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Acute kidney injury (AKI) is a common clinical 
problem in the critically ill, associated with  
 a two- to six-fold increased risk of death 

depending on its severity.1 Patients hospitalized with 
cirrhosis are a particularly high-risk population for 
this complication, often with devastating results. 
Nearly 30% of these patients develop AKI, with 
reported mortality rates as high as 50% to 90%.2 

More than 60% of AKI cases in patients with 
cirrhosis are attributable to prerenal factors, such 
as hypovolemia, hypotension, or hypoperfusion.2 
Hepatorenal syndrome (HRS) is a distinct form of 
prerenal kidney injury caused by the pathophysiologic 
abnormalities of systemic arterial vasodilatation and 
renal vasoconstriction found in cirrhosis. Patients 

with cirrhosis and ascites have a 50% probability of 
developing HRS within a five-year period, and HRS 
has been reported in approximately 20% of patients 
with cirrhosis and with AKI.3 Recent reports have 
shown the presence of urinary biomarkers for tubular 
injury and cases of acute tubular necrosis (ATN) 
in HRS, suggesting that this condition represents 
a continuous spectrum that starts with functional 
abnormalities and may progress to include intrinsic 
renal damage.4

Serum creatinine (sCr) remains the most practical 
biomarker of renal function in patients who have AKI 
with or without cirrhosis, although its limitations 
are more pronounced in patients with liver disease. 
Malnutrition, muscle wasting, and reduced liver 
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function in patients with advanced 
cirrhosis can reduce sCr formation by 
more than 20%, while tubular secretion 
is decreased. The increased volume of 
distribution often seen in cirrhosis may 
dilute sCr, and some laboratory assays 
(Jaffe reaction-based) give a falsely low 
sCr in the setting of high bilirubin levels 
(> 2 mg/dL). These effects often result in 
an overestimate of glomerular filtration 
rate (GFR) in cirrhotic patients using sCr 
alone.5 Previous criteria for the diagnosis 
of AKI or HRS in cirrhosis using a fixed 
threshold of sCr (≥ 1.5 mg/dL for AKI 
or ≥ 2.5 mg/dL for HRS)6,7 are therefore 
problematic. An sCr ≥ 1.5 mg/dL in 
this population often signifies a marked 
reduction in GFR (≤ 25 mL/min), and these 
fixed thresholds do not consider dynamic 
sCr changes in the preceding days or weeks 
necessary to distinguish between acute and 
chronic kidney injury.5 

PATHOPHYSIOLOGY
The pathophysiology of HRS is complex. 
Current evidence suggests there are 
two closely interrelated mechanisms 
contributing to the renal dysfunction in 
cirrhosis. Elevated portal pressure causes 
endothelial sheer stress in the splanchnic 
circulation, resulting in increased synthesis 
of nitric oxide, which contributes to 
peripheral arterial vasodilation in the 
splanchnic and systemic circulation. 
This vasodilatory state leads to renal 
hypoperfusion and subsequent activation 
of the renin-angiotensin-aldosterone 
system (RAAS), arginine-vasopressin, 
and endothelin-1 that results in further 
renal vasoconstriction and persistent 
hypoperfusion. RAAS activation also 
increases sodium-water retention, ascites, 
and peripheral edema formation, and 
increases sympathetic activity, which, 
combined with systemic vasodilatation, 
contributes to high cardiac output and 
hyperdynamic circulation.8-10 Patients with 
cirrhosis also have evidence of increased 
systemic inflammation, with elevated levels 
of tumor necrosis factor alpha (TNFα), 
interleukin-6 (IL-6), interferon-gamma 
(INF-γ), C-reactive protein (CRP), and 
reactive oxygen species in > 80% of these 
patients.11-13 These findings have been 
attributed to increased translocation 
of viable bacteria or bacterial products 
(pathogen-associated molecular patterns, 
or PAMPs) from the intestinal lumen to 

the mesenteric lymph nodes and then to 
the intrahepatic reticuloendothelial system 
as a consequence of intestinal bacterial 
overgrowth, structural abnormalities in the 
intestinal mucosa, and reduced intestinal 
mucosal immune function that commonly 
are present in patients with cirrhosis.8,14 
This inflammatory cascade contributes 
to arterial vasodilatation through further 
nitric oxide synthesis and also can cause 
direct tissue damage, evidenced by 
increased levels of urinary biomarkers 
of tubular injury (β2-microglobulin or 
neutrophil-gelatinase associated lipocalin 
[NGAL]) and features of ATN that 
have been identified now using electron 
microscopy in renal biopsies of patients 
with AKI-HRS.4,15

