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Abstract: The hepatorenal syndrome type of acute kidney injury (HRS-AKI), formerly 
known as type 1 hepatorenal syndrome, is a rapidly progressing renal failure that occurs in 
many patients with advanced cirrhosis and ascites. Accumulating evidence has led to a recent 
evolution of diagnostic criteria for this serious complication of end-stage liver disease. The 
aim of this review is to provide an overview of disease-related characteristics and therapeutic 
management of patients with HRS-AKI. Relevant literature was compiled to support discus-
sion of the pathophysiology, diagnosis, prognosis, associated conditions, prevention, treat-
ment, and management of HRS-AKI. Onset of HRS-AKI is characterized by sudden severe 
renal vasoconstriction, leading to an acute reduction in glomerular filtration rate and rapid, 
potentially life-threatening, renal deterioration. Although our understanding of disease patho-
physiology continues to evolve, etiology of HRS-AKI likely involves systemic hemody-
namic changes caused by liver disease, inflammation, and damage to renal parenchyma. 
There is currently no gold standard for diagnosis, which typically involves a clinical workup, 
abdominal imaging, and laboratory assessments. The current consensus definition of HRS- 
AKI includes proposed diagnostic criteria based on changes in serum creatinine levels 
tailored for high sensitivity, and rapid detection to accelerate diagnosis and treatment 
initiation. The only potential cure for HRS-AKI is liver transplantation; however, vasocon-
strictive agents and other supportive measures are used as needed to help maintain survival 
for patients who are awaiting or are ineligible for transplantation. The severity of HRS-AKI, 
complex pathology, limited treatment options, and range of associated conditions pose 
significant challenges for both patients and care providers. 
Keywords: ascites, hepatorenal syndrome, liver transplantation, cirrhosis, portal 
hypertension

Introduction
Hepatorenal syndrome (HRS) is a type of renal failure that can occur in patients 
with advanced cirrhosis and associated ascites, circulatory dysfunction, and acute 
liver failure.1,2 HRS is the only known renal failure exclusively caused by liver 
disease, distinguishing it from other renal conditions associated with liver failure 
such as prerenal azotemia and acute tubular necrosis.3

Until recently, HRS was categorized into 2 major types: the severe and rapidly 
progressing form of HRS (formerly called HRS type 1 [HRS-1]) marked by 
cirrhosis with ascites, and the milder, more slowly progressing form of HRS 
(formerly called HRS type 2 [HRS-2]) that is typically associated with refractory 
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ascites.2,4 Diagnostic criteria for acute renal failure in 
HRS-1 have evolved over time.2,4,5 Accumulating evi-
dence and advances in the field of nephrology prompted 
the International Club of Ascites to reclassify HRS-1 as 
the hepatorenal syndrome type of acute kidney injury 
(HRS-AKI) in 2015, and HRS-2 as HRS-NAKI (non- 
AKI) in 2019.5–7 The new definition of HRS-AKI 
removed prior criteria that required diagnosis to be estab-
lished at an advanced stage of acute kidney injury (AKI), 
facilitating an earlier diagnosis and initiation of treatment 
(Table 1).6 These new classifications have shown that 
HRS-AKI develops in 27% to 53% of patients with cir-
rhosis who are admitted to the hospital, and that in- 
hospital mortality and post-liver transplant mortality 
directly correlate with the severity of AKI.8 Although the 
new definition of HRS-AKI is likely to help improve 
patient care by accelerating diagnosis, treatment, and man-
agement, it also requires a shift in how we interpret his-
toric clinical and epidemiologic data based on the old 
definitions of HRS-1.

Disease Characteristics
HRS-AKI is associated with a high mortality rate7 and can 
occur due to a precipitating event like bacterial infection and/ 
or following acute liver injury stemming from causes such as 
alcohol abuse, drug use, hypovolemia from overuse of diure-
tics, and exacerbations of viral hepatitis.9 The cause of HRS- 
AKI greatly influences the outcome of the disease and is 
a factor for survival, with bacterial infections corresponding 
with the worst outcomes.8 While prevalence estimates for 
HRS-AKI vary widely, this condition has been reported to 

develop in up to 53% of patients with cirrhosis,7,8 compar-
able to prerenal azotemia and acute tubular necrosis, which 
have been reported to occur in up to 45% and 60% of patients 
with liver disease, respectively.7 HRS-AKI is characterized 
by rapid deterioration with little chance of spontaneous 
reversal of renal function;10,11 reversal can be possible if 
the condition is diagnosed and treated early, though the 
cirrhosis-induced renal dysfunction may not be reversible 
in many patients.2,7

