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Acute kidney injury (AKI) is a common condition in patients with 
cirrhosis. It occurs in up to 50% of hospitalized patients with cirrhosis and 
in 58% of such patients in the intensive care unit (ICU).1-5 AKI is associ-

ated with high morbidity and mortality and an increased incidence of chronic 
kidney disease (CKD) after liver transplantation.1-3,5,6 Progression to advanced 
stages of AKI (Table 1) portends an even worse prognosis.1,2,5

In general, the three main causes of AKI11 are renal hypoperfusion (also re-
ferred to as prerenal AKI), which in most cases is due to hypovolemia; intrinsic, 
structural kidney injury; and postrenal injury due to urinary obstruction. A unique 
cause of AKI due to renal hypoperfusion in patients with cirrhosis is the hepatore-
nal syndrome (HRS), which is the result of renal vasoconstriction. Hypoperfusion 
from hypovolemia accounts for approximately half the cases of AKI in patients 
with cirrhosis, intrinsic causes (e.g., acute tubular necrosis) account for approxi-
mately 30% of cases, and HRS accounts for approximately 15 to 20%, with less 
than 1% of cases attributable to postrenal obstruction.3

Defini tion of A K I a nd HR S

Before 2012, criteria defining AKI in cirrhosis were absent, but HRS was defined 
as a syndrome that occurred in patients with cirrhosis and portal hypertension and 
was characterized by impaired kidney function (defined as a serum creatinine 
level of >1.5 mg per deciliter [132.6 μmol per liter]) in the absence of underlying 
kidney disease.7 Clinically, HRS was divided into type 1 (HRS-1), characterized by 
a rapid reduction in kidney function, with an increase in serum creatinine to a 
level exceeding 2.5 mg per deciliter [221.0 μmol per liter] in less than 2 weeks, 
and type 2 (HRS-2), a more chronic deterioration in kidney function.

Over the past decade, the definitions of AKI and HRS in patients with cirrhosis 
have been revised (Table 1).8-10 The new definition of AKI was harmonized with 
the Kidney Disease: Improving Global Outcomes definition as an increase in the 
serum creatinine level of 0.3 mg per deciliter (26.5 μmol per liter) or higher 
within 48 hours or as an increase in the serum creatinine level that is at least 1.5 
times the baseline level and that is known or presumed to have occurred within 
the previous 7 days.8-10,12 The new definition of HRS eliminated the threshold 
value for the serum creatinine level (1.5 mg per deciliter), allowing for earlier diag-
nosis and treatment in patients with normal serum creatinine levels but reduced 
kidney function, such as women, older patients, or those with sarcopenia. The 
acute form of HRS, HRS-1, was also renamed HRS-AKI to distinguish it from the 
more chronic type, HRS-2, now renamed HRS-CKD.10 Changes in urinary output 
should be considered in the definition of AKI, particularly in critically ill patients 
with cirrhosis in whom changes in urinary output have been shown to be a sensitive, 
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early marker of AKI and are associated with 
worse outcomes (Table 1).5,10,13 One of the major 
limitations of the definition of HRS is the exclu-
sion of underlying parenchymal kidney disease. 
In an era marked by an increasing incidence 
of nonalcoholic steatohepatitis, the presence of 
underlying CKD due to diabetes mellitus, hyper-
tension, or both is also increasing. In patients 
with preexisting CKD, the prognostic and thera-
peutic implications of HRS-AKI have yet to be 
determined, and these implications will proba-
bly differ from those in patients with HRS-AKI 
that progresses to HRS-CKD.8,10

