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Abstract

Purpose of Review The development of acute failure of the kidneys in the context of decom-
pensated cirrhosis represents one of the most challenging scenarios in clinical medicine
due to the severity and complexity of the coexistence of those 2 illnesses. Thus, managing
those cases can be cumbersome.

Recent Findings While the state of advanced cirrhosis and portal hypertension can lead
to a unique type of acute kidney injury (AKI)—hepatorenal syndrome type 1 (HRS-1)—a
number of other etiologies can cause AKI, such as prerenal or cardiorenal insults, acute
tubular injury, and other parenchymal entities. As a result, medical management of AKI in
cirrhosis should be dictated by the driving cause of AKI.

Summary Intravenous albumin is the preferred volume expander for hypovolemic states. Decon-
gestive therapies are indicated in tense ascites-associated abdominal compartment syndrome
and/or cardiorenal syndrome type 1. Vasoconstrictor therapy aimed to a specific rise in mean
arterial pressure constitutes the cornerstone of the management of HRS-1. Most tubular causes
of AKI are managed with supportive care, whereas other tubulointerstitial and glomerular
conditions may warrant other interventions such as drug discontinuation, immunosuppression,
or antimicrobial/antiviral therapy. Ultimately, AKI unresponsive to medical management may
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progress, and patients may ultimately necessitate renal replacement therapy (RRT) to sustain
life. However, RRT must be carefully considered in this patient population taking in considera-
tion eligibility for liver transplantation, life expectancy, risks and morbidity associated with
RRT, and patients’ wishes and those of their families or support network.

Individuals with cirrhosis are frequently affected with acute kidney injury
(AKI). The incidence of in-hospital AKI in patients with cirrhosis ranges
around 20-50% [1-3]. Many factors increase the risk for patients with cir-
rhosis to acquire AKI. Thus, the differential diagnosis for the etiology of AKI
can be very broad in this setting. Although there are certain supportive care
measures that apply to all causes of AKI, many of the conditions that lead to
AKI in cirrhosis are treated in a manner which may not be applicable to other
causes of AKI. Therefore, this review will outline the recommended manage-
ment strategies in AKI in cirrhosis organized by the underlying etiology.

Prerenal azotemia

Prerenal azotemia encompasses a broad spectrum of
causes of AKI that extend from straightforward vol-
ume depletion to those related to a hemodynamic
derangement leading to decreased renal perfusion.
In patients with decompensated cirrhosis, volume
depletion is commonly encountered. Prerenal
azotemia accounts for 15-30% of AKI in patients
with cirrhosis [4, 5]. In one study, prerenal azotemia
secondary to gastrointestinal hemorrhage was the
most common cause of AKI in cirrhosis account-
ing for 69% of the cases [6]. Many factors inherent
to cirrhosis can lead to volume depletion includ-
ing diarrhea due to laxatives prescribed for hepatic
encephalopathy (HE) prophylaxis, gastrointestinal
hemorrhage from esophageal varices, urinary losses
from diuretics, and poor oral intake in the context
of infections such as spontaneous bacterial peritoni-
tis (SBP) [7]. The combination of a peripheral vaso-
dilatory state, poor effective arterial blood volume
(EABV), and hypoalbuminemia predispose patients
with cirrhosis to prerenal insults. In this regard,
assessment of total blood volume distribution by

1. Withdrawal of offending agents
Regardless of the type of prerenal insult, there are

a number of medications that can elicit altera-
tions in renal hemodynamics and precipitate AKI.

radionuclide imaging demonstrated increased pool-
ing of plasma volume in the splanchnic circulation
of patients with cirrhosis in comparison to healthy
controls [8].

In addition, cardiorenal syndrome type 1 (CRS-1),
renal vein congestion, and intra-abdominal hyperten-
sion (IAH)/abdominal compartment syndrome (ACS)
from tense ascites are conditions that contribute to the
spectrum of prerenal causes of AKI in patients with
decompensated cirrhosis. Although the evolution of
advanced cirrhosis typically leads to a state of high-
output heart failure, patients are at risk of evolving
into cirrhotic cardiomyopathy (CCM) [9]. Individuals
with alcoholic liver disease can at times present with
ethanol-associated dilated cardiomyopathy [10, 11].
Thus, poor cardiac output as in CRS-1 can contrib-
ute to AKI in cirrhosis. In addition, porto-pulmonary
hypertension can lead to renal vein congestion and
impairment in renal perfusion. Needless to say, the
management of volume depletion dramatically dif-
fers from that of CRS-1 or ACS. Thus, those treatment
approaches are discussed separately (Fig. 1).