Pathophysiology
The major pathological feature of HRS-AKI is extreme renal 
vasoconstriction secondary to portal hypertension (a charac-
teristic of advanced cirrhosis) that leads to a severe reduction 
in glomerular filtration rate (GFR).8,12 The precise pathophy-
siology is not completely understood,13 but the predominant 
theory is that systemic hemodynamic changes in liver disease 
(eg, portal hypertension and stress) and/or bacterial translo-
cation from the gut lead to vasodilator production and sub-
sequent splanchnic vasodilation (Figure 1).7,8,14 Systemic 
vasodilation, reduced peripheral vascular resistance, and 
splanchnic arterial vasodilation may also be facilitated and 
lead to a reduction in the circulatory volume, triggering the 
renin-angiotensin-aldosterone system, sympathetic nervous 
system, and arginine vasopressin release to restore circula-
tory volume.7,8,14 This, in turn, can cause extreme renal 
vasoconstriction, diminished blood flow, and sodium and 
water retention leading to ascites and hyponatremia.8,14

Although circulatory dysfunction has been theorized to 
be the cause of HRS-AKI for many years, accumulating 
evidence suggests systemic inflammation may also be an 

Table 1 The Current Diagnostic Criteria for HRS-AKI Compared with the Previous Definition for HRS-1

HRS-AKI HRS-1

● Diagnosis of cirrhosis and ascites
● Diagnosis of AKI according to ICA AKI diagnostic criteria
● No response at 48 hours of plasma volume expansion using 

albumin 1 g/kg of body weight and withdrawal of diuretics
● Absence of shock
● No current or recent use of nephrotoxic drugs
● No macroscopic signs of structural kidney injury defined as 

follows:

○ Absence of proteinuria (<500 mg/d)

○ Absence of microhematuria (<50 RBCs per high-power field)

○ Normal renal ultrasonography

● Diagnosis of cirrhosis and ascites
● Serum creatinine >1.5 mg/dL (>133 mmol/L)

○ Doubling of serum creatinine over 2.5 mg/dL in <2 weeks
● No improvement of serum creatinine (<1.5 mg/dL) after at least 2 days of 

diuretic withdrawal and expansion with albumin
● Absence of shock
● No current or recent use of nephrotoxic drugs
● Absence of parenchymal kidney disease, indicated by proteinuria (>500 mg/ 

day), microhematuria (>50 RBCs per high-power field) and/or abnormal 

renal ultrasonography

Note: Data from these studies2,5,6,14,81. 
Abbreviations: AKI, acute kidney injury; HRS-1, hepatorenal syndrome type 1; HRS-AKI, hepatorenal syndrome type of acute kidney injury; ICA, International Club of 
Ascites; RBCs, red blood cells.
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important contributor, likely arising from bacterial transloca-
tion and/or infection that trigger the release of proinflamma-
tory cytokines, such as tumor necrosis factor-alpha, 
interleukin 6, and interleukin 1-beta.6,15,16 Additionally, 
recent histological and biomarker studies revealed signs of 
structural changes in patients with HRS-1, such as chronic or 
acute tubular interstitial injury, glomerular or vascular injury, 
and biomarkers suggesting parenchymal damage.17–19 

Nonetheless, the precise mechanisms underlying HRS-AKI 
are yet to be determined.

Diagnosis of HRS-AKI
Currently, there is no gold standard test to diagnose HRS- 
AKI and, thus, it is primarily completed by exclusion of 
differential diagnoses, and generally involves a clinical 
workup, abdominal imaging (eg, kidney and/or liver ultra-
sound), and laboratory assessments.5,7 Primary causes of 
renal failure (eg, hypovolemia, infection, or nephrotoxins) 
and other renal diseases need to be excluded before the 
diagnosis of HRS-AKI can be made.9 It is particularly 
important to distinguish HRS-AKI from HRS-NAKI, 

HeartLiver KidneyGastrointestinal tract

Splanchnic arterial 
vasodilation

• High-output heart failure
• Cirrhotic cardiomyopathy

• Adrenal insufficiency• Advanced cirrhosis
• Portal hypertension

Vasodilator mediators 
(NO, CO, and
endocannabinoids)