PRECIPITATING FACTORS
HRS develops in clinical situations that 
exacerbate the underlying vasodilatation 
and systemic inflammation in patients with 
cirrhosis. Bacterial infection is considered 
the most common precipitant of HRS. In 
patients listed for liver transplantation, 
bacterial infection due to urinary tract 
infections, cellulitis, spontaneous bacterial 
peritonitis (SBP), and bacteremia were the 
precipitating factors for 68% to 75% of 
HRS cases.16 SBP is accepted as the most 
common precipitating event for HRS.17 In 
fact, SBP prophylaxis is associated with a 
reduction in the subsequent development 
of HRS among patients with cirrhosis.18

Diuretic therapy at high doses can 
further exaggerate the reduction in 
effective arterial blood volume present in 
advanced cirrhosis and contribute to the 
development of HRS. Acute blood loss 
from gastrointestinal bleeding (GIB) also 
can reduce effective arterial blood volume 
and increase renal vasoconstriction, 
worsening renal perfusion.8 Many cirrhosis 
patients with GIB release multiple pro-
inflammatory cytokines due to stress and 
bacteremia that further predispose them to 
HRS.9 

Removal of more than 5 L (≥ 3 L in 
patients with body mass index [BMI] 
≤ 20) of ascitic fluid can reduce intra-
abdominal pressure significantly, increasing 
venous return and exaggerating splanchnic 
vasodilatation within the first 24 hours. 
These changes trigger the activation 
of various vasoconstrictor systems 
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over the following week, a phenomenon known as 
post-paracentesis circulatory dysfunction.9,19 Renal 
dysfunction can occur in 20% of patients after large 
volume paracentesis and can be prevented in about 
60% of cases by using intravenous hyperoncotic 
colloid (albumin 25% – 8 g per liter of fluid removed 
in this setting).19 

Acute-on-chronic liver failure due to conditions such 
as alcoholic hepatitis or ischemic liver injury often is 
associated with substantial intrahepatic inflammation, 
increasing the risk for HRS.20 In a well-designed meta-
analysis, neither corticosteroids nor pentoxifylline has 
been shown to reduce the incidence of HRS during 
acute alcoholic hepatitis in patients with underlying 
alcoholic cirrhosis.21 HRS in patients with acute-on-
chronic liver failure is more likely to have evidence of 
structural renal damage and, therefore, is more often 
prolonged and associated with more severe stages of 
renal dysfunction than other causes of renal failure in 
cirrhosis.22

DIAGNOSIS
New guidelines proposed by the International Ascites 
Club (IAC) and the Acute Dialysis Quality Initiative 
Group define AKI in cirrhosis as an increase in sCr 
by 0.3 mg/dL in less than 48 hours or an increase of 
≥ 50% from baseline stable sCr within the previous 
three months.23 This revised definition allows for AKI 
diagnosis at an earlier stage of renal dysfunction, 
facilitating earlier therapeutic intervention and 
identification of AKI cases (stages 2 and 3) usually 
associated with major complications (volume overload, 
acid-base imbalance, or electrolyte abnormalities) that 
may benefit from renal replacement therapy. 

