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ABSTRACT

Hepatorenal syndrome (HRS) is diagnosed in individuals who have no etiologic factors for the development

of renal disease other than the chronic decompensated liver disease (DLD). HRS represents the end stage of a
series of reductions in renal blood flow caused by progressive severe liver injury. HRS is a strong indicator of
morbidity and mortality in these patients. A specific treatment approach for HRS is not available because the

mechanisms underlying the development of renal dysfunction are not clear. Because of the severe circulatory
abnormality and portal hypertension in the background of the clinical aspect, HRS is the most life-threatening

entity in DLD patients with acute renal dysfunction.
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ETIOPATHOGENESIS

The relationship between liver disease and renal failure
has been known for more than a hundred years (1-3).
Flint noted that in most cases of renal failure in cirrhosis,
no significant histologic changes were found in the
kidneys at autopsy (3). Hecker and Sherlock in 1956
noted progressive oliguria, very low urinary sodium
excretion, and hyponatremia and described nine patients
with liver disease in the absence of proteinuria and renal
failure (4). In addition, it was found that renal failure
was functional in these patients and other patients with
chronic renal failure. In these patients, renal failure
improved after treatment with liver transplantation.

In 1996, the International Acid Club defined the
definition and diagnostic criteria for HRS, and the
term is generally accepted for functional renal failure
that develops in patients with DLD (1-5). Patients
who develop HRS are usually patients with DLD,
severe alcoholic hepatitis, or less commonly, patients
with portal hypertension due to metastatic tumors and
fulminant liver failure from any cause (6-8). Portal
hypertension in patients with cirrhosis causes numerous
complications. It has been reported that splanchnic
vasodilation resulting from portal hypertension plays an
important role in renal injury. One of themost important
mechanisms is the increase of vasodilators such as nitric
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oxide in the splanchnic circulation (6,9,10). As cirrhosis
decompensates, there is a progressive increase in cardiac
output and a decrease in systemic vascular resistance.
The second change is thought to be due in part to
hypotension-induced activation of the renin-angiotensin
and sympathetic nervous systems (7,11) (Figure 1).

Bacterial translocation from the intestine to the
mesenteric lymph nodes may play an important role in
this process (Figure 1) (12-15).

EPIDEMIOLOGY and CLINICAL
MANIFESTATIONS

Incidence of HRS, in a prospective study of 229 patients
without renal failure with DLD and ascites: HRS
developed in 18 percent and 39 percent of patients at one
and five years, respectively. Patients with hyponatremia
and high plasma renin activity were found to be at the
highest risk (12). Usually, HRS develops in patients
with advanced cirrhosis, so patients experience other
manifestations of chronic liver disease such as jaundice,
clubbing, palmar erythema, gynecomastia, temporal
wasting, and spider nevus. Also, other clinical features
include splenomegaly, bleeding tendency, hepatic
encephalopathy, edema, and ascites. Patients usually
have lower arterial blood pressure and wider pulse
pressure.
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Figure 1. Pathogenesis of ascites and related complications of cirrhosis (adapted from reference 14), AQP2;

Urinary output is greatly reduced, especially in type 1
HRS. HRS rarely occurs in patients with early and well-
compensated disease. The risk of HRS is increased in
patients with refractory acid, defined as unresponsiveness
to high-dose diuretics (spironolactone 400 mg daily and
furosemide 160 mg daily) (1,5).

DIAGNOSIS

HRS is characterized by the following features in a
patient with DLD (acute or chronic liver disease) (Table
1). Many patients with HRS are nonoliguric (especially
early in the course of the disease) (6-8).

Table 1. Characteristic of hepatorenal syndrome

»  Progressive increase in serum creatinine

»  Usually normal urine sediment

» No or little proteinuria (less than 500 mg per day)

»  Low sodium excretion rate (urine sodium concent-|
ration is often less than 10 mEq/L)

»  Nonoliguria or oliguria depending on its severity
and duration

Two forms of HRS have been described, depending on
the rate of decline in renal function (5);

1.Hepatorenal Syndrome Type 1 (HRS-AKI): This
more severe form of HRS is traditionally referred to as
hepatorenal syndrome - acute kidney injury (HRS-AKI)
or type 1 HRS. It is defined as at least a twofold increase
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in serum creatinine (sCr) (reflecting a 50 percent
decrease in creatinine clearance) to a level greater than
2.5 mg/dL in less than two weeks. GFR is usually less
than 20 mL/min. Median survival is less than 2 weeks,
and virtually all patients die within 8-10 weeks of the
onset of renal failure.