• ↓ Cardiac output
• Hepatocardiorenal 

syndrome

Effective arterial
hypovolemia

↓ Vascular 
resistance

Activation of
vasoconstrictor factors
• RAAS
• SNS
• Release of AVP

Hepatorenal physiology:
• ↑ Renal vasoconstriction
• ↓ Renal blood flow
• ↓GFR

• Bacterial translocation
from the gut

Release of
proinflammatory 

cytokines (eg, TNF-α,
IL-6, and IL-1β)

Inflammatory 
response

• Systemic inflammation
• Circulatory dysfunction
• ↑ Sympathetic
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Figure 1 The multisystemic pathophysiology of HRS-AKI. Renal vasoconstriction is the key pathological mechanism associated with HRS-AKI. Patients with end-stage liver 
disease develop several multisystemic conditions that contribute to the development of AKI. Portal hypertension secondary to cirrhosis and subsequent vasodilator 
production leads to splanchnic arterial vasodilation. Additionally, high-output heart failure and cirrhotic cardiomyopathy lead to decreased cardiac output and hepatocar-
diorenal syndrome. The arterial vasodilation and decreased cardiac output together cause arterial hypovolemia and a reduction in circulatory volume, activating RAAS, SNS, 
and AVP release to restore circulatory volume. Alternately, in the gut, systemic inflammation secondary to bacterial translocation leads to the release of proinflammatory 
cytokines. The gastrointestinal and cardiac conditions combined cause increased renal vasoconstriction, decreased renal blood flow, and decreased GFR. This then leads to 
sustained vasoconstriction, tubular hypoxia, and AKI. Additionally, adrenal insufficiency can also lead to systemic inflammation, circulatory dysfunction, and sympathetic 
hyperactivity, further exacerbating acute kidney injury. 
Abbreviations: AKI, acute kidney injury; AVP, arginine vasopressin; CO, carbon monoxide; GFR, glomerular filtration rate; HRS-AKI, hepatorenal syndrome type of acute 
kidney injury; IL; interleukin; NO, nitric oxide; RAAS, renin-angiotensin aldosterone system; SNS, sympathetic nervous system; TNF-α, tumor necrosis factor alpha.

Clinical and Experimental Gastroenterology 2021:14                                                                           https://doi.org/10.2147/CEG.S323778                                                                                                                                                                                                                       

DovePress                                                                                                                         
387

Dovepress                                                                                                                                                                Chaney

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


which is observed in patients with chronic kidney disease 
(CKD) or in those with acute kidney disease that does not 
meet the criteria for HRS-AKI.6 The International Club of 
Ascites has proposed several iterations of diagnostic cri-
teria for HRS-1, and eventually HRS-AKI, which are 
provided in Table 1.5,14

The extreme renal vasoconstriction fundamental to 
HRS-AKI and subsequent reduction in GFR have 
informed the use of serum creatinine (SCr) as a key 
laboratory marker to diagnose and monitor patients.5 

Increasing knowledge about the disease process and con-
cerns about the use of SCr as a marker in patients with 
cirrhosis have resulted in several updates to the SCr 
thresholds used for diagnosis.5,6,20 The most recent recom-
mendations suggest that an absolute increase in SCr of 
≥0.3 mg/dL within a 48-hour period, or a ≥50% increase 
from the lowest SCr value observed over the prior 3 
months, should be used in the diagnosis of HRS-AKI. 
These criteria are considered as an improvement over 
previous criteria for defining renal dysfunction in HRS-1 
that required a doubling of SCr to >2.5 mg/dL within 2 
weeks. Greater sensitivity is afforded by removing the 
absolute value threshold in favor of dynamic changes 
that can be small (0.3 mg/dL) and over a longer period 
(3 months) to more rapidly identify and begin treating 
patients. The baseline period was extended to 3 months 
to prevent excessively high baseline values for patients 
who may initially present with advanced disease and 
allows the clinician to select an appropriate value over 
that time considering possible instability of repeated SCr 
measurements.6 Regardless of these advances, it is impor-
tant to understand that SCr levels are affected by multiple 
external factors (eg, decreased formation of creatinine 
secondary to muscle wasting or increased volume of 
distribution),21 and to remain aware of the limitations 
when assessing the changes in its value.7