HRS is defined as the development of renal failure 
in patients who have advanced liver failure (acute 
or chronic) in the absence of identifiable causes of 
renal pathology. It is divided into two types: acute, 
or type 1 HRS, and chronic, or type 2 HRS. New 
guidelines recognize type 1 HRS as acute kidney 
injury–hepatorenal syndrome (AKI-HRS) with a 
doubling of sCr from baseline without the prior rigid 
threshold of sCr 2.5 mg/dL or two-week time frame 
previously required for this diagnosis.10,23 In the same 
manner, type 2 HRS now is considered a form of 
chronic kidney disease (CKD-HRS) in which there 
is a steady increase in sCr over a period of months, 
usually in a patient with advanced cirrhosis (MELD 
> 20) and refractory ascites.23 Low urinary sodium 
(< 20 mmol/L), low fractional excretion of sodium 
(FENa < 1%), and low fractional excretion of urea 
(FEUrea < 28%) are sensitive measurements that have 
been found consistently in AKI-HRS, but with very 
low specificity for this condition.24 A previous large, 
multicenter observational study of urinary biomarkers 

of AKI in cirrhosis has shown that FENa was the only 
biomarker to distinguish HRS from prerenal azotemia 
when a cut-off < 0.1% is used.15 In addition, FEUrea 
> 28% also is valuable for distinguishing HRS from 
ATN, particularly in the presence of diuretics.25 Serum 
cystatin C correlates with GFR better than sCr and 
has been proposed to be a more accurate marker of 
kidney function in cirrhosis. In patients with cirrhosis, 
cystatin C has been shown to be an independent 
predictor for HRS and one-year survival.12,13 However, 
cystatin C assays are not uniformly available in clinical 
laboratories, and the practicality of implementing their 
use is questionable.

TREATMENT OF AKI IN CIRRHOSIS
Early recognition is essential to effectively managing 
AKI in cirrhosis patients. (See Figure 1.) Current 
guidelines recommend systematic evaluation of 
bacterial infection by culturing all possible sites (blood, 
urine, ascites, sputum) and inspecting the skin surfaces 
for cellulitis. The threshold for starting antibiotics 
should be low if clinical concern for infection is 
present. Administration of hyperoncotic albumin 
with a broad-spectrum cephalosporin in patients with 
SBP prevents AKI-HRS.26 Since HRS is a diagnosis of 
exclusion, urine should be examined for proteinuria, 
hematuria, and casts to evaluate for other causes of 
parenchymal renal disease. Nephrotoxic exposures 
(radiographic dyes, nonsteroidal anti-inflammatory 
drugs, angiotensin-converting enzyme inhibitors, and 
angiotensin II receptor blockers) should be minimized 
or withdrawn, and diuretics often are held in this 
setting.23 Acute blood loss anemia due to GIB should 
be corrected to a hemoglobin of 7-8 g/dL, since this 
restrictive approach has been shown to reduce the risk 
for further bleeding in patients with cirrhosis.27  

Patients with cirrhosis are at high risk of prerenal 
azotemia, and guidelines recommend a trial of albumin 
25% at a dose of 1 g/kg of actual body weight up to 
a maximum dose of 100 g/day for at least 48 hours 
in the absence of other complicating conditions.10,23 
AKI often will improve once precipitating events are 
removed and volume replacement is administered. 
Patients whose renal function does not return 
to baseline are considered to have a “volume 
nonresponsive AKI.”

Patients with “volume nonresponsive AKI” are at 
high risk for AKI-HRS, especially when evidence 
of renal hypoperfusion (oliguria, FENa < 0.1%) is 
present. These patients should receive vasopressor 
therapy to correct hypotension or improve mean 
arterial pressure (MAP) combined with hyperoncotic 
albumin administration.23 A pooled analysis of data 
from 501 patients across 21 studies showed a strong 
direct correlation between the magnitude of rise in 
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MAP and the improvement in renal function (absolute 
decrease in sCr) during vasoconstrictor therapy, 
irrespective of the vasoconstrictor used.28 Contrary 
to common assumption, the MAP in patients with 
AKI-HRS is approximately 70 mmHg in published 
studies. Targeting a MAP of 85-90 mmHg may not 
be unreasonable, and it was associated with greater 
chances of renal recovery (reversal of AKI-HRS), less 
requirement of dialysis, and better short-term and 
long-term overall survival.29,30 Because of the lack of 
availability of the vasopressin analog terlipressin in 
the United States, the preferred vasoconstrictor agent 
is norepinephrine. (See Figure 1.) Multiple controlled 
studies have demonstrated that norepinephrine was 
as effective as terlipressin, reversing AKI-HRS in 
45-60% of cases. Compared to those treated with 
terlipressin, patients treated with norepinephrine had 
a similar 30-day mortality (40-48%), similar 15-day 
relapse rates, but with significantly less severe ischemic 
complications.31-33 The recommended duration of 
vasoconstrictor therapy is a minimum of three days, 
and therapy should be extended to seven days in those 
patients who show favorable response.8,16,23,34 Because 
of the high rate of recurrence (40-60%) of AKI-HRS 