Therefore, exposure to those medications should
be promptly identified and properly discontinued.
Non-steroidal anti-inflammatory drugs (NSAIDs)
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Fig. 1 Approach to volume management in patients with cirrhosis and acute kidney injury (AKI). Individuals with cirrhosis
are vulnerable to acquiring states of volume depletion. Portal hypertension is associated with decreased effective arte-
rial blood volume (EABV) which predisposes them to further reduction in renal perfusion. Gastrointestinal bleeding due to
esophageal varices is a frequent cause of decompensation and hemodynamic instability. Prophylaxis for hepatic encephalop-
athy with laxatives can elicit diarrheal losses and hypovolemia. Infection, such as spontaneous bacterial peritonitis (SBP),
can lead to systemic inflammatory response and inadequate organ perfusion. Refractory ascites often necessitates aggres-
sive diuretic therapy and/or frequent paracentesis. During treatment of hepatorenal syndrome type 1 (HRS-1), concomitant
administration of albumin may increase the efficacy of a vasoconstrictor. Based on these factors, the traditional dogma
calls for standard resuscitation with intravenous (IV) albumin of all patients with cirrhosis and AKI. However, other factors
could lead to volume overload and should be considered during initial assessment. Cirrhotic cardiomyopathy, alcoholic car-
diomyopathy and porto-pulmonary hypertension can lead to fluid overload and renal vein congestion. Oliguria and hepato-
renal physiology can be present upon arrival and lead to hypervolemia. Tense ascites can result in abdominal compartment
syndrome. Therefore, on each case, consideration for diuretics and/or paracentesis has to be balanced against a potential
effect of administration of IV albumin.

are notorious for conferring a greater risk for AKI in
patients with cirrhosis [12]. Prostaglandin release
in cirrhosis is perceived as an adaptation that pro-
tects the renal circulation from a state of prepon-
derance of vasoconstrictors that are released upon

activation of the renin-angiotensin system (RAS)
and the sympathetic nervous system (SNS). Conse-
quently, NSAIDs can briskly precipitate AKI in cir-
rhosis. Laxatives and diuretics are often prescribed
in cirrhosis to manage risk for HE and refractory
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ascites, respectively. In the setting of AKI, the use
of these medications must be carefully evaluated
due to the risk of volume depletion from excessive
gastrointestinal fluid or urine losses. Furthermore,
certain antihypertensives can precipitate AKI. Angi-
otensin-converting enzyme inhibitors (ACEi) and
angiotensin receptor blockers (ARB) are known to
alter renal hemodynamics and reduce glomerular

2. Volume expansion for hypovolemia

Intravenous (IV) volume expansion is the corner-
stone of the treatment of hypovolemia. In cirrho-
sis, IV albumin is more effective restoring EABV
compared to crystalloids. A study compared the
effect of fluid resuscitation with isotonic normal
saline or albumin in healthy controls and patients
with cirrhosis. Following IV saline (2 L in 4 h), a
greater reduction in plasma renin activity (PRA)
was observed in healthy subjects compared to that
observed in patients with cirrhosis. In contrast, IV
albumin (50 gin 2 h) reduced PRA in patients with
cirrhosis to the same extent as in healthy controls
[16]. Thus, albumin was deemed more effective
than saline in restoring EABV in cirrhosis. Addi-
tional lines of evidence demonstrate that albumin
is the preferred volume expander in cirrhosis. In
a randomized controlled trial (RCT), albumin was
superior to saline in reducing post-paracentesis
circulatory dysfunction when greater than 6 L of
ascitic fluid were drained. Specifically, no change
in PRA was observed in albumin-treated subjects
compared to a significant increase in PRA in the
saline group at both 24 h and 6 days after para-
centesis [17]. Furthermore, in patients with SBP,
co-administration of albumin with antibiotics led
to a reduction in the incidence of AKI as compared
to placebo added to antibiotics [18].