Another update to the newest diagnostic criteria was 
the addition of a decrease in urinary output to ≤0.5 mL/kg 
body weight over 6 hours or more. However, there is 
a caveat that this should be limited to patients with 
a urinary catheter to ensure accurate measurements.6

Although not among the published diagnostic criteria 
for HRS-AKI, other laboratory markers may be more 
reliable than SCr to assess kidney function in patients 
with liver failure, such as inulin and iothalamate clearance 
to determine GFR,22,23 or direct assessment of creatinine 
clearance.20 However, these are not practical for everyday 
use owing to logistical and cost considerations and are 

urine-based tests that may be impractical in patients with 
low or no urine output.20

Prognosis
HRS-AKI is associated with reduced survival and an often- 
poor prognosis, contingent on the reversibility of kidney 
dysfunction and associated organ failures.3,8 Historic studies 
conducted in patients with HRS-1 revealed a median survival 
in the range of 1–4 weeks,11,24 with more-recent findings 
reporting a median survival rate of only 8–12 weeks, a low 
25% survival rate after 30 days, and a 90-day mortality rate 
of 57% for hospitalized patients.3,25 Mortality for patients 
with HRS-AKI is predicted through prognostic scores such 
as the Model for End-Stage Liver Disease (MELD), which 
uses SCr as a marker for renal function to determine liver 
transplant allocation.3 The presence of jaundice, hepatic 
encephalopathy, type of AKI, AKI stage at peak SCr value, 
SCr levels of >1.5 mg/dL, serum bilirubin level, serum 
glutamic oxaloacetic transaminase level, prothrombin time, 
International normalized ratio, Child-Turcotte-Pugh score, 
and MELD score have all been shown to be predictors of 
mortality in patients with cirrhosis and AKI.21

Prevention and Treatments for 
HRS-AKI
The goal of treatment for patients with HRS-AKI is perma-
nent restoration of liver and kidney function. Yet, consider-
ing the severity and complexity of the disease, realistic 
treatment goals for most patients are more likely to be 
composed of intermediate steps to help prolong survival 
and avoid irreversible renal damage, such as improving 
systemic macrovascular dysfunction (eg, improving mean 
arterial pressure [MAP]) or improving markers of renal 
function (eg, increased GFR).7,26 In patients with liver dis-
ease who are at risk for HRS-AKI, prevention may be 
achievable and should be considered, if possible. Once 
a diagnosis is established, early treatment should focus on 
identifying and treating reversible factors such as dehydra-
tion, use of nephrotoxic medications, infections, and gastro-
intestinal bleeding.27 Long-term recommended treatment 
approaches include avoidance of triggers that can cause 
further renal damage, liver transplantation, pharmacother-
apy, and renal replacement therapy.28

Prevention
In patients with cirrhosis and ascites who do not yet have 
HRS-AKI, medical management to prevent HRS-AKI is 

https://doi.org/10.2147/CEG.S323778                                                                                                                                                                                                                                  

DovePress                                                                                                                                

Clinical and Experimental Gastroenterology 2021:14 388

Chaney                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


focused on avoidance of renal toxins and other factors that 
are known to increase the risk for AKI. This includes avoid-
ing overuse of diuretics, avoiding nephrotoxic medications 
(such as nonsteroidal anti-inflammatory drugs, angiotensin- 
converting enzyme inhibitors and certain antibiotics [eg, 
fluoroquinolones, cephalosporins]), and preventing episodes 
of dehydration or hypovolemia.7,14 In addition, providers 
should monitor patients closely following large-volume 
paracentesis and provide appropriate doses of albumin for 
volume replacement.14 Infections should be identified early 
and treated promptly.14,29

For patients with cirrhosis and ascites with stage 1 
AKI, plasma volume expansion by albumin administration 
may delay or prevent disease progression. The recom-
mended therapy is albumin at 1 g/kg of body weight 
per day (up to 100 g per day), administered for 2 days 
and then reevaluated.5 Albumin administration is intended 
to help maintain or restore vascular tone to counteract 
macrovascular dysfunction associated with disease 
progression.30 However, albumin has other beneficial 
functions such as antioxidant activity, detoxification, main-
tenance of endothelial integrity, and anti-inflammatory 
properties.31 In addition to preventing HRS, albumin 
administration has been associated with improved survival 
in patients with cirrhosis and spontaneous bacterial 
peritonitis.32,33 Note that no response to albumin after 2 
days is a suggested criterion for diagnosis of HRS-AKI,6 

and if confirmed, albumin administration usually continues 
in combination with vasoconstrictor agents.

