,
pharmacological treatments, transjugular intrahepatic
portosystemic shunts (TIPS), liver transplantation and
following the directions proposed by the ICA.

General Recommendations (35)

o Restricting salt intake to 80-120 mmol/day

« Do not restrict fluid intake

« Remove identified nephrotoxic agents. If the patient is
using diuretics, it must be remembered that among their
adverse effects are renal failure, encephalopathy and
hyponatremia. If the latter occurs, the drug must always
be discontinued if serum sodium is less than 120 mEq/L.

o For Grade 1 or 2 ascites, doses of diuretics can be
increased to control the condition. (36) Clonidine can
be added to decrease the requirement for the diuretic
and to reduce the accumulation of ascitic fluid. (37)

«  For Grade 3 ascites and refractory ascites (no improve-
ment of ascites in response to high doses of diuretics),
the first line treatment is large-volume paracentesis (X>
S liters). The problem with this procedure is the risk of
HRS, so prevention using albumin infusion therapy to
replace 8 g/L extracted is required to increase renal per-
fusion pressure, improve creatinine levels and facilitate
the fractional excretion of sodium. (38)
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Recommendations proposed by the ICA for control
of AKI in Stage 1 Cirrhotic Patients (34)

o Assess medications used by patient and remove
nephrotoxic drugs such as NSAIDs, ACE inhibitors,
and A2RBs vasodilators. Diuretics can be reduced or
removed depending on the patient’s condition.

« Hypovolemia should be addressed by expanding
plasma volume with crystalloid or blood albumin. The
latter is used in cases of AKI secondary to gastrointes-
tinal bleeding.

« Control bacterial infections. If there are signs of SBP,
antibiotic treatment should be started, ideally together
with albumin infusions. (37, 38)

o DPatients whose response is total should be followed up
by measurement of serum creatinine every two to four
while hospitalized and every two to four weeks for the
first 6 months after discharge in order to identify any
new AKI episode. However, for those patients who do
not progress or have only partial response to treatment,
there is no consensus on management, so more studies
are needed.

Stages 2 and 3 Patient and Non-
responding Stage 1 Patients (34)

o Diuretics must suspended if they have not already been
suspended. Plasma volume must be expanded with 1g/
kg of intravenous albumin for two consecutive days
(maximum dose 100 g/day) to treat pre-renal AKI.

 Differential diagnosis is necessary especially if the
patient meets the diagnostic criteria for HRS. If the
patient does, treatment with albumin and a vasocons-
trictor (terlipressin ideally) should be initiated inde-
pendent of the serum creatinine level. If the patient
does not, seek the cause of AKI.

Liver Transplantation

Liver transplantation should be considered for all cirrhotic
patients with ascites, but especially for patients with refrac-
tory ascites since 50% of them die within 6 months and
75% within one year. Similarly, it should be considered for
patients with SBP and/or HRS when there is no currently
associated alcohol issue or malignant disease.
Transplantation has been shown to increase survival
times of patients. Currently MELD prioritizes patients on
the transplant list. (3 - S, 11). Although transplantation is
the treatment of choice for patients with HRS because it
reverses the disease, physicians should be aware that various
studies have shown that transplant patients with HRS prior
to the procedure have higher morbidity rates after surgery

that transplant patients who did not have HRS. Similarly,
these studies show that over a the five year period following
transplantation, the mortality rate was 32% for patients
with advanced liver disease and pre-renal dysfunction. (S,
11) The current recommendation is to perform simulta-
neous kidney transplant for all cirrhotic patients with AKI
3 classifications, patients with chronic kidney disease with
GFR less than 35 mL/min for more than 4 weeks, and
patients with AKI who have required dialysis for more than
8 weeks. (11-38)