In light of considerable benefits of albumin, the
International Club of Ascites (ICA) recommends
albumin-based volume expansion at a dose of 1 g/
kg for 48 h as an initial strategy to revert hypov-
olemia in cirrhosis with AKI [14]. However, emerg-
ing reports suggest that this liberal recommenda-
tion may not be ideal. In a RCT comparing the

filtration rate (GFR). In addition, beta-blockers,
often used in portal hypertension, have been shown
to increase the risk for development of hepatorenal
syndrome type 1 (HRS-1) presumably by reducing
systemic mean arterial pressure (MAP). Therefore,
these agents should be discontinued in patients
with cirrhosis presenting with AKI [13-15].

effect of normalization of serum albumin versus
standard of care (ATTIRE trial) [19], administra-
tion of albumin was associated with greater risk
of pulmonary edema and no survival benefit. The
median cumulative dose of albumin in the inter-
vention arm was 200 g (IQR 14-280) throughout
the duration of the 15-day trial. Moreover, in a RCT
testing the benefit of terlipressin added to albu-
min against placebo added to albumin (CONFIRM
trial) [20], subjects treated with terlipressin and
albumin had a higher incidence of respiratory fail-
ure. The mean total dose of albumin for both treat-
ment arms (prior to randomization and during the
trial) was~500-600 g [21]. While the amount of
albumin given in the ATTIRE and CONFIRM trial
exceeded that recommended dosage for a 48-h trial,
patients who fail a 48-h trial may go on to continue
receiving more albumin as part of HRS-1 manage-
ment. Noninvasive modalities such as point-of-care
echocardiography, lung ultrasonography, and other
novel methodologies such as VeXUS [22] may prove
useful to guide volume management in this patient
population [23]. Nonetheless, a time-limited trial
of tailored albumin resuscitation is deemed a rea-
sonable approach if the clinical picture suggests a
prerenal state.

For patients arriving with gastrointestinal hemor-
rhage, volume resuscitation with blood products
should be entertained, although the ideal hemo-
globin target is unknown. Identification and liga-
tion of underlying bleeding vessels intended to
minimize blood loss should be pursued in active
gastrointestinal hemorrhage leading to hemody-
namic instability [24].
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3. Decongestion

Decompensated cirrhosis with portal hypertension
leads to ascites. In turn, ascites can lead to IAH and
ACS. Elevated renal venous pressures impair renal per-
fusion and can cause and/or contribute to prerenal
AKI. Renal vein congestion is not rare in advanced cir-
rhosis. In a cohort of 125 patients with cirrhosis, the
mean central venous pressure was 12.8 mmHg [25].
In an another study, a renal vein diameter> 11 mm was
associated with increased mortality independently of
MELD-Na scores [26]. Decongestion with diuretics
and/or large volume paracentesis (LVP) may relieve
renal vein congestion and increase GFR and urine
output [27, 28]. Despite lack of supporting evidence,
concern for LVP precipitating AKI persists. In a recent
study [29], evaluating the impact of LVP on kidney
function among hospitalized patients with cirrhosis,
kidney function improved in 10% of patients after LVP
whereas it worsened in only 4%, supporting a role of
decongestive therapies in patients with cirrhosis and
IAH (Fig. 1).

Decreased peripheral vascular resistance and high-
output heart failure are classic elements of cardiac

Hepatorenal syndrome type 1

physiology in advanced cirrhosis. As the disease
evolves, decreased cardiac conductance and con-
tractility lead to progression to CCM and CRS-1.
Management of AKI in CCM has not been formally
studied. Diuretics along with traditional heart failure
medications can be considered [30]. The prognosis
of patients with CCM after liver transplantation is
uncertain [31].

The state of decompensated cirrhosis, portal hyper-
tension, and deranged hemodynamics predispose
a subset of patients to develop porto-pulmonary
hypertension [32]. A direct role of porto-pulmonary
hypertension in contributing to AKI remains unclear
[33]. However, porto-pulmonary hypertension could
potentiate right-sided heart failure, IAH, and renal
vein congestion, thus precipitating prerenal AKI. In
a prospective observational cohort of patients with
porto-pulmonary hypertension, early administra-
tion of intravenous prostacyclin was associated with
improved 5-year mortality as compared to control
[34]. However, its role in the context of AKI has not
been examined.

HRS-1 is a unique form of AKI affecting individuals with advanced cirrhosis
and portal hypertension. In response to elevated hepatic sinusoidal pressure
and splanchnic vasodilation, the RAS and SNS are overactivated, leading to
profound renal vasoconstriction and AKI. HRS-1 is potentially reversible with
timely administration of vasoconstrictors and albumin [35-43]. Vasoconstric-
tors reverse splanchnic vasodilation and, in combination with IV albumin,
restore the EABV, thereby reversing the neurohumoral responses that precipi-
tated HRS-1. Intrarenal perfusion is thereby restored leading to improvement
in GFR. Vasoconstrictors and albumin are the mainstay of HRS-1 treatment
and are recommended in guidelines released by the European Association
for the Study of the Liver (EASL), American Association for the Study of Liver
Diseases (AASLD), and the American College of Gastroenterology (ACG)
[42, 44, 45].

