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A 65-year-old man with cirrhosis secondary to chronic alcohol 
use, decompensated by ascites and prior variceal bleeding 
presents to the hospital with confusion. His home medications 
are furosemide 80 mg/day, spironolactone 200 mg/day, nadolol 
40 mg/day and a multivitamin. There is no history of recent 
non-steroidal anti-inflammatory drug use. On examination, 
heart rate is 110 beats/minute, blood pressure is 85/40 mmHg, 

and temperature is 37 ℃. Ascites (shifting dullness), asterixis 
and bilateral lower extremity edema are noted. A large area 
of erythema and increased warmth is noted in the left lower 
extremity. Laboratory studies show that serum creatinine level is   
2.3 mg/dL, serum sodium is 126 mEq/L, total serum bilirubin  
is 3.2 mg/dL and international normalization ratio (INR) is 1.8. 
Creatinine 3 weeks ago was 1.0 mg/dL.
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Abstract: Hepatorenal syndrome (HRS) is a life-threatening complication of cirrhosis and represents 
further decompensation in patients with ascites. HRS, a type of pre-renal kidney injury, is result reduced 
blood flow to the kidney due to progressive splanchnic vasodilation, triggered by portal hypertension. Any 
factor that decreases effective arterial volume such as intravascular volume depletion (excessive diuresis or 
gastrointestinal bleeding), excessive vasodilation (use of beta blockers or nitrates, large volume paracentesis) 
or a systemic inflammatory response (infection) can precipitate HRS. While circulatory changes are the main 
pathophysiological basis of HRS, structural injury due to systemic inflammation, oxidative stress and bile 
salt related tubular damage may co-exist, making it difficult to differentiate HRS from acute tubular necrosis 
(ATN). Early diagnosis, by exclusion of other etiologies of acute kidney injury (AKI) and early initiation 
of treatment with vasoconstrictors such as terlipressin or norepinephrine and albumin, is critical to reverse 
kidney injury before permanent damage sets in. Albumin should be used judiciously with close monitoring 
for respiratory distress. Efforts in establishing diagnosis should be accompanied by treating the precipitating 
cause such as infection or gastrointestinal bleeding, among others. There is no clear evidence to guide 
decision to start dialysis. This requires multidisciplinary consensus from hepatologists, nephrologists, critical 
care specialists and the patient and their family. Liver transplantation in the definitive treatment for HRS 
and treatment for HRS and dialysis are often a bridge to transplantation. If liver transplantation or dialysis 
are not an option, palliative care should be considered. This review article aims to provide a practical primer 
to diagnosis and management of HRS using a simulated case to guide the discussion.
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Does this patient have hepatorenal syndrome 
(HRS)? 

This patient has acute kidney injury (AKI) as defined by 
increase in serum creatinine by ≥0.3 mg/dL (within 48 hours) 
or percentage increase in 50% from baseline (1,2). AKI 
is common in hospitalized patients with decompensated 
cirrhosis and ascites and is associated with severe morbidity 
and mortality (3). HRS-AKI (formerly known as HRS-
type 1) is a type of AKI seen exclusively in patients with 
cirrhosis and ascites, but it is not the only type of AKI that 
these patients can have. Up to half the patients can have 
AKI due hypovolemia. Acute tubular necrosis (ATN) is seen 
in up to one third of patients. A small group of patients 
may have AKI due to other intrinsic causes (e.g., bile cast 
nephropathy, glomerulonephritis, contrast nephropathy) 
or post-renal obstruction. The rest of the patients, who 
do not respond to volume expansion and do not have any 
intrinsic renal or post -renal injury, are diagnosed with 
HRS-AKI (2,3). This patient does not have HRS-non-AKI 
(formerly known as HRS-type 2) which is slow progressive 
form of renal injury seen in patients with diuretic refractory 
ascites and has no specific precipitating factor. For easier 
readability, HRS-AKI will be referred to as HRS in the rest 
of the article.