2.Hepatorenal syndrome type 2 (diuretic-resistant
acid): Type 2 HRS is defined as milder renal dysfunction
than is observed in type 1 HRS. The main clinical
feature in patients with type 2 HRS is ascites resistant to
diuretics. Patients have a longer median survival time of
approximately 6 months.

HRS is a diagnosis of exclusion, meaning that patients
with DLD must be shown to have no acute or subacute
renal injury before the diagnosis of HRS is made. The
onset of renal failure is usually insidious, but can be
HRS triggered by a bacterial infection (e.g., spontaneous
bacterial peritonitis) or gastrointestinal bleeding. At
HRS, renal dysfunction may be much more severe than
the sCr value suggests. Creatinine is the most practical
and common marker for the assessment of renal
function. However, assessment of renal function by sCR
in cirrhosis is limited because of low muscle volume
and impaired formation of creatinine from creatine
(synthesized by the liver) in muscle cells and dilute sCr
due to excessive water accumulation (16). Because there
are several underlying conditions that falsely contribute
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to low sCr concentrations in patients with cirrhosis, even
in the presence of moderate to severe renal dysfunction,
creatinine-based methods often lead to overestimation
of true GFR. Even in the presence of moderate to
severe renal dysfunction, creatinine-based methods
overestimate true GFR by 95% in patients with cirrhosis
in published studies (16,17). Therefore, the introduction
of a fixed threshold for sCr of 1.5 mg/dl in patients with
cirrhosis may not be accurate (5,18). However, this
definition may also strongly explain the mortality of
cirrhotic patients who die in hospital (19,20).

The Kidney Disease Improving Global Outcome
(KDIGO) proposed the acute kidney injury (AKI)
criteria by combining the parts of the Acute Dialysis
Quality Initiative group for the risk, injury, failure, loss
of renal function, and end-stage renal disease criteria
(RIFLE) and the Acute Kidney Injury Network group
(AKIN) for the AKIN criteria (Table 2) (21-23).

Cirrhosis and its complications are summarized in
Figure 1. Portal hypertension, splanchnic vasodilation,
and bacterial translocation are considered the most
important pathogenesis factors. One of the complications
that develop at the end of this complex cascade is the
formation of HRS (15).

DIFFERENTIAL DIAGNOSIS

The diagnosis of HRS may be made after other causes
of acute or subacute renal injury have been excluded.
For example, both glomerulonephritis and vasculitis
can occur in patients with liver disease and should be
suspected in patients with active urinary sediment. Most
patients with liver cirrhosis due to obesity with fatty liver
have diabetes and may develop diabetic nephropathy. A
prospective study examining 562 patients with cirrhosis
and renal dysfunction at a single center found that HRS

occurred less frequently than prerenal or infection-
related renal damage (13%, 32%, and 46%, respectively)
(24).

Patients with DLD may develop acute tubular necrosis
(ATN) if aminoglycoside therapy, radiocontrast agent
therapy, sepsis, or hypotension are present. Suspicion of
ATN arises from the history and the rapid rise in sCr
as opposed to the normally gradual rise in HRS (5).
Some of the conventional laboratory methods used to
differentiate between prerenal disease and ATN may
not be helpful in patients with cirrhosis. For example,
it is associated with fractional sodium excretion of
more than 2 percent in ATN and granular and epithelial
cells in urinary sediment. On the other hand, in patients
with cirrhosis who develop ATN due to renal ischemia,
fractional sodium excretion may remain below 1%.

It can be difficult to distinguish hepatorenal syndrome
from prerenal azotemia. In patients with cirrhosis, the
prerenal disease may be precipitated by gastrointestinal
fluid loss, bleeding, or treatment with a diuretic or
nonsteroidal anti-inflammatory drug. (6,25)

Beta-blockers are used to prevent varices in patients with
DLD. However, these agents can be dangerous in patients
with ascites and hypotension, and their discontinuation
can lead to the resolution of the overt HRS (26).