Several factors must be considered when evaluating the applicability of
findings from vasoconstrictor trials to the clinical management of patients
with HRS-1. First, the timespan of these trials included evolving definitions
of HRS-1 and changes in the recommendations for treatment of decompen-
sated cirrhosis (e.g., albumin dosing). Prior to 2015, HRS-1 was defined as
an increase in serum creatinine (sCr)>50% from baseline and to>1.5 mg/
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1. Albumin

2. Vasoconstrictors

dL. In order to facilitate earlier diagnosis and treatment, the ICA changed
the definition of HRS-1 in 2015 to an absolute rise in sCr>0.3 mg/dL from
baseline and eliminated the 1.5 mg/dL threshold [14]. However, all prior
vasoconstrictor trials, including the recent CONFIRM trial, used earlier defini-
tions of HRS-1. Therefore, despite real-world observational data suggesting
improved outcomes with earlier treatment, RCT data to support this practice
is lacking [46]. Trial endpoints are another important factor to consider when
evaluating the evidence for vasoconstrictors in HRS-1. These trials were not
designed or powered to detect differences in survival. Rather, “HRS reversal”
was typically used as the primary endpoint and defined with variable strin-
gency based on improvements in sCr to a pre-specified value (e.g.,<1.5 mg/
dL) or towards the pre-treatment sCr (e.g., to within 0.3 mg/dL of baseline)
[47, 48]. Finally, the risk for development of adverse effects of vasoconstrictor
therapy are important to consider [49]. While data suggest that these regi-
mens are generally well-tolerated, it should be recognized that patients with
coronary artery disease or peripheral vascular disease were often excluded
from trial participation [20, 50] Therefore, clinicians should be vigilant in
monitoring for extracellular fluid volume overload and ischemic events.

Albumin’s primary mechanism of action in HRS-1 is thought to be medi-
ated by increased oncotic pressure leading to restoration of EABV. Although
preclinical studies suggest that its antioxidant, anti-inflammatory, and immu-
nomodulatory effects may also play a role [18, 19, 51], a clinical study failed
to confirm this contention [52] Treatment of HRS-1 with albumin alone
does not appear to be effective. A 2008 study by Martin-Llah{ et al. dem-
onstrated reversal of HRS in 44% of patients treated with terlipressin and
albumin (n=23) in comparison to 9% in patients treated with albumin alone
(n=23) [53]. Despite its lack of efficacy as monotherapy for HRS-1, albumin
may augment the efficacy of vasoconstrictor therapy. Indeed, a 2002 prospec-
tive nonrandomized study demonstrated reversal of HRS in 77% in patients
receiving terlipressin and albumin in comparison to only 25% in patients
receiving terlipressin alone [54]. Various strategies for IV albumin dosing
and monitoring have been used in RCTs for HRS-1 (Table 1). In general, 25%
albumin is administered starting at 1 g/kg/d for 2 days (maximum of 100 g/d)
and then 20-40 g/d. Clinicians should be aware that albumin administra-
tion may cause or exacerbate extracellular volume overload and pulmonary
edema and that these effects may be potentiated by concomitant use of a
vasoconstrictor [19, 20, 49].