Pathoph ysiol o gy

Patients with cirrhosis, particularly those with 
ascites, have an increased susceptibility to AKI 
because of the hemodynamic alterations that 
result from portal hypertension (Fig. 1).14,15 The 
initial mechanism in the pathogenesis of portal 
hypertension is increased intrahepatic resistance 
due to distortion of the liver architecture (fibro-
sis and nodules) and an increase in intrahepatic 
vascular tone. Subsequent activation of vasodila-
tors in the splanchnic circulation (the most im-
portant being nitric oxide) leads to progressive 
splanchnic and systemic vasodilatation. Increased 
translocation of bacteria and bacterial products 
due to intestinal dysbiosis, bacterial overgrowth, 
and altered tight-junction proteins contributes 
further to vasodilatation, resulting in a reduc-
tion in the effective arterial blood volume that 
will activate the neurohumoral systems (the re-
nin–angiotensin–aldosterone, sympathetic, and 
arginine–vasopressin systems) leading to sodium 
and water retention and ascites formation.16,17 In 
advanced stages of cirrhosis, progressive vasodi-
latation leads to more avid retention of sodium 
and water, resulting in refractory ascites and 
dilutional hyponatremia, respectively (Fig. 1).

With progressive vasodilatation, vasoconstric-
tive systems (mainly renin and angiotensin) are 
activated, resulting in renal vasoconstriction and 
decreased renal blood flow. In addition, a rela-
tive decrease in cardiac output in this high-out-
put state of cardiac failure (so-called cirrhotic 
cardiomyopathy) may further contribute to de-
creased renal perfusion.18-20 The reduced renal 
blood flow results in a decrease in the glomeru-
lar filtration rate (GFR) and a prerenal type of 

kidney injury that does not respond to volume 
expansion — that is, HRS-AKI. Renal vasocon-
striction in patients with cirrhosis is not coun-
tered by the release of vasodilatory substances 
(e.g., prostaglandins) because of a decrease in 
their production and local release of vasocon-
strictors such as endothelin.

The pathogenesis of renal vasoconstriction 
and decreased renal blood flow in cirrhosis 
(“hepatorenal physiology”) represents a continuum 
of the mechanisms that initially lead to ascites. 
Thus, patients with cirrhosis who have ascites, 
particularly those with refractory ascites, are at 
the highest risk not only for the development of 
AKI but also for its most severe clinical form, 
HRS-AKI (Fig. 1). Although HRS-AKI can occur 
in the absence of a precipitating factor, it is more 
commonly precipitated by factors that cause a 
decrease in effective arterial blood volume. These 
factors include rapid fluid loss (e.g., excessive 
diuresis or gastrointestinal bleeding), worsening 
vasodilatation induced by drugs (e.g., angiotensin-
converting–enzyme inhibitors), and a systemic 
inflammatory response (e.g., infection) (Fig. 1). 
Not all cases of AKI in patients with cirrhosis 
result from renal hypoperfusion; some cases 
may result from structural kidney injury. How-
ever, renal hypoperfusion may lead to structural 
kidney injury when prolonged or when coupled 
with a “second hit,” such as exposure to nephro-
toxic medications, resulting in a delay in renal 
recovery.

A ssessmen t of K idne y Func tion

Evaluation of kidney function in patients with 
cirrhosis remains critically important and a chal-
lenging problem. The serum creatinine level, 
which is the most practical and commonly used 
marker of kidney function and the measure used 
in the Model for End-Stage Liver Disease (MELD) 
score to prioritize candidates for liver transplan-
tation, overestimates the GFR in patients with 
cirrhosis because of a combination of decreased 
creatinine production due to liver disease, pro-
tein calorie malnutrition, and muscle wasting. 
In addition, in patients with AKI and fluid over-
load, an increase in the serum creatinine level 
can lag by several hours to days, despite a de-
crease in the GFR.21,22 Exogenous clearance 
markers such as inulin and iothalamate are not 
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Figure 1. Pathophysiology of the Hepatorenal Syndrome and Acute Kidney Injury (HRS-AKI) in Patients with Cirrhosis.

A sine qua non for the development of HRS-AKI is the presence of ascites, which is often tense ascites and is often associated with hy-
ponatremia, a low mean arterial pressure, and oliguria. Factors that can precipitate AKI in a patient with cirrhosis (even without ascites) 
or HRS-AKI are indicated by red arrows. Strategies to prevent all forms of AKI (including HRS-AKI) in patients with cirrhosis are shown. 
IV denotes intravenous, LVP large-volume paracentesis, RAAS renin–angiotensin–aldosterone system, and SBP spontaneous bacterial 
peritonitis.
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readily available and are confounded by changes 
in the volume of distribution due to ascites and 
extracellular volume expansion. Measurements 
of creatinine clearance with the use of timed 
urinary collection (typically over 24 hours) are 
subject to inaccuracy because of errors in uri-
nary collection (i.e., incomplete collection or 
overcollection) or increased tubular secretion of 
creatinine as the GFR declines.