TREATMENT

The most important thing in the treatment of HRS; is
the normalization of liver functions, i.e., the treatment
of DLD. The ability to avoid alcohol in patients with
alcoholic liver disease and HRS improves with follow-
up of patients with chronic hepatitis B with antiviral
treatments is remarkable (27,28). HRS hepatitis B,
especially type 1, was considered a rapid and fatal
complication of DLD if liver transplantation could not
be performed immediately. Fortunately, as knowledge

Table 2. KDIGO, RIFLE, and AKIN AKI diagnostic criteria

RIFLE AKIN

KDIGO Urine Uutput

Risk: sCr increase; 1.5- to 2-fold from baseline
or GFR decrease > 25%
within 48 h

Stage 1: sCr increase 1.5-1.9 times
from baseline or > 0.3 mg/dl increase

Stage 1: sCr increase x 1.5 |<0.5 ml/kg/h for 6-12h

baseline or GFR decrease > 25%

Injury: sCr increase; 2.0-2.9 times from

baseline or GFR decrease > 50% from baseline

Stage 2: sCr increase > 2- to 3-fold

Stage 2: sCr increase x 2 from
baseline or GFR decreased >50%

< 0.5 ml/kg/h for 12 h

Failure: sCr increase; > 3 times from baseline
or GFR decrease > 75% or sCr >4 mg/dl

Stage 3: sCr increased > 300% (>3-
fold) from baseline, or > 4.0 mg/dl
with an acute increase of > 0.5 mg/dl
or on renal replacement therapy

Stage 3: Increase x 3 from
baseline or sCr > 4 mg/dl) with
an acute rise > 0.5 mg/dl or GFR
decreased > 75%

< 0.3 ml/kg/h for 24 h or
anuria for 12 h

Loss:Persistan Acute Kidney Failure: Complete
loss of kidney function > 4 weeks

ESKD: End-stage kidney disease (complete
loss of kidney function > 3 months)

sCr; serum creatinine, KDIGO; Kidney Disease Improving Global Outcomes, RIFLE; The Risk, Injury, Failure,

Loss, End-Stage, AKIN; Acute Kidney Injury Network
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of the pathogenesis increased, medical treatments
were discovered that improved short-term outcomes.
In addition, new pharmacological treatments have
been developed that improve the feasibility of liver
transplantation in eligible patients with HRS (1).

Numerous pharmacological agents have been tried for
the treatment of HRS. The use of renal vasodilators
(dopamine and prostaglandin analogues) cannot be
used because of insufficient data to confirm their side
effects and benefits. They are the best pharmacological
treatment today, as studies with systemic vasoconstrictors
have confirmed a beneficial role at HRS. They were
first used in 1998, and their effect is to improve renal
function by suppressing arterial splanchnic vasodilation
and activating the endogenous vasoconstrictor system
(29,30).

Ifshort-term improvementin liver functionis notpossible,
drug treatment should be initiated to try to reverse the
acute renal injury associated with HRS. In general,
patients who are not candidates for liver transplantation
are not followed up in the ICU. Type 1 HRS commonly
develops in patients with DLD but can also occur in
patients with acute liver failure. Fluid intake, blood
chemistry, and urine output must be monitored closely.
In case of dilutional hyponatremia, a fluid restriction of
1 liter per day is recommended (31). The use of diuretics
in HRS can lead to electrolyte imbalance (hyperkalemia
and hyponatremia) and therefore requires very careful
evaluation. Patients with type 2 HRS usually have a
milder course and can be treated as outpatients.

All antihypertensive agents, including beta-blockers,
should be discontinued in patients with HRS. In
patients with HRS, treated in the intensive care unit,
norepinephrine with albumin is recommended as initial
therapy. Norepinephrine is given intravenously as a
continuous infusion (0.5 to 3 mg/hour) to increase mean
arterial pressure by 10 mmHg, and albumin is given
as an intravenous bolus (1 g/kg per day). Intravenous
vasopressin may also be effective, starting at 0.01 units/
min and titrated as needed to increase mean arterial
pressure.

Combination therapy with terlipressin and albumin is
recommended for HRS patients who are in the intensive
care unit. Terlipressin is administered as an intravenous
bolus (1 to 2 mg every four to six hours) and albumin is
administered as an intravenous bolus (1 g/kg per day).

In cases where terlipressin therapy is not possible, a
combination of midodrine, octreotide, and albumin may
be used as initial therapy. Midodrine is given orally
(starting at 7.5 mg, increasing to a maximum of 15 mg
orally three times daily at 8-hour intervals), octreotide
is given either as a continuous intravenous infusion (50
mcg/hour) or subcutaneously (100 to 200 mcg daily),
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and albumin is given as an intravenous bolus (1 g/kg per
day) for two days, then 25-50 g per day until midodrine
and octreotide treatment are discontinued.