Pentoxifylline is a nonselective phosphodiesterase 
inhibitor that can reduce inflammation and induce 
vasoconstriction.34 In clinical trials, pentoxifylline pre-
vented HRS in some patients with cirrhosis, ascites, 
and creatinine clearance of up to 80 mL/min and has 
shown mixed results in studies assessing potential sur-
vival benefits in patients with severe alcoholic 
hepatitis.35–38 However, further investigation of treat-
ment with pentoxifylline in the setting of HRS-AKI is 
needed.14

Other steps to help prevent HRS-AKI include admin-
istration of prophylactic antibiotics to prevent bacterial 
infection, maintenance of proper fluid balance, and general 
supportive measures such as vital signs monitoring, stan-
dard liver and renal tests, and ongoing clinical 
assessment.1,8 Some patients with ascites may benefit 
from paracentesis (especially for tense ascites), and/or 
elimination of diuretics, maintaining electrolyte balance, 
and promptly treating infections.1,28

Transplantation
The most effective intervention and only potential cure for 
HRS-AKI is liver transplantation.7,28 Data suggest this 
approach induces HRS reversal in up to 70% of patients 
with HRS-AKI,39 but ≥30% of patients do not achieve full 
kidney recovery after transplant. The probability of HRS 
reversal after transplant may be reduced in patients who 
are older, have alcoholic cirrhosis, or receive an ineffective 
donor liver.40 Furthermore, not all patients with HRS-AKI 
are appropriate transplantation candidates, and donor 
organs are in very limited supply.41 Allocations for liver 
transplants are based on SCr levels factored into prognos-
tic measures such as the MELD score and the Chronic 
Liver Failure-Sequential Organ Failure Assessment 
(CLIF-SOFA).3

Pharmacotherapy
The use of vasoconstrictive drug therapy is the primary 
pharmacologic approach for the treatment of patients with 
HRS-AKI.28 Treatment with systemic vasoconstrictors has 
been shown to improve renal blood flow, likely through 
increasing effective intravascular volume and MAP, parti-
cularly in the splanchnic vasculature, and reducing renin- 
angiotensin-aldosterone and sympathetic nervous system 
activity.42,43 Vasoconstrictor therapy coadministered with 
albumin (1 g/kg per day) has been associated with reduced 
mortality compared with no treatment or albumin alone in 
patients with HRS.6

Terlipressin, a synthetic analog of vasopressin that acti-
vates vasopressin receptors to cause systemic vasoconstric-
tion, is considered a first-line therapeutic option in countries 
where it is available.28 Clinical data suggest that terlipressin 
plus albumin can restore renal function in up to 24–35% of 
patients and may improve transplant-free survival;44–48 

some, but not all, data reported to date suggest treatment 
with terlipressin may be associated with reduced 
mortality.44,46,47 Coadministration of albumin is recom-
mended for patients receiving terlipressin until total or 
partial response, or for up to 2 weeks.6 Terlipressin is not 
currently available in North America, but a large Phase 3, 
placebo-controlled study in North American patients with 
HRS-1 has been recently completed. Currently, the combi-
nation of midodrine (an alpha-1 adrenergic agonist that acts 
as a vasoconstrictor) plus octreotide (a somatostatin analog) 
is the most commonly used treatment for HRS-AKI in the 
United States.7,28 However, treatment with midodrine plus 
octreotide has shown marginal efficacy, and there are no 
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data from large-scale prospective controlled studies to sup-
port its use.7 Treatment with midodrine plus octreotide has 
been shown to be less effective than terlipressin for the 
treatment of HRS-AKI.49

Norepinephrine by continuous infusion can increase 
arterial pressure, reverse renal impairment, and improve 
short-term survival.50,51 In a recent trial, patients who 
responded to norepinephrine also showed a significant 
decrease in SCr and significant increases in creatinine clear-
ance and urine output.52 Availability and cost may drive 
norepinephrine use in some countries; however, use of 
norepinephrine may be limited by adverse effects and the 
need for central venous administration in an intensive care 
setting.28 Results from most of the comparative studies of 
norepinephrine versus terlipressin conducted to date have 
shown similar efficacy in patients with HRS-AKI.50,53–57