Estimated GFR (eGFR) equations based on 
serum creatinine, cystatin C, or both are a sim-
ple method of determining kidney function in 
the general population of persons with stable 
serum creatinine levels. In patients with cirrho-
sis, however, eGFR equations tend to overesti-
mate the true GFR by 10 to 20 ml per minute per 
1.73 m2 of body-surface area, especially in pa-
tients with a GFR of less than 40 ml per minute 
per 1.73 m2, ascites, or both and should be used 
with caution.23-25 The accuracy of eGFR measure-
ments is particularly important in patients with 
cirrhosis because eGFR is one of the factors used 
to determine candidacy for simultaneous liver 
and kidney transplantation. The removal of race 
from all eGFR equations was recently recom-
mended as an important step in efforts to 
eliminate disparities in the care of patients with 
kidney disease,26 and this removal has been ad-
opted within the transplantation community; 
however, the effect of this change in eGFR equa-
tions on candidacy for simultaneous liver and 
kidney transplantation remains to be adequately 
studied.27

Di agnos tic Wor k up  
a nd M a nagemen t of A K I

Once AKI is diagnosed, it is important to dis-
continue any medications that could have a role 
in precipitating or worsening AKI — specifical-
ly, diuretics, vasodilators, nonselective beta-
blockers, nonsteroidal antiinflammatory drugs 
— and to rule out infection, particularly sponta-
neous bacterial peritonitis, which is frequently a 
precipitant of AKI and HRS-AKI (Fig. 2). At the 
same time, a diagnostic workup for AKI is es-
sential for treating early AKI and for preventing 
progression, which is associated with increased 
mortality.1,2,5 The cause of AKI is determined on 
the basis of the patient’s history and physical 
examination, urinary tests, the response to di-
uretic withdrawal, and a volume challenge when 

clinically indicated (Fig. 2). Microscopical ex-
amination of urinary sediment is important to 
rule out intrinsic causes of AKI.

Measurements of fractional excretion of so-
dium and urea have been used by clinicians to 
confirm hypovolemia and HRS-AKI and to rule 
out acute tubular necrosis. However, patients 
with cirrhosis and ascites already have avid so-
dium retention, and fractional excretion of 
sodium of less than 1.0% is common in such 
patients, even in the absence of AKI.28 Differen-
tiating between HRS-AKI and acute tubular ne-
crosis is therefore often challenging. In general, 
cutoff values of less than 0.1% for fractional 
excretion of sodium, less than 21% for frac-
tional excretion of urea, and less than 44 mg per 
deciliter for urinary albumin may help to con-
firm HRS-AKI and rule out acute tubular necro-
sis.28-30 These cutoff values should be interpreted 
cautiously, however, and always in the context of 
the patient’s clinical presentation, since they are 
not very sensitive or specific and have not been 
correlated with histologic findings. Urinary neu-
trophil gelatinase–associated lipocalin, a marker 
of tubular injury, has been shown to differenti-
ate between HRS-AKI and acute tubular necro-
sis. However, its use in clinical practice has been 
limited because of lack of standardization, un-
certainty regarding the cutoff value, and the 
unavailability of the biomarker in many coun-
tries.28,31-34 Kidney biopsy should be considered 
only if the results might change management 
(e.g., treatment of glomerular diseases), since 
biopsy is an invasive procedure and may be as-
sociated with bleeding complications.