Management of AKI in cirrhosis should be systematic 
and swift as early diagnosis and treatment are critical for 
better outcomes (4). To diagnose HRS (I) other causes of 
AKI should be ruled out; (II) kidney function should not 
improve with intravenous volume expansion with albumin  
(1 g/kg per day for 48 hours) and withdrawal of diuretics 
(2,5). In addition, simultaneous, prompt investigations 
should be conducted to determine and resolve precipitating 
factors (2,5). Figure 1 summarizes the approach to diagnosis 
and management of AKI in patients with cirrhosis.

What factors can precipitate AKI in this patient?

Most cases of AKI in decompensated cirrhosis with ascites 
are pre-renal caused by hypovolemia or HRS. They 
represent the perturbation of existing hemodynamic 
abnormalities which is characterized by splanchnic and 
systemic vasodilation. Vasodilatation leads to decrease in 
effective arterial volume and activation of vasoconstrictor 
and anti-natriuretic neurohumoral systems (the renin-
angiotensin-aldosterone system and sympathetic nervous 
system), which in turns leads to sodium and water retention 
and a hyperdynamic circulation. Progressive vasodilation 

can cause renal vasoconstriction and decrease in renal 
blood flow leading to development of HRS. Any factor that 
decreases effective arterial volume such as intravascular 
volume depletion (e.g., excessive diuresis or laxative use,  
gastrointestinal bleeding, large volume paracentesis), 
excessive vasodilation (use of beta blockers or nitrates, 
large volume paracentesis) or a systemic inflammatory 
response (e.g., infection) can precipitate AKI and HRS. A 
comprehensive infectious work-up including a diagnostic 
paracentesis is imperative. Elevated INR should not 
prevent a diagnostic paracentesis. In an American study 
of patients with infection related acute on chronic liver 
failure (defined as two or more organ failures in patients 
with decompensated cirrhosis), the commonest infections 
were urinary tract infection and spontaneous bacterial  
peritonitis (6). About 10% of the patients had soft tissues 
infections (6). This patient has clinical signs of cellulitis 
which is likely to be the precipitant of AKI.

The patient is admitted to the step-down unit and undergoes 
infectious work-up with blood cultures, urinalysis, urine culture, 
chest X-ray and diagnostic paracentesis. Diuretics and beta-
blockers held. The edges of the red and warm area on the left shin 
are marked as there is high suspicion for cellulitis. A diagnostic 
paracentesis rules out spontaneous bacterial peritonitis. A urine 
test, obtained by straight catheterization is not suggestive of 
a urinary tract infection. Urine sediment in bland. Renal 
ultrasonography is normal. Ceftriaxone and albumin (1 g/kg) 
are started. At 48 hours, creatinine is 2.4 mg/dL. The patient is 
awake and oriented and is very uncomfortable due to tense ascites.

What should be the next steps?

The patient now meets diagnostic criteria for HRS as other 
causes of AKI have been ruled out and as AKI did not 
resolve with albumin challenge. An expedited transplant 
referral should be considered (2,5) as HRS without liver 
transplantation is associated with poor survival (7,8). 
Renal function, including urine output should be closely 
monitored. A high index of suspicion should be maintained 
for additional infections which can worsen liver and renal 
function and eventually lead to multi-organ failure.

Vasoconstrictors and albumin are the mainstay of therapy 
and should be continued for 14 days or until creatinine 
returns to baseline (1,2,5). The most important positive 
predictor of response to pharmacologic treatment is lower 
baseline creatinine (9,10) and thus treatment should start as 
soon as HRS is diagnosed. 