Terlipressin is a synthetic vasopressin analog with preferential affinity for the
V1 receptors [55] Terlipressin is the most studied drug for HRS-1 in RCTs and
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is recommended as first-line therapy where the drug is approved [42, 45, 49].
Terlipressin is typically initiated at 1-2-mg IV bolus every 4-12 h (Table 1) and
can also be administered via continuous infusion. Efficacy of boluses and infu-
sion seem comparable, whereas the safety profile of continuous infusion may be
favorable [56]. In clinical trials, the dose of terlipressin was typically increased on
day 3 or 4 of therapy in response to the rate of improvement in sCr. In contrast
to norepinephrine (NE), terlipressin does not require administration by a central
venous line or intensive care unit monitoring. High-dose NE administered via
peripheral line has been linked to tissue ischemia [57]. Treatment of HRS-1 with
terlipressin and albumin has been studied in 4 randomized, placebo-controlled
clinical trials with variable rates of HRS-1 reversal (Table 1). In 2021, Wong et al.
reported the results of the CONFIRM trial, the largest RCT of any vasoconstric-
tor agent for treatment of HRS-1 [20]. Patients with HRS-1 were randomized to
receive IV albumin in combination with either bolus dose terlipressin (n=199)
or matching placebo (n=101). In a departure from prior vasoconstrictor RCTs, the
CONFIRM trial utilized a more stringent, multicomponent primary endpoint in
order to demonstrate that treatment not only improved kidney function but also
other meaningful outcomes such as short-term survival and avoidance of renal
replacement therapy (RRT) [20, 58]. This primary endpoint, termed “verified HRS
reversal,” was defined as two consecutive sCr values of<1.5 mg/dL at least 2 h
apart up to day 14 and RRT-free survival for at least 10 additional days [20, 58].
Patients in the CONFIRM trial had relatively severe kidney dysfunction (mean sCr
3.5 mg/dL) and liver failure (mean MELD score~33) at the time of randomiza-
tion [20]. Verified HRS reversal was statistically significantly more common in
the terlipressin group (32%) compared to placebo (17%). Notably, a higher rate
of respiratory failure was observed in the terlipressin group (10%) in comparison
to placebo (3%) [20]. Respiratory failure may relate to simultaneous increases
in venous return and afterload that exceed the cardiac reserve. Larger cumulative
albumin doses in CONFIRM may partially explain these findings.

Norepinephrine

NE exerts its hemodynamic effects by producing systemic vasoconstriction
through stimulation of a-adrenergic receptors in the radial smooth muscle
of arteries and arterioles and by increasing myocardial contractility through
stimulation of the B-1 adrenergic receptors [59]. NE is typically administered
by continuous infusion via central venous access starting at 0.5 mg/h and
titrated to a maximum dose of 3 mg/h based on targeted increases in MAP
(Table 1). The efficacy of NE for treatment of HRS-1 has been compared to
terlipressin in 7 RCTs [47, 60-65]. In general, NE and bolus dose terlipressin
had comparable rates of HRS-1 reversal and similar adverse event profiles.
One study compared continuous infusion of terlipressin with NE in patients
with acute on chronic liver failure (ACLF) and HRS-1 and reported superiority
of terlipressin [47]. However, the study reported unusually low efficacy rate
for NE. Therefore, more studies are needed to compare terlipressin infusion
and NE in HRS-1.
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Midodrine and octreotide

Midodrine produces systemic vasoconstriction via selective a-1 adrenergic
agonism and octreotide is a somatostatin analog that causes splanchnic
vasoconstriction by inhibiting the release of endogenous vasodilators
(e.g., glucagon) [66] Midodrine is typically initiated at 5-7.5 mg orally
every 8 h, and octreotide is administered subcutaneously starting at
100-200 pg every 8 h. Midodrine and octreotide are then dose-escalated
based on changes in MAP or sCr (Table 1). Midodrine and octreotide do
not require central venous access or intensive care monitoring. In 1999,
Angeli et al.reported the safety and efficacy of midodrine plus octreotide
in combination with IV albumin in 5 patients with HRS-1. Midodrine
and octreotide were dosed to achieve an increase in MAP>15 mmHg and
resulted in improved renal plasma flow, GFR, and urine sodium excre-
tion. Mortality was 1 of 5 patients in the midodrine and octreotide group
compared to 7 of 8 patients receiving low-dose dopamine [66]. However,
no subsequent trials have been reported demonstrating the benefit of
midodrine and octreotide. The combination of midodrine and octreotide
has been compared to terlipressin for treatment of HRS-1 in 1 RCT. Caval-
lin et al.randomized subjects to receive terlipressin (n=27) via continu-
ous infusion (3-12 mg/d) or dose-escalated midodrine and octreotide
(n=21) [48]. Both groups received IV albumin at a dose of 1 g/kg on
day 1 and 20-40 g/d thereafter. Terlipressin was associated with statisti-
cally significant increases in MAP compared to midodrine and octreotide
from day 3 through the end of treatment. The rate of complete response
(decrease in sCr to< 1.5 mg/dl) was 55% in the terlipressin group and was
statistically significantly higher than the response in the midodrine and
octreotide group (4.8%). Circulatory overload occurred in 4% of the ter-
lipressin group and 5% of the midodrine and octreotide group [48]. The
midodrine and octreotide regimen has also been compared to NE in two
RCTs in patients with HRS-1. In a 2012 study of 23 patients with HRS-1,
Tavakkoli et al.demonstrated similarly high rates of HRS reversal (>70%)
in subjects randomized to receive IV albumin in combination with a con-
tinuous infusion of NE or dose-escalated midodrine and octreotide [67].
A 2021 study by El-Desouki Mahmoud et al. randomized 60 patients with
HRS-1 (per the 2015 ICA diagnostic criteria) to continuous NE infusion
or dose-escalated midodrine and octreotide [50]. Both groups received
IV albumin at a dose of 20-40 g daily. A statistically significantly higher
rate of full response occurred in the NE group (58%) in comparison to
the midodrine and octreotide group (42%). The need for mechanical ven-
tilation due to causes including sepsis, HE, shock, pulmonary embolism,
pulmonary edema, or multi-organ dysfunction was 27% in the NE group
and 48% in the midodrine and octreotide group.