Volume expansion is central in reversing AKI 
due to volume depletion, and the response to 
volume expansion will help to determine the 
cause of AKI (Fig. 2). The type of resuscitation 
fluid (crystalloids vs. albumin) and the amount 
should be individualized according to the cause 
of AKI and the patient’s volume status (Fig. 2). 
Volume resuscitation is recommended for a trial 
period of 24 to 48 hours in patients who are 
clinically hypovolemic or euvolemic. However, it 
is important to exercise caution in administering 
fluids in patients with AKI in order to avoid 
fluid overload and pulmonary edema. Assess-
ment of intravascular volume and volume re-
sponsiveness is desirable but has been challeng-
ing, since many of the hemodynamic tools have 
not been studied in patients with cirrhosis and 
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may be misleading because of increased intraab-
dominal pressures due to ascites.13 In a small, 
single-center, retrospective study that assessed 
volume status with the use of point-of-care ultra-
sonography in patients with a diagnosis of 
HRS-AKI who were considered to have adequate 
volume repletion, 21% of the patients had intra-
vascular fluid overload, and 28% continued to 
have intravascular volume depletion.35 A combi-
nation of assessments, including a careful history 
taking and physical examination, point-of-care 
ultrasonography, and static and dynamic mea-
surements, when available, should be used to 
evaluate volume status and fluid responsiveness.

There is insufficient evidence supporting the 
use of paracentesis to improve intraabdominal 
pressure (and theoretically, kidney function) in 
patients with cirrhosis and AKI. Partial ascites 
removal is recommended for comfort in patients 
with tense ascites and should be accompanied by 
intravenous administration of albumin to pre-
vent circulatory dysfunction, a vasodilatory state 
that follows large-volume paracentesis (removal 
of >5 liters) and can lead to worsening kidney 
function.36-38

Tr e atmen t of HR S-A K I

In patients with cirrhosis, HRS-AKI should be 
treated only after other causes of AKI have been 
investigated and excluded (Fig. 2).

Pharmacologic Therapy

The mainstay of pharmacologic management of 
HRS-AKI is the use of vasoconstrictors com-
bined with intravenous albumin (Fig. 3).39,40 As 
proof of concept, changes in the serum creati-
nine level correlate inversely with changes in 
mean arterial pressure induced by vasoconstric-
tors.41 Vasoconstrictors have not been shown to 
improve survival, so their use should be consid-
ered a bridge to transplantation rather than a 
cure for HRS-AKI.

Terlipressin, a vasopressin analogue, is the 
most common vasoconstrictor used worldwide, 
and both U.S.37 and European38 guidelines rec-
ommend it as a first-line agent for HRS-AKI. 
Terlipressin can be administered intravenously 
as a bolus or as a continuous infusion, with 
similar efficacy. However, the cumulative daily 
dose and the incidence of adverse events are 
lower with a continuous infusion.42 The initial 

dose can be increased, maintained, or discontin-
ued, according to the response (changes in the 
serum creatinine level) (Fig. 3). In a large ran-
domized, controlled trial showing the efficacy of 
terlipressin in patients with HRS-AKI, which led 
to its approval in the United States, the agent 
was associated with an increased incidence of 
respiratory failure due to pulmonary edema.43 
Therefore, it is essential to withhold terlipressin 
and albumin if there is clinical evidence of intra-
vascular volume overload (i.e., anasarca, jugular 
venous distention, hypoxemia, pulmonary con-
gestion on a chest radiography, or elevated right 
ventricular systolic pressure on an echocardiog-
raphy).

Small single-center studies have shown that 
the responses to norepinephrine, an alternative 
vasopressor, are similar to those to terlipressin. 
However, norepinephrine requires continuous 
infusion in an ICU.39,40 The combination of octreo-
tide and midodrine has weak vasoconstrictive ac-
tivity, and a randomized, controlled trial showed 
that the combined treatment was inferior to 
terlipressin in reversing HRS-AKI.44 Therefore, 
octreotide and midodrine should be used only 
temporarily, for 24 to 48 hours, and only if terli-
pressin is unavailable or contraindicated.