In selected patients who do not respond to medical
treatments, a transjugular intrahepatic portosystemic
shunt (TIPS) can sometimes be successful. However,
complications associated with TIPS can occur:
increased rate of hepatic encephalopathy, deterioration
worsening of liver function, renal injury associated with
intravenous contrast, and bleeding complications after
the complication of procedure (32). For this reason, some
clinicians prefer dialysis as the first choice, especially
in patients whose sCr remains above 1.5 mg/dL despite
medical treatment. Patients with HRS, who develop
renal failure, can be treated with renal replacement
therapy (hemodialysis or continuous venovenous
hemofiltration). In two retrospective studies, 30-50%
of transplant candidates who developed acute kidney
injury and required dialysis survived following liver
transplantation (33,34).

In patients with HRS, acute renal injury is expected to be
treated with drug therapy or TIPS. In addition, treatment
with norepinephrine, terlipressin, or midodrine plus
octreotide aims to increase mean arterial pressure by
approximately 10 to 15 mmHg. A systematic review
of 501 patients with HRS from 21 studies found a
significant association between the increase in mean
arterial pressure caused by these vasoconstrictors and
the decrease in sCr (35).

Liver transplantation or dialysis treatment is
recommended in patients who do not respond to the
treatments listed above, whose kidney functions do not
improve, and who are candidates for liver transplantation
(36,37). The most common liver transplantation
indication is DLD, followed by hepatocellular carcinoma
and acute liver failure (38,39).

In the 10-year follow-up of 62 patients who underwent
liver transplantation due to type 1 HRS, in a single
center; While the mean sCr was 3.4 mg/dL before
transplantation, it was determined that HRS improved
(sCr<1.5 mg/dL) after transplantation and the number
of patients who did not need dialysis was 47 (76%).
The remaining patients either died or required chronic
dialysis (40).

Administration of albumin in patients with spontaneous
bacterial peritonitis may prevent the development of
HRS, and in patients with acute alcoholic hepatitis, the
use of pentoxifylline, a TNF inhibitor, has been shown
to reduce the incidence and mortality of HRS compared
to the control group (19,41).

Medications such as misoprostol, N-acetylcysteine, and
angiotensin-converting enzyme inhibitors have been
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tried for the treatment of HRS. No significant treatment
response associated with these treatments has been
obtained, so they are not recommended. In rare patients,
a peritoneovenous shunt is used. Peritoneovenous
shunt is the treatment method that provides drainage of
ascites from the peritoneum to the internal jugular vein.
This therapy has been used in patients with refractory
ascites and renal failure due to HRS. In addition, the
increase in fluid return to the systemic circulation with
shunt therapy may lead to a decrease in the activity of
sodium retention and vasoconstrictive mechanisms, and
a moderate increase in GFR, respectively (42).

PROGNOSIS

HRS is a life-threatening complication of DLD.
The mortality of patients with liver failure increases
significantly if HRS develops. Untreated or unresponsive
to treatment, most patients die within weeks of the
onset of renal dysfunction. In contrast, some patients
with HRS can have their kidney and liver dysfunctions
returned to normal with medical, surgical (TIPS, shunt)
or liver transplantation (43).

With increasing knowledge of liver cirrhosis,
portal hypertension, ascites, as well as HRS, new
pharmacological treatments such as terlipressin and
albumin administration have proven beneficial in
improving the short-term outcomes of HRS. Future
treatment of HRS will likely target multiple aspects of
the pathophysiological process (1).

Liver transplantation is the definitive treatment for
HRS. However, type 1 HRS is an emergency and many
patients may die before surgery, as they have a short
survival time versus a long waiting time in most centers.
If liver transplantation is feasible, the probability of
3-year post-transplant survival in HRS patients treated
with terlipressin and albumin is similar to that of patients
with cirrhosis without HRS (44).

In a prospective study of 272 patients with cirrhosis;
Acute kidney disease developed in 80 patients (29%)
within five years. Of these, 42 patients (52%) recovered,
and 16 (38%) of these patients had relapsed acute kidney
disease. Of all patients, 11 patients with acute kidney
disease (14%) progressed to chronic kidney disease and
36 patients (45%) died (45).

CONCLUSION

HRS is an important cause of morbidity and mortality
in patients with chronic liver disease. In cases of renal
failure that may develop in these patients, HRS should be
kept in mind in the differential diagnosis. HRS treatment
can be performed medically (such as terlipressin and
albumin), through dialysis, and surgically (including
liver transplantation) with success. Therefore, early
diagnosis and treatment are very important for the
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prognosis of the disease.
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