Taken together, data from the RCTs suggest that the midodrine and
octreotide regimen is less effective in reversing HRS-1 in comparison to
terlipressin or NE. Notably, the rate of circulatory overload and need
for mechanical ventilation is comparable to both terlipressin and NE
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suggesting that close monitoring of volume status is required in patients
receiving midodrine and octreotide despite being administered outside
of an intensive care setting.

Practical considerations for the use of vasoconstrictor therapy

There are several important factors that impact the efficacy of vasocon-
strictor regimens in clinical practice. First, many RCTs adjusted the dose
of IV albumin and vasoconstrictor agent based on specific hemodynamic
targets (e.g., CVP 10-12 cm H,0, MAP increase> 15 mmHg). In this
regard, adjustment of the vasoconstrictor dose in response to changes
in MAP is vital to recapitulating the efficacy demonstrated in RCTs. A
meta-analysis of 21 studies of vasoconstrictors for HRS-1 demonstrated
that improvement in kidney function was significantly correlated with
the magnitude of MAP increase, regardless of the baseline blood pres-
sure or vasoconstrictor regimen utilized [37]. Therefore, a reasonable
goal would be to target a sustained increase in MAP of>15 mmHg from
baseline (Fig. 2) [68].

A second factor to consider when treating patients with a vasoconstric-
tor regimen is that the severity of liver disease and the degree of baseline
kidney dysfunction both impact the likelihood of successful treatment
[69]. For example, in a retrospective study of 298 patients with HRS-1
treated with terlipressin and IV albumin, Piano et al. demonstrated a
stepwise reduction in the response to therapy from ACLF grade 1 (ACLF-
1) to ACLF-3 across all levels of baseline sCr [69]. Notably, the likelihood
of HRS reversal was<30% in patients with ACLF-3 despite more robust
improvements in MAP in comparison to patients with ACLF-1 and ACLF-2
[69]. In a post hoc analysis of data from a RCT of terlipressin for HRS-1,
a multivariate analysis demonstrated that pre-treatment sCr was the only
significant predictor of response. The likelihood of HRS reversal was high-
est in patients with pre-treatment sCr< 3.0 mg/dL and was negligible in
patients with pre-treatment sCr>5.0 mg/dL [70]. Taken together, these
data suggest that patients with severe kidney dysfunction (sCr>5 mg/dL)
or severe liver dysfunction (ACLF-3) are unlikely to respond to vasocon-
strictor therapy and clinicians should carefully weigh the risk of adverse
effects against the low likelihood of HRS reversal.