The following vasoconstrictors can be used in HRS (Table 1):
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	 Terlipressin: terlipressin, a long-acting synthetic 
derivative of vasopressin, is the first line treatment 
for HRS and has been shown to be effective in 
reversing HRS (improvement in serum creatinine 
<1.5 mg/dL) in multiple clinical trials (2,5,11,12). 
Terlipressin is administered as an intravenous 
infusion at an initial dose of 2 mg/day that 
can be increased to 12 mg/day until creatinine 
decreases (13). Figure 2 shows an algorithm for 
administration of terlipressin. Though bolus dosing 
commonly used, there is some evidence to show 
that administration of terlipressin as an infusion 
(as compared to bolus dosing) has a more favorable 
side effect profile and can lead to a more sustained 

decrease in portal pressure (14). 
	 Norepinephrine: norepinephrine can be used instead 

of terlipressin and may be equally effective (15). As it 
requires close monitoring, patients are transferred 
to the intensive care unit (ICU). Norepinephrine 
is started at 0.5 mg/h and titrated to a maximum 
of 3 mg/h, with a goal of increasing mean 
arterial pressure by 10 mmHg or urine output of  
>200 mL/4 h (2). 

	 Octreotide and midodrine: octreotide and midodrine 
are often used in the non-ICU setting, where 
terlipressin is not available, as they do not require 
intensive monitoring like norepinephrine (16). 
Octreotide is administered subcutaneously at 100–

Hospitalized patient with cirrhosis (and ascites) with:
• ↑ in serum creatinine ≥0.3 mg/dL within 48 hours
• ≥50% ↑ in serum creatinine from baseline

Detailed history and physical to determine cause of AKI
Work-up: infectious work-up renal ultrasound, urinalysis, 
urine microscopy, NGAL

Serum 
creatinine 
>1.5 g/dL

Hold diuretics, vasodilators, ACE inhibitors, nephrotoxins 
Albumin 1 g/kg (maximum 100 g)/day × 48 hours

Hold diuretics, vasodilators, ACE 
inhibitors and nephrotoxins

Response

YesNo

No

Careful monitoring

Response

Meets clinical 
and diagnostic 

criteria for 
HRS

Yes

No

Like to be HRS-AKI 
Vasoconstrictor and albumin 

Treatment directed 
at cause of AKI

Yes

No

Yes

Figure 1 Approach to diagnosis and management of patients with cirrhosis and AKI. Early diagnosis and treatment of AKI in cirrhosis is 
critical for better outcomes. This figure shows the suggested approach for diagnosis and management AKI in cirrhosis in the first 48 hours 
of presentation. The focus is on simultaneous work-up to determine cause the AKI, withdrawal of diuretics, vasodilators, ACE inhibitors and 
other nephrotoxic agents and volume expansion with albumin. AKI, acute kidney injury; NGAL, neutrophil gelatinase associated lipocalin; 
ACE, angiotensin-converting enzyme; HRS, hepatorenal syndrome. 
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Table 1 Drugs, dosage and route, goal and side-effects of drugs used in management of HRS-AKI

Drugs Dosage and route Goal Side effects

Octreotide and 
midodrine

Octreotide: 100–200 µg every  
8 hours subcutaneously; midodrine: 
7.5–15 mg three times a day orally

Increase in MAP by 15 mmHg Mild and rare, transient decrease in heart rate 
and cardiac output, hypoglycemia

Noradrenaline 0.5 mg/hour titrated to 3 mg/hour 
(infusion)

Increase in MAP by 10 mmHg  
or increase in urine output by  
200 mg in 4 hours 

Bradycardia, cardiac arrhythmia, 
cardiomyopathy, peripheral vascular 
insufficiency, anxiety, transient headache, 
dyspnea

Terlipressin 2 mg/day titrated to 12 mg/day 
(infusion)

Improvement in serum  
creatinine to <1.5 mg/dL

Hyponatremia, abdominal ischemia, circulatory 
overload, myocardial ischemia, peripheral 
ischemia, skin necrosis, arterial hypertension, 
arrythmias and persistent diarrhea

HRS-AKI, hepatorenal syndrome-acute kidney injury; MAP, mean arterial pressure. 