Transjugular Intrahepatic Portosystemic 
Shunt

An important therapeutic option in patients with 
portal hypertension is the placement of a trans-
jugular intrahepatic portosystemic shunt (TIPS) 
that may improve kidney function by redistribut-
ing blood volume and reducing portal pres-
sure.45-48 A meta-analysis of nine small studies 
suggested that treatment with TIPS led to a sig-
nificant improvement in kidney function, with a 
pooled response of 93% among patients with 
HRS-AKI.49 However, there is currently insuffi-
cient evidence to recommend TIPS for HRS-AKI.

Renal-Replacement Therapy

Renal-replacement therapy (also known as kid-
ney-replacement therapy) has been viewed as a 
bridge to liver transplantation, but renal-replace-
ment therapy for patients with HRS-AKI who are 
not candidates for liver transplantation has been 
controversial because of high mortality.50 How-
ever, because mortality associated with renal-
replacement therapy has been shown to be simi-
lar among patients with HRS-AKI and those 
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Presentation with cirrhosis and AKI

Conduct history and physical examination: consider risk factors that may suggest cause of AKI
(e.g., recent shock, fever, recent initiation of diuretics, diarrhea)

Review medications list for active or recent nephrotoxin or exposure to IV contrast
Discontinue diuretics, NSAIDs, ACEI or ARB, NSBB
Perform diagnostic paracentesis to rule out SBP
Perform urinary tests: microscopical assessment of urinary sediment, FeNa, FeUrea,

NGAL (if available) 

Renal Hypoperfusion (most common)
Hypovolemia (e.g., from diuretics,

diarrhea, gastrointestinal bleeding)
Hepatorenal syndrome (HRS-AKI)

Intrinsic or Parenchymal Kidney Injury
ATN (most common; e.g., from sepsis,

IV contrast, medications, bile cast
nephropathy)

AIN: from antibiotics, NSAIDs, PPI
Glomerular diseases: e.g., IgA, MPGN,

cryoglobulinemia

Urinary Obstruction (least common)
Urethral obstruction, ureteral obstruction

ATN: discontinue nephrotoxic agents
AIN: discontinue offending agent
Consider kidney biopsy
Glomerular disease: specific treatment

Assess volume status (physical exam-
ination, POCUS, chest radiography,

echocardiography)

Intravascular volume
depletion

Equivocal volume
status

Crystalloid solutions

Measure serum creatinine level
after 24 hr 

25% albumin 1g/kg
(≤100 g/day in divided

doses)

Unchanged or increasing serum
creatinine level

Measure serum creatinine level
after an additional 24 hr

Serum creatinine level decreases

Reassess volume status
Volume expansion with 25%

albumin (1g/kg in divided doses)
if no volume overload

Continue monitoring
for renal recovery

Unchanged or increasing serum
creatinine levelSerum creatinine level decreases

Reassess causes of intrinsic AKI
Repeat urinary tests

Continue monitoring
for renal recovery

HRS-AKIATN

Administer vasoconstrictor
plus albumin

Administer diuretics if there is
evidence of volume overload

Renal-replacement therapy in
select patients

Determine postvoid residual volume
Renal ultrasonography
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with cirrhosis and acute tubular necrosis,51 a 
trial of renal-replacement therapy in selected 
patients with HRS-AKI could be considered.13,37 
There is no consensus on when renal-replace-
ment therapy should be initiated in patients with 
cirrhosis and AKI. Although several random-
ized, controlled trials have not shown a benefit 
of early initiation of renal-replacement therapy 
in the general population of critically ill patients 
in the ICU, patients with cirrhosis were excluded 
or were largely underrepresented in those stud-
ies.52-55 Therefore, in patients with cirrhosis, the 
decision about when to initiate renal-replace-
ment therapy should be individualized on the 
basis of life-threatening indications that are re-
fractory to medical treatment (e.g., hyperkale-
mia, acidosis, or fluid overload), uremic compli-
cations, the trajectory of kidney function, or the 
overall prognosis.13,37,56,57