3. Transjugular intrahepatic portosystemic shunt

Decompression of the portal vein by placement of transjugular intrahe-
patic portosystemic shunt (TIPS) is used in patients with refractory ascites
and recurrent esophageal bleeding. In patients without AKI, TIPS has been
associated with improvement in kidney function and it has been suggested
that TIPS could be used to reverse HRS-1 [71, 72]. A systematic review and
meta-analysis of 128 patients with HRS across 9 studies demonstrated a
93% rate of kidney function improvement in patients with HRS-1 [72].
Notably, TIPS was associated with an increased risk for HE [72]. In addition
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Fig. 2 Etiology-driven medical management of acute kidney injury (AKI) in cirrhosis. Discontinuation of non-steroidal anti-
inflammatory drugs (NSAIDs), beta-blockers, and renin-angiotensin system inhibitors/blockers is recommended regardless
of AKI etiology. Diagnosis of hepatorenal syndrome type 1 (HRS-1) prompts consideration for vasoconstrictor therapy, a
treatment modality that is unique to HRS-1. Liver transplantation is the ultimate treatment for HRS-1. In addition to the
ICA criteria, additional phenotypical elements should be examined (e.g., presence of triggering infection, hyponatremia,
baseline low-normal mean arterial pressure, findings in urinary sediment microscopy). Cirrhosis portends risk factors to
acquire most types of AKI. Prerenal azotemia can occur as a result of gastrointestinal (GI) losses (e.g., from laxatives
used for hepatic encephalopathy) and is managed with discontinuation of diuretics and administration of intravenous albu-
min+intravenous fluids (IVF). Acute tubular injury (ATI) can occur as a result of ischemia (e.g., shock from GI bleeding) or
toxic injury (e.g., bile acids) and is managed with supportive care. Abdominal compartment syndrome (ACS) can occur as
a result of tense ascites and is managed with large-volume paracentesis. Cardiorenal syndrome type 1 (CRS-1) can occur as
a result of cardiomyopathy (e.g., cirrhotic, alcoholic, and is managed with diuretics+inotropes). ATI, ACS, and CRS-1 may
overlap with HRS-1 and warrant concomitant therapy. Acute interstitial nephritis can occur from exposure to antibiotics
(e.g., quinolones for spontaneous bacterial peritonitis (SBP) and is managed with drug discontinuation+corticosteroids).
Acute glomerulonephritis (GN) can occur in cirrhosis (e.g., IgA nephropathy, hepatitis C-associated membranoprolifera-
tive GN (HCV-MPGN) and can be managed with antivirals immunosuppressive therapy. Obstructive uropathy can occur as a
result of midodrine-induced urinary retention.

to the risk of HE, TIPS placement could exacerbate kidney dysfunction due
to contrast-induced AKI or alteration in systemic hemodynamics [73]. Due
to insufficient evidence, TIPS was not recommended for treatment of HRS-1
in separate North American practice guidelines from the AASLD and the
Advancing Liver Therapeutic Approaches consortium [45, 73].
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Parenchymal causes of AKI

1.

Supportive therapy for ATI

Parenchymal causes of AKI are not only limited to the traditional causes
such as acute tubular injury (ATI) and acute interstitial nephritis (AIN),
but also include cirrhosis-specific (viral-associated, IgA) glomerulone-
phritis (GN). The clinical presentation should dictate the suspicion.
Ischemic ATI can be the consequence of a prolonged state of volume
depletion. As a result, all the etiologies listed as potential cause of pre-
renal azotemia can lead to ischemic ATI if they are not addressed and
resolved in a timely fashion. In addition, ischemic ATI can directly occur
in patients with sepsis secondary to SBP and other infections or in cases
of septic or hemorrhagic shock. In addition, antibiotics like fluoroqui-
nolones and vancomycin that are commonly used for prophylaxis or
treatment of SBP can precipitate toxic ATI [74, 75]. Beyond the history,
patients with ATI typically present with no other unique clinical features.
However, muddy brown granular casts are often present on urinary sedi-
ment microscopy. On the other hand, acute GN may present with hema-
turia, dysmorphic erythrocyturia, and/or cellular casts, whereas AIN may
present with sterile pyuria and cellular casts as well. Hypertension may
be a feature of certain forms of acute GN (Fig. 2).

Supportive care is a critical component of the management of ATI.
The goal is to maintain adequate fluid, electrolyte, and acid-base balance
throughout the course of the AKI. To accomplish it, careful monitoring of
volume status is required by daily evaluation of fluid intake and output.
Cautious administration of fluids should be considered, especially in
patients with oliguria and risk of volume overload [7]. Electrolytes and
acid-base status must be checked daily. Careful vigilance for development
of uremia may be challenging because of confounding HE. Ultimately,
the need for renal replacement therapy (RRT) should be assessed continu-
ously [40, 76].

2. Pharmacological therapy for acute GN

Although viral (hepatitis B and C) associated GN are reported in
patients with cirrhosis, they commonly present with a subacute or chronic
clinical course rather than AKI. However, severe cases, particularly those
associated with crescentic glomerular lesions or cryoglobulinemia, can pre-
sent with AKI [77, 78]. Similarly, IgA nephropathy, the most common cause
of GN in cirrhosis, typically presents as an indolent or a chronic condition.
However, very rarely, it can present as a rapidly progressive GN [79]. There-
fore, antiviral, and immunosuppressive therapies may need to be employed
to treat AKI in a patient with cirrhosis in the appropriate context.
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3. Drug discontinuation with/without immunosuppression for AIN

Limited literature exits regarding management of AIN in patients with
decompensated cirrhosis. Extrapolating from reports in the general popu-
lation, urine microscopy with leukocyturia in the absence of urinary tract
infection should raise suspicion for AIN. Early identification, withdrawal of
offending agents (e.g., penicillins, fluoroquinolones, proton-pump inhibi-
tor), and initiation of corticosteroids within 7 days of drug withdrawal with
persistent AKI remain the cornerstone of management [74].