Transjugular Intrahepatic Portosystemic 
Shunt
Transjugular intrahepatic portosystemic shunt placement 
decompresses the portal system, enhances peripheral arter-
ial vasodilation in the short-term post-insertion, and can 
improve circulatory hemodynamics, renal function, and 
sodium homeostasis within several weeks after 
insertion.28,58,59 A recent meta-analysis determined that 
transjugular intrahepatic portosystemic shunt placement 
in patients with HRS-AKI had improved SCr levels, 
urine volume, and urinary sodium excretion; however, 
data are limited overall, and transjugular intrahepatic por-
tosystemic shunt may not be feasible in patients with 
severe liver failure or severe hepatic encephalopathy.28,59

Renal Replacement Therapy
Renal replacement therapy (RRT), including intermittent 
hemodialysis and continuous veno-venous hemodialysis,60 

is often required for renal failure in patients with AKI or 
CKD and is used as a bridge for patients scheduled to 
receive a liver transplant;27 sometimes, however, it is used 
for patients who are ineligible for a liver transplant and 
who have end-stage renal disease or do not respond to 
vasoconstrictors.28 The indications for RRT in patients 
with HRS-AKI are the same as that for any other cause 
of AKI,27 but routine use of RRT in patients with HRS- 
AKI is somewhat controversial because of the risk for the 
development of hemodynamic instability, coagulopathy, 
and thrombocytopenia; RRT may not provide incremental 
benefit in survival for those treated with vasoconstrictors 

and albumin.61 Also, the preferred mode of dialysis for 
patients with HRS-AKI remains unknown.27 No evidence 
exists to suggest RRT increases long-term survival without 
liver transplantation.14,62 Some patients with advanced 
renal disease may require dialysis, or need a kidney trans-
plant, which can be performed during a liver transplant if 
clinically indicated, or at a later date if the patient does not 
recover kidney function after the liver transplant.28,63 

Potentially serious treatment-related adverse events of 
RRT may be life-threatening in some patients and include: 
vascular-access failure or infection in patients using hemo-
dialysis (9.3% of all deaths); RRT complications in 
patients using hemodialysis or peritoneal dialysis (5.8% 
of all deaths); peritoneal infection in patients using perito-
neal dialysis (3.1% of all deaths); noncompliance in 
patients using any modality (4.0% of all deaths); and 
healthcare-associated infection in patients using any mod-
ality (9.6% of all deaths).64

Associated and/or Causative 
Conditions
Several other factors may contribute to or exacerbate vas-
cular changes likely fundamental to HRS-AKI.

Cardiomyopathy is common in patients with cirrhosis 
and can reduce cardiac output and contribute to hypovole-
mia and kidney dysfunction.14,65 Autonomic dysfunction 
and reduced baroreflex sensitivity are also observed in 
patients with advanced cirrhosis, which can also contribute 
to reduced cardiac output and altered hemodynamics.30,66

Adrenal insufficiency affects up to 65% of patients with 
decompensated cirrhosis and ascites7 and is associated with 
systemic inflammation, circulatory dysfunction, and 
increased sympathetic hyperactivity.67,68 Patients with this 
condition can experience impairment of circulatory function 
and reduced systemic blood pressure, which increases the 
risk of HRS-AKI and mortality.7,67

Ascites can lead to a range of complications such as 
intra-abdominal hypertension, abdominal compartment 
syndrome, increased renal vein pressure, and worsen-
ing kidney function.69 Large-volume paracentesis can 
lead to paracentesis-induced circulatory dysfunction, 
which involves increased renin activity and potentially 
contributes to systemic vascular dysfunction.7 

Treatment with intravenous albumin may reduce the 
risk of HRS in patients with paracentesis-induced cir-
culatory dysfunction.70,71 Spontaneous bacterial perito-
nitis (SBP) is common in patients with ascites and is 
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also considered a major precipitating factor for the 
onset of HRS-AKI. For some patients with advanced 
cirrhosis, HRS-AKI may be preventable with primary 
antibiotic prophylaxis.72 Treatment with albumin may 
also reduce the risk of HRS development and mortality 
in patients with ascites and SBP,32,73 but some studies 
do not support the use of albumin to reduce the risk of 
HRS in patients with sepsis.74,75