within 15 days, patients who experience a decline in 
renal function after stopping vasoconstrictor therapy 
should be re-treated with the same protocol.8,23

Because of the logistics and expense related with 
norepinephrine administration, the most widely used 
therapy to treat AKI-HRS is the combination of oral 
midodrine (α1 agonist), subcutaneous octreotide 
(somatostatin analog), and albumin. Many small 
prospective and retrospective studies have compared 
this combination to midodrine or albumin and 
showed mild benefits in renal function.35 However, it 
is important to recognize that in comparison studies, 
norepinephrine has been shown to be more effective 
than this combination to consistently increase MAP, 
improve AKI-HRS, and reduce its recurrence.36 

The contribution of portal hypertension in AKI-HRS 
development has prompted consideration of trans-
jugular intrahepatic portosystemic shunt (TIPS) as a 
therapy for this condition.37 Small-scale studies of TIPS 
in advanced cirrhosis have reported an improvement in 
kidney function at 30 days, reduced need for dialysis, 
and improved survival.38,39 A systematic review of 
nine studies showed a pooled rate of improvement in 

Figure 1: Algorithm for the Management of Acute Kidney Injury-Hepatorenal Syndrome 

ATN = acute tubular necrosis; AIN = acute interstitial nephrosis; Acute GN = acute glomerulonephritis; UO = obstructive uropathy
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kidney function of 93%, but a 46% rate of hepatic 
encephalopathy in addition to common periprocedural 
complications.40 
 
The definitive treatment for AKI-HRS is liver 
transplantation. It eliminates portal hypertension 
and liver dysfunction, the two pivotal pathogenetic 
mechanisms for the development of AKI-HRS. An 
estimated 65-75% of patients experience resolution 
of AKI-HRS after liver transplantation,41 with 
lower recovery for patients on dialysis at the time 
of transplantation.42 The lack of recovery in renal 
function is most likely secondary to structural renal 
damage induced by prolonged or unrecovered 
AKI-HRS.42 For patients who are eligible for liver 
transplantation, vasoconstrictor therapy is viewed 
as “bridge” therapy until a suitable donor is found. 
Among patients who are not candidates for liver 
transplantation, short-term survival is increased in 
those who respond to vasoconstrictor therapy.43,44 In 
a controlled study using vasoconstrictor therapy, the 
three-month survival rate of patients who achieved 
resolution of AKI-HRS was 40% compared to 
4% for those who did not respond to treatment.43 
Therefore, patients who have AKI-HRS should receive 
a timely liver transplant, especially in those who do 
not respond to vasoconstrictor therapy. The United 
Network for Organ Sharing in the United States 
has recommended that patients with AKI-HRS who 
have had dialysis for more than eight weeks in the 
pretransplant period be considered for a combined 
liver-kidney transplant (CLKT), indicating the unlikely 
event of reversal of renal dysfunction with liver 
transplant alone.45

SUMMARY
AKI and HRS are common conditions found 
in patients with cirrhosis, due to the systemic 
vasodilation and systemic inflammation frequently 
found in this population. HRS is recognized now to 
be a clinical continuum, starting with functional renal 
hypoperfusion, but often progressing to acute tubular 
injury if left untreated. As a result, guidelines have 
been revised recently to facilitate earlier recognition 
of these conditions, and aggressive management 
that includes systematic identification and treatment 
of precipitating factors, volume expansion with 
hyperoncotic albumin, and vasopressor administration 
to restore renal perfusion and reduce the risk of 
parenchymal damage. TIPS may be considered in 
refractory cases of AKI-HRS, but it is associated with 
a high rate of encephalopathy in this population, and 
early liver transplantation offers definitive treatment 
when performed early.  
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ABSTRACT & COMMENTARY

Early Dexmedetomidine Provides Similar  
90-Day Mortality Compared to Usual Care  
in Mechanically Ventilated Critically Ill Adults
By Drayton Hammond, PharmD, MBA, BCPS, BCCCP

Clinical Pharmacy Specialist, Adult Critical Care, Rush University Medical Center, Chicago

Dr. Hammond reports no financial relationships relevant to this field of study.