Terlipressin

Terlipressin is an analogue of vasopressin which induces
vasoconstriction. It is believed to improve renal perfusion
in HRS because it reduces splenic vasodilation thus decrea-
sing renal flow. (39) Several randomized controlled clinical
trials have shown that it reverses HRS Type 1 resulting in
a slight reduction in short-term mortality. (39) In contrast,
renal failure returns in patients with Type 2 HRS once the
drug is stopped. For this reason, it has been proposed that it
be used in these patients only as a bridge to liver transplan-
tation. (36) Recent studies have shown that terlipressin can
be used in conjunction with albumin in patients with HRS
type 1 and associated sepsis, as this increases arterial blood
volume and preload. (40)

The ICA recommends that treatment with terlipressin
be started as soon as HRS is diagnosed. The recommended
initial dose is 1 mg every four to six hours. If serum creati-
nine does not decrease by more than 25% after two days of
treatment, the dosage should be doubled every 48 hours to
a maximum of 12 mg/day. The drug should be discontinued
serum creatinine does not decrease at least 50% after 7 days
of using the drug at high doses, or if serum creatinine levels
do not fall within the first 3 days. For patients who respond
immediately, treatment should be continued until reversal
of the syndrome or until a maximum of 14 days. (2) Up to
30% of patients present adverse effects from this drug, but
treatment should be discontinued for only the 4% of patients
with acute myocardial infarction or malignant arrhythmias,
both of which are absolute contraindications. (11)

Norepinephrine

Norepinephrine is a catecholamine that acts on adrenergic
receptors. It has proven to be as effective as terlipressin for
controlling HRS Type 1. A pilot study of treatment with
an infused dose of 0.5-3 mg/hour together with albumin
expansion has found results similar to those obtained with
terlipressin. (2) Nevertheless, this drug has more disadvan-
tages than does terlipressin which is why its use is reserved
for moments when terlipressin is not available. (11, 35)
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Midodrine and Octreotide

Midodrine is a prodrug that acts as a selective agonist at a-1
generating peripheral vasoconstriction and thereby increa-
sing blood pressure. Octreotide is a somatostatin analog
that acts as an inhibitor of secretion of peptides synthesi-
zed by the gastroenteropancreatic endocrine system which
reduces splenic blood flow. Two pilot studies have evalua-
ted treatment with octreotide and midodrine + albumin
infusion for managing HRS Type 1. The results show that
these drugs produce effects similar to those of terlipressin
but that the response is slower. It has been proposed that
this treatment be used for HRS Type 1 when terlipressin
is not available, but there is no consensus regarding the
dosage. (11) There has been less study of treatment of
Type 2 HRS with vasoconstrictors. All that is known from
studies that have been done is that, for most patients use of
terlipressin normalizes serum creatinine, but renal failure
returns when the medication is suspended. Further studies
are required. (11)

TIPS

Transjugular intrahepatic portosystemic shunt (TIPS) is
a procedure that creates a shunt between the portal and
systemic circulations by placing a stent between hepatic
vein and portal vein. This decreases portal pressure and
events that induce ascites. (11) This procedure is recom-
mended for patients with Type 2 HRS who are refractory
to treatment with diuretics. Studies have shown that its
use decreases the rate of recurrence of ascites and impro-
ves survival more than paracentesis to remove fluid. The
problem is that TIPS can cause heart failure and hepatic
encephalopathy, so its use is not free of complications. (11)
currently, TIPS is contraindicated in patients with chronic
encephalopathy, patients with Child-Pugh scores over 12,
patients over 70 years of age, and in patients with cardiac
dysfunction with ejection fractions below 50%. (11)

CONCLUSION

Day by day, cirrhosis has established itself as one of the most
prevalent pathologies in the world. Its many complications
claim the lives of increasing numbers of people every year.
One of these complications is HRS, which is observed in
10% of these patients and which indicates poor prognosis.
This year, the international association of ascites published
new criteria for diagnosis of acute renal failure in cirrhotic
patients. Publication of guidelines for management of these
patients that explain the pathology’s impact on morbidity
and mortality is expected. Despite the amount of research
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in this area, the range of therapeutic options is still very
small, so new studies are needed to develop other therapeu-
tic options to offer these patients.
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