As mentioned above, certain drugs may also contribute to 
HRS-AKI onset. Excessive use of diuretics or nonsteroidal 
anti-inflammatory drugs may cause renal failure in patients 
with cirrhosis and use of nonselective beta-blocking agents, 
sometimes used for prophylaxis of variceal bleeding in 
patients with cirrhosis, is controversial and may increase 
the risk of HRS and mortality in some patients.28,76,77 

Current guidelines recommend that all of the above treat-
ments be discontinued or reduced in patients with cirrhosis 
who are at risk for HRS-AKI.6,28,76,78,79

Malnutrition is also common, affecting more than 50% 
of patients with decompensated liver disease.80 This can 
lead to loss of muscle tissue and fat deposits, and is 
associated with complications such as refractory ascites, 
SBP, HRS, and reduced survival.58,78,80 Current nutritional 
guidelines recommend that nonobese patients with chronic 
liver disease consume at least 35 kcal/kg/day (based on 
“dry weight” if ascites is present) and receive macro- and 
micronutrient supplementation as needed.80 Sodium 
restriction and diuretic use are common in the manage-
ment of ascites;28 yet, sodium restrictions must balance the 
potential for reduced palatability as even moderate sodium 
restriction is associated with reduced caloric intake and 
nutritional status.28,80 Therefore, guidelines suggest that 
dietary sodium restrictions remain between 1840 and 
2760 mg/day, and not below 1380 mg/day.28,80

Management
HRS-AKI is associated not only with a negative impact on 
patient survival and outcomes, but also with poor quality 
of life and high socio-economic burdens due to the health- 
care costs associated with necessary treatments.27

Patient Counseling in HRS-AKI
Because of the severe and multifactorial nature of HRS-AKI, 
clinicians, patients, and caregivers face a variety of issues 
related to the disease and its treatment. These include condi-
tions that may contribute to or arise from HRS-AKI, and/or 
could influence eligibility for, or effectiveness of, certain 
treatments. Patients and their caregivers need very specific 

guidance and education to remain actively engaged and 
acquire the knowledge needed to make informed decisions. 
Table 2 provides a summary of the common issues that 
patients and care teams coping with HRS-AKI take into 
consideration, as well as some of the actions and responsi-
bilities that can help improve outcomes and patient comfort. 
These cover medical issues in addition to broader themes 
regarding optimizing the patient experience. Overall, patients 
and care providers must remain vigilant, active, engaged, and 
flexible given the severity of HRS-AKI and the number and 
unpredictability of possible disease-related conditions. 
Effective counselling can help patients adhere to their care 
plan, which will likely include medications, dietary restric-
tions, persistent monitoring of signs and symptoms, and 
treatment from multiple providers. Potential barriers include 
gaps in insurance coverage, need for primary caregivers to 
maintain full-time employment to keep health-care benefits, 
lack of availability of a secondary caregiver, financial con-
cerns, and possible need for relocation to a medical center 
with a transplant center (often difficult for patients who live 
in remote, rural areas of the country).

Posttransplant Management in HRS-AKI
End-stage renal disease and CKD can develop in the post- 
liver transplant period and, thus, patients should be moni-
tored closely for risk factors.27 The risk factors for end-stage 
renal disease include calcineurin inhibitor nephrotoxicity, 
pre-existing HRS or renal insufficiency, and diabetes 
mellitus.27 Risk factors for CKD include episodes of acute 
renal failure, the use of RRT pretransplant and posttransplant, 
hepatitis C infection, and increasing age.27

Palliative Care in Patients Ineligible for 
Liver Transplant
Patients with HRS-AKI who are ineligible for a liver 
transplant have a high short-term mortality rate.27 In clin-
ical settings, these patients are rarely offered palliative- 
care consultations but generally experience poor quality of 
life, prolonged hospitalizations, and high financial 
burden.27 Consultations should be provided on a case-by- 
case basis when discussing long-term care options for 
these patients and their families.27

Financial Burden Associated with 
HRS-AKI
HRS is the leading cause of hospitalization for patients 
with chronic liver disease.25 As a disease in which 
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diagnosis is determined only by exclusion of other factors, 
often several procedures and medications are used before 
the diagnosis of HRS is reached, further increasing the 

overall cost of treatment.25 Significant cost drivers in this 
patient population include mortality, length of hospital 
stay, and administration of RRT, with an average total 

Table 2 Key Issues Requiring Patient Counselling in HRS-AKI

Issue Treatment Options and Role(s) of Clinical Staff Role of Patient and/or Caregiver