Established diagnosis of HRS with creatinine >1.5 mg/dL

Terlipressin 0.85 mg IV bolus over 2 minutes every 6 hours*

Decrease in  
serum creatinine by 
<30% on day 4 and 

serum creatinine above 
baseline

No

Consider ↑ terlipressin to 1.7 mg IV 
bolus over 2 minutes every 6 hours

Continue terlipressin 0.85 mg IV 
bolus over 2 minutes every 6 hours

Serum creatinine  
≤1.5 mg/dL or at 

baseline for  
24 hours or 14 days  

of treatment

Stop treatment

No No

Yes

Yes

Figure 2 Algorithm for administration of terlipressin. *, terlipressin should not be started in patients with (I) severe cardiovascular disease 
such as unstable angina, pulmonary edema, congestive heart failure or symptomatic peripheral vascular disease; (II) serum creatinine  
>5 mg/dL; (III) acute on chronic liver failure stage 3 or greater; (IV) SpO2 <90%; (V) pregnancy. Patients on terlipressin should be 
constantly monitored for coronary ischemia and respiratory deterioration. These may require dose interruption or discontinuation. HRS, 
hepatorenal syndrome; IV, intravenous. 
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200 µg every 8 hours. Midodrine is given orally at a 
starting dose of 7.5 g three times a day and titrated 
up to a dose of 12.5 mg to achieve a 15 mmHg 
increase in mean arterial blood pressure (2). This 
regimen is less effective than terlipressin (17) and 
in clinical practice is noted to have poor response 
rates (18).

Albumin is an important adjunct to vasoconstrictor 
therapy and should be continued at 40–50 g/day (2). It 
expands volume, diminishes endothelial dysfunction, and 
improves cardiac inotropic effect by binding to vasodilators 
like nitrous oxide and other deleterious cytokines (19-21). 

In patients with tense ascites, intra-abdominal hypertension 
can adversely affect renal function (22,23). Reduction of intra-
abdominal pressure with paracentesis and albumin substitution 
has been shown to improve renal function by improving renal 
blood flow (23). Measurement of inferior vena cava diameter 
and inferior vena cava collapsibility index by point-of-care 
ultrasound can used to determine if the patient is fluid depleted 
or overloaded and thus guide paracentesis (24). As this patient 
is very uncomfortable, 5–6 L of ascitic fluid can be removed 
to provide comfort and potentially reduce intra-abdominal 
pressure. 

Early involvement of palliative care is recommended to 
set treatment goals and expectations (25). 

The patient remains in the step-down unit and is started on 
midodrine and octreotide. Albumin is continued at the dosage of 
50 g/day. Initially, there is a slight decline in creatinine. But, by 
day 5 of therapy, creatinine has risen to 3.2 mg/dL and urine 
output has fallen. Mean arterial pressures are low. The patient 
has also developed asterixis and has a new oxygen requirement 
at 2 L/min by nasal cannula. The patient is transferred to the 
ICU and started on noradrenaline. Transplant evaluation is 
ongoing. Infectious work-up is repeated. A chest X-ray shows signs 
of pulmonary interstitial edema. Examination of urine sediment 
reveals 3–4 granular casts and an occasional renal tubular 
epithelial cell per high powered field. Urine sodium is 20 mEq/L 
and fractional excretion of sodium (FeNa) is 0.5%. 

Does this patient have ATN?

Traditionally, AKI in cirrhosis was thought to be “structural” 
(such as ATN) or “functional” (such as hypovolemia or 
HRS). However, in reality, patients with decompensated 
cirrhosis and ascites can exhibit features of both structural and 
functional renal injury and these conditions can overlap (1).  
FeNa cannot be used to differentiate HRS from other 
causes of AKI in decompensated cirrhosis. FeNa is low 

(<1%) in HRS but can also be low in other etiologies of 
AKI in decompensated cirrhosis (26). Moreover, in this 
patient, FeNa cannot be used, as diuretic use would have 
affected sodium excretion, and hence FeNa. 