Liver Transplantation

Liver transplantation is the treatment of choice 
in patients with HRS-AKI. Simultaneous liver 
and kidney transplantation is a potential thera-
peutic option for patients with prolonged kidney 

dysfunction before liver transplantation, since 
recovery of kidney function is less likely in these 
patients than in those with a shorter duration of 
kidney dysfunction. However, predicting the se-
verity and duration of kidney dysfunction that 
make recovery unlikely remains challenging.6,58 
In 2017, the Organ Procurement and Transplan-
tation Network set forth criteria for simultane-
ous liver and kidney transplantation on the basis 
of previous national guidelines. These criteria 
included factors such as prolonged duration of 
AKI and dialysis and the presence of CKD. The 
organization also implemented a safety-net pol-
icy that gave priority to patients with persistent, 
severe kidney dysfunction after liver transplanta-
tion to receive a kidney transplant within the 
first year.59,60 Kidney biopsy may assist in estab-
lishing the diagnosis and determining the re-
versibility of kidney dysfunction and the need for 
simultaneous liver and kidney transplantation.61 
Predictors of reversibility of AKI after transplan-
tation, such as biomarkers, are needed to guide 
the allocation of kidney grafts.62,63

Pr e v en tion of A K I

The development of AKI is a common, yet severe 
complication in patients with cirrhosis. There-
fore, it is imperative to recognize and manage 
events that may result in AKI, particularly in 
patients with ascites (Fig. 1).64 Volume depletion 
should be prevented through the careful use of 
diuretics (with a goal of <1 lb [0.45 kg] of body-
weight loss per day), careful use of lactulose 
(with dose adjustment to yield two or three 
formed bowel movements a day), and prevention 
of variceal hemorrhage.65 Intravenous albumin 
infusions at a dose of 4 to 6 g per liter of ascites 
removed have been shown to ameliorate circula-
tory dysfunction and prevent AKI after large-
volume paracentesis (removal of >5 liters).66 Al-
bumin infusions have also been shown to reduce 
the incidence of AKI and to decrease mortality 
among patients with spontaneous bacterial peri-
tonitis.67 However, in a study involving patients 
with infections other than spontaneous bacterial 
peritonitis, intravenous albumin did not prevent 
AKI and was actually associated with an in-
creased incidence of pulmonary edema.68 The 
long-term use of intravenous albumin infusions 
(weekly or every 2 weeks) in the outpatient set-
ting has led to controversial results. An open-

Figure 2 (facing page). Workup and Management of AKI 
in a Patient with Cirrhosis.

AKI is defined by a serum creatinine level that exceeds 
the baseline level by 0.3 mg per deciliter (26.5 mmol 
per liter) within 48 hours or a serum creatinine level 
that is at least 1.5 times the baseline level (an increase 
that is known or presumed to have occurred within the 
previous 7 days) or urinary output of less than 0.5 ml 
per kilogram of body weight per hour over a period of  
6 hours. Urinary tests are important in differentiating 
between HRS-AKI and various causes of AKI that are 
due to intrinsic or parenchymal kidney injury. Findings 
suggestive of HRS-AKI include the following: normal 
urinary sediment, fractional excretion of sodium (FeNa) 
of less than 0.1%, and fractional excretion of urea (FeUrea) 
of less than 21%. A urinary neutrophil gelatinase–asso-
ciated lipocalin (NGAL) level greater than 220 to 244 μg 
per gram of creatinine is suggestive of acute tubular ne-
crosis (ATN). Volume overload is suggested by the pres-
ence of anasarca, jugular venous distention, a chest film 
showing pulmonary congestion, or an elevated right ven-
tricular systolic pressure. Diuretics may need to be initi-
ated or continued if there is evidence of volume overload. 
ACEI denotes angiotensin-converting–enzyme inhibitor, 
AIN acute interstitial nephritis, ARB angiotensin-recep-
tor blocker, MPGN membranoproliferative glomerulo-
nephritis, NSAIDs nonsteroidal antiinflammatory drugs, 
NSBB nonselective beta-blocker, POCUS point-of-care 
ultrasonography, and PPI proton-pump inhibitor.
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label, randomized, controlled trial showed that 
this approach was associated with a reduced 
incidence of complications of ascites (including 

AKI) and death,69 whereas a randomized, placebo-
controlled trial showed no significant reductions 
in the incidence of AKI or death with long-term 