Ascites and/or fluid 
retention

● Advise dietary modifications, eg, sodium reduction to <2 g/24 h
● Withhold diuretics
● Therapeutic paracentesis to control volume/avoid tense ascites
● Antibiotic prophylaxis to avoid infections, especially for low-protein 

ascites fluid or history of prior SBP

● Check body weight daily; contact pro-
vider for rapid weight gain (eg, >5 lb in 

2 days)

Hepatic encephalopathy ● Treat triggering event (eg, infection, GI bleeding, kidney dysfunction)
● Prevent recurrence by reducing toxins; treat with lactulose and/or 

rifaximin

● Avoid dehydration
● Monitor for changes in personality/ 

behavior
● Treatment adherence

Esophageal varices/GI 

bleeding treated with beta 

blockers

● Eliminate beta blockers, if feasible ● Monitor for symptoms of recurrence

Diabetes ● Terminate oral hypoglycemic treatment and begin an insulin regimen
● Advise dietary changes to optimize blood sugar control (diabetic 

diet)

● Dietary adherence, sugar control

Malnutrition and/or debility ● Advise a high-protein diet
● Considerations for other dietary changes, such as diabetic diet, low 

sodium/fluid restriction (if ascites and/or hyponatremia), renal diet
● Nutrition consultation plus physical or occupational therapy to 

increase strength and reduce sarcopenia/malnutrition

● Attend nutritional consultation and 

regular follow-ups

Hyponatremia ● Monitor for hyponatremia
● Monitor for decline in kidney function/end-stage renal disease; initiate 

RRT
● Advise dietary changes, ie, fluid restriction or renal diet if applicable

● Attend nutritional consultation if advised
● Dietary adherence; fluid restriction
● Monitor urination; report reduced 

frequency

Hypotension ● Ongoing vigilance
● Modify treatment regimen as needed (ie, initiate midodrine in 

improve renal blood flow and pressure)

● Rigorous tracking of blood pressure and 

heart rate
● Medication adherence
● Prompt reporting of changes to clinical 

team

Polypharmacy ● Monitor prescriptions/treatments
● Vigilance for potential drug-drug or drug-food interactions

● Medication adherence
● Reporting of side effects

Overall patient care ● Nurse navigator/coordinator to advise patient and/or clinical team 
regarding changes in health status or treatments, especially starting/ 

stopping medications
● Patient/caregiver education on ways to prevent renal injury (ie, 

avoidance of certain medications, monitoring of weight fluctuations, 

noting if increase or decrease in urine output, minimize risk for 

dehydration or risk for infections)

● Engagement with treatment team
● Adherence to treatment regimen(s)

Abbreviations: GI, gastrointestinal; HRS-AKI, hepatorenal syndrome type of acute kidney injury; RRT, renal replacement therapy; SBP, spontaneous bacterial peritonitis.
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charge of $80,000–$90,000 per patient. Regardless of this 
high cost, however, only about 45% of patients with HRS 
experience an improvement in SCr levels of <20%, sug-
gesting a need for cost-effective and efficacious treatments 
for HRS.25

Conclusions
HRS-AKI is a severe, multi-organ disorder with 
a complex etiology. This condition is the culmination 
of liver failure that has progressed to the point of indu-
cing kidney failure as well, leaving patients in very poor 
health with limited treatment options. Liver transplant is 
the only curative treatment, but not all patients are 
appropriate candidates for liver transplant, and nearly 
one-third of patients who do successfully undergo the 
procedure fail to show improvement in renal function. 
Therefore, other therapeutic interventions are used. 
During the past decade, recommended criteria for defin-
ing renal dysfunction in HRS-AKI have evolved away 
from the use of a static threshold (doubling of SCr to 
≥2.5 mg/dL within 2 weeks) to use of a more dynamic 
definition (increase in SCr of ≥0.3 mg/dL over a 48- 
hour period or a ≥50% increase over a 3-month period). 
These changes facilitate earlier diagnosis and treatment 
of this condition and are likely to increase potential for 
improved patient outcomes. Vasoconstrictor-based treat-
ment has been shown to improve renal function in these 
patients and can help support survival until a liver trans-
plant is possible in patients awaiting a transplant. The 
complexity of this disease poses many challenges for 
patient care and presents opportunities for family and 
patient counselling to help maintain or improve patient 
health status while coping with this severe and debilitat-
ing condition.
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