HRS can be difficult to diagnose. It is a diagnosis of 
exclusion as diagnostic algorithms are designed to rule out 
other causes of AKI. Diagnosis of HRS by these algorithms 
has not been validated against a gold standard such as 
kidney biopsy. Biomarkers such as neutrophil gelatinase 
associated lipocalin (NGAL) have a good performance to 
differentiate ATN from other causes of AKI, but may not be 
easily available (27,28). In addition, it is now recognized that 
“structural” or parenchymal renal injury is also a component 
of HRS and is caused by systemic inflammation, oxidative 
stress and bile salt related tubular damage (1). Thus, response 
to vasoconstrictors in pure HRS may be variable. 

The diagnosis of ATN has important implications for this 
patient. Dialysis should be actively considered as the next 
treatment option. This patient has also received overzealous 
albumin infusions, as evidenced by pulmonary edema. This 
is very common and can have deleterious effects in these 
critically ill patients (29). In the landmark multicenter, 
placebo controlled, double blind, CONFIRM trial, 
designed to confirm the efficacy and safety of intravenous 
terlipressin in the treatment of adult subjects with HRS, 
more patients in the terlipressin arm had respiratory failure, 
most likely due to overzealous use of albumin (18,30). 
Furthermore, the ATTIRE randomized controlled trial, 
which studied the utility of protocolized albumin infusion 
in hospitalized cirrhotic patients with normal creatinine 
in preventing a composite end point of infection, AKI, or 
death, showed that patients in the albumin arm were more 
likely to develop pulmonary edema (31). To prevent volume 
overload, point-of-care ultrasound can be used to guide fluid 
resuscitation, as described above (24). At the minimum, we 
recommend, albumin in divided doses over the day, with 
careful monitoring of respiratory status.

On day 6, the patient is in the ICU on a norepinephrine drip 
with minimal effect on serum creatinine and urine output. He is 
somnolent and has increased O2 requirement, now up to 4 L/min 
by nasal cannula. INR is 3.0. No infectious source has been found 
over the last 24 hours. The transplant team determines that the 
patient is not a good candidate for liver transplant, due to various 
reasons including comorbidities and lack of good social support. 

Should this patient be started on dialysis?

The use of dialysis as a treatment for HRS is controversial 
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as there is paucity of data to guide selection of patients 
and the timing of dialysis initiation. The decision to 
start (or not start) dialysis requires multidisciplinary 
consensus from hepatologists, nephrologists, critical care 
specialists and the patient and their family. Dialysis is 
often considered to be a bridge to liver transplant. But 
the 30-day transplant free survival in listed patients is 
25%, indicating the severity of underlying disease (32). In 
patients not listed for liver transplant, short term mortality 
rate is high (up to 85% by some estimates), with little 
chance of renal recovery and high risk of complications 
(32-34). In this patient, who has acute on chronic liver 
failure with multi-organ failure and is not listed for liver 
transplantation, the chances of survival and renal recovery 
are very low. 

After discussion with the family, dialysis was not initiated. The 
patient was eventually transitioned to comfort measures and died 
with family members at bedside.

Conclusions

HRS is a devastating complication of decompensated 
cirrhosis and has high morbidity and mortality. Early 
diagnosis and initiation of treatment with vasopressors 
and albumin, is critical to reverse kidney injury before 
permanent damage sets in. An evidence-based protocol 
for diagnosis and treatment has been associated with 
lower mortality, easier recognition, and earlier initiation 
of treatment. Institutional protocols may allow for earlier 
diagnosis and treatment initiation (35).

We now know that “structural” renal damage due to 
systemic inflammation, oxidative stress and cholemic 
nephropathy can co-exist with “functional” renal failure 
in HRS. Further research into these pathophysiological 
insights, to develop novel biomarkers for diagnosis and 
measuring treatment response and to identify targets for 
therapy is needed to improve outcomes in HRS.
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