Obstructive uropathy
]

Rare cases of tense ascites presenting as bilateral hydronephrosis and bladder
outlet obstruction have been reported in patients with decompensated cirrho-
sis [80]. Placement of an indwelling bladder catheter and a kidney ultrasound
verifying the cause of obstruction should be considered. Particular attention
should be paid to medications like anticholinergics and antipsychotics that
could cause detrusor sphincter dyssynergia and bladder outlet obstruction.
Urinary retention and bladder outlet obstruction due to midodrine have been
reported in patients with spinal cord injury [81]. Hence, midodrine should be
administered with caution in patients with cirrhosis and concerns for bladder
outlet obstruction.

Renal replacement therapy

In patients with decompensated cirrhosis, AKI often progresses to life-
threatening kidney failure which creates the dilemma of initiating RRT
in patients with exceptionally poor short-term prognosis in the absence
of liver transplantation [42]. Early studies suggested that in patients with
HRS-1, RRT was associated with lower short-term survival. However, more
recent evidence suggests that RRT initiation should not depend on the eti-
ology of AKI for 2 reasons. First, the outcomes in patients with liver failure
and AKI due to either ATI or HRS-1 are comparably poor. A study of 472
cirrhotic patients that required RRT for AKI demonstrated that the 6-month
mortality for patients not listed for LT was 85% and did not differ between
ATT and HRS-1 [82]. Notably, older age, higher MELD score, and presence
of critical illness were more robust predictors of mortality than the etiol-
ogy of AKI [82]. Second, differentiation between ATI and HRS-1 cannot be
reliably performed using currently available diagnostic approaches. [43,
83] Therefore, the decision to initiate RRT must consider conventional and
liver failure-specific indications for RRT, the patient’s eligibility for liver
transplantation, and the patient’s goals of care (Fig. 3). Prior to initiation
of RRT, clinicians must weigh the potential benefit of RRT against the risk
for RRT-related complications in the context of cirrhosis. Patients with
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Fig. 3 Approach to initiation of renal replacement therapy (RRT) in patients with liver failure and acute kidney injury (AKI)
unresponsive to medical management. *Liver failure-specific indications for RRT include severe hyponatremia or volume
overload resulting in elevated intracranial pressure and risk of brainstem herniation. **Palliative care consultation should
not be limited to individuals who are ineligible for liver transplantation.

cirrhosis are susceptible to complications which may limit both the safety
and feasibility of RRT. Thrombocytopenia and coagulopathy may increase
the risk of bleeding, especially during placement of central venous access.
RRT may exacerbate pre-existing hemodynamic instability due to third-
spacing, hemorrhage, or cardiac dysfunction [84, 85]. Filter clotting may
be increased in cirrhosis, whereas systemic anticoagulation may exacerbate
gastrointestinal bleeding. In addition, impaired hepatic citrate metabolism
may limit the safety of regional citrate anticoagulation [85, 86].

The conventional indications for RRT in patients with AKI include
hyperkalemia or volume overload refractory of medical therapy, uremia, or
severe acidemia. An additional indication that specific to cirrhosis may be
severe hyponatremia [84, 85]. Intermittent hemodialysis (IHD) and con-
tinuous renal replacement therapy (CRRT) are the main RRT modalities.
CRRT is preferred in patients with hemodynamic instability. In contrast
to IHD, CRRT allows for gradual correction of hyponatremia and does
not increase intracranial pressure. Intraoperative CRRT can be performed
during liver transplantation to manage perioperative volume overload and
to mitigate life-threatening hyperkalemia due to large blood transfusions
and liver allograft reperfusion [86-88]. RRT is generally appropriate as a
bridge to transplantation in patients who are eligible for LT [44, 45, 89,
90]. In patients who are not listed for liver transplant, a time-limited trial
of RRT may be reasonable to allow time for re-assessment of transplant
candidacy, provide supportive care, and evaluate for recovery of kidney
function. Palliative care consultation should be considered, and the goals
of care should be addressed with the patient, family, and primary treating
team prior to initiation of RRT [89, 90].
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