Presentation with suspected HRS-AKI

Measure serum creatinine level
on day 3 of treatment

(per EASL guidelines) or on day 4
of treatment (per FDA label)

Administer vasoconstrictor plus albumin (20–25 g/day)
Monitor for side effects before each bolus administration 

or every 6 hr (if administered by infusion) and discontinue
if side effects present

Assess volume status daily

Terlipressin

Serum creatinine level ≥baseline level

Development of complications
Ischemic complications
Respiratory failure
Volume overload

Serum creatinine level decreases

Discontinue vasoconstrictor
Evaluate for renal-replacement therapy

Continue vasoconstrictor

HRS-AKI reversal
(two consecutive measurements
≥2 hr apart of serum creatinine of

≤1.5 mg/dl [per FDA] or serum
creatinine level <1.5 mg/dl [per EASL])

Discontinue vasoconstrictor
Maximum duration 14 days

Terlipressin contraindicated or unavailable

Norepinephrine

Administer 0.5–3.0 mg/hr (continuous IV infusion)
Titrate to achieve an increase in MAP >10 mm Hg

FDA label
Administer 1 mg intravenously every 6 hr 

as IV bolus 
EASL guidelines

Administer 1 mg intravenously every 4–6 hr as
IV bolus or by continuous IV infusion at initial
dose of 2 mg/day

Per FDA label, if serum creatinine
 level decreases by <30% from baseline,

 increase dose of terlipressin to 2 mg
intravenously every 6 hr; per EASL

guidelines, if serum creatinine level
decreases by <25% from baseline, 

increase dose in a stepwise manner to a
maximum of 12 mg/day 
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albumin infusions.70 In a randomized, controlled 
trial involving hospitalized patients, an intrave-
nous albumin infusion targeted at maintaining 
serum albumin levels at approximately 3 g per 
deciliter did not improve outcomes (one of 
which was the development of AKI) and was as-
sociated with an increased incidence of pulmo-
nary edema.71 Therefore, long-term use of albu-
min in the outpatient or inpatient setting is 
currently not recommended.

Various medications such as nonsteroidal 
antiinflammatory drugs and renin–angiotensin–
aldosterone system blockers have direct nephro-
toxic effects by impairing intrarenal blood flow. 
Some agents (e.g., radiocontrast dye, aminogly-
cosides, vancomycin, and amphotericin B) have 
direct renal tubule toxicity, and some (e.g., beta-

lactam antibiotics and proton-pump inhibitors) 
cause allergic interstitial injury. Thus, kidney 
function should be closely monitored in patients 
with cirrhosis and ascites while they are receiv-
ing these medications. Data on the use of intra-
venous contrast material in these patients are 
lacking. Cautious use of intravenous contrast 
material is recommended, especially in patients 
with an eGFR of less than 45 ml per minute per 
1.73 m2.72

Conclusions

Advances over the past decade in the classifica-
tion, pathophysiological understanding, diagno-
sis, and management of AKI in patients with 
cirrhosis will allow for earlier diagnosis and 
treatment of HRS-AKI. Since previous studies of 
the treatment of HRS-AKI used the old criterion 
of a serum creatinine level exceeding 2.5 mg per 
deciliter, it is possible that with the new defini-
tion, reversal of HRS-AKI with terlipressin and 
albumin may occur more frequently and with 
lower doses or for a shorter duration than re-
ported in recent randomized trials. However, the 
extent to which the presence of systemic inflam-
mation or underlying kidney parenchymal dam-
age limits the efficacy of treatment in patients 
with HRS-AKI remains unknown. Further devel-
opment of urinary biomarkers and their inclu-
sion in the diagnostic or treatment algorithm 
could potentially improve the differential diag-
nosis of AKI, guide vasoconstrictor therapy for 
HRS-AKI, and assist in predicting the reversibil-
ity of AKI after liver transplantation. Additional 
investigations are needed to determine the 
amount of albumin necessary for the prevention 
and treatment of AKI and HRS-AKI and to sup-
port wider use of point-of-care ultrasonography 
to guide fluid repletion.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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