SYNOPSIS: When the early use of continuous infusion dexmedetomidine was compared to usual care for sedation in mechanically 
ventilated critically ill adults, there was no difference in 90-day mortality. Dexmedetomidine may not be an ideal sedative for mechanically 
ventilated critically ill adults requiring deeper sedation, although its use may result in greater ventilator-free, coma-free, or delirium-free 
days.

SOURCE: Shehabi Y, Howe BD, Bellomo R, et al. Early sedation with dexmedetomidine in critically ill patients. N Engl J Med 
2019;380:2506-2517.
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In mechanically ventilated critically ill adults, pain 
assessment and management are vital components 

to high-quality care.1 In patients for whom pain is 
being adequately managed but agitation develops, 
intravenous sedatives such as propofol and 
dexmedetomidine may be used to achieve a degree of 
sedation that supports safe and effective mechanical 
ventilation. Previous trials with dexmedetomidine 
routinely have had a benzodiazepine-centric 
comparator arm.2-4 Although a large trial comparing 
dexmedetomidine and propofol was conducted and 
found predominately similar outcomes between 
groups, except for reduced ventilation time and 
agitation in the dexmedetomidine group, a detailed 
investigation into other intermediate- and long-term 
patient-centered outcomes between these sedatives had 
not been performed. The SPICE III trial was performed 
to investigate these outcomes in a methodical manner 
with the largest sample size to date.5

A randomized, open-label trial was conducted in 74 
intensive care units in eight countries.5 Mechanically 
ventilated adults receiving sedatives who were 
expected to continue ventilatory support for at least 
one additional day were randomized within 4.6 
hours (interquartile range [IQR], 1.8-8.7 hours) to a 
continuous infusion of dexmedetomidine initiated at  
1 mcg/kg/hour or usual care (e.g., continuous infusions 
of propofol and/or midazolam). Rescue sedative use 
was allowed in both groups, although benzodiazepines 
were discouraged. Adequate analgesia was provided 
as determined by treating clinicians, and light sedation 
was targeted unless the treating clinician deemed 
this practice unsafe or contraindicated (e.g., receipt 
of neuromuscular blockade during acute respiratory 
distress syndrome). Other supportive care, including 
use of ABCDEF bundle components, was institution-
specific. 

At the time of randomization, approximately 
80% of patients were receiving propofol and 80% 
of patients were receiving fentanyl or morphine. 
Almost all patients in the intervention group received 
dexmedetomidine infusions during the intervention 
period (97.7%), and one-ninth (11.5%) of patients 
in the usual care group received dexmedetomidine. A 
surprisingly high number of patients (50-60%) had 
a clinical indication for deep sedation during the first 
two days of treatment post-randomization, which led 
to patients receiving adjunctive sedative agents in the 
dexmedetomidine group (64.7% received propofol, 
2.9% midazolam, 6.9% for both agents). Although 
many patients in both groups (78.5% vs. 80.7%) 
received fentanyl infusions, the average daily dosage 
was 800-1,000 mcg (equivalent to 33-42 mcg/hour.

The primary outcome, 90-day all-cause mortality, 
was similar between the dexmedetomidine and usual 
care groups (29.1% vs. 29.1%, mean difference 0.0 
percentage points, 95% confidence interval [CI], -2.9 
to 2.8). The only pre-specified subgroup for which 
a 90-day mortality difference was found was based 
on median age; patients younger than 63.7 years 
experienced mortality less frequently with usual 
care, while older patients experienced mortality less 
frequently with dexmedetomidine. Patients in the 
dexmedetomidine group experienced a greater median 
number of coma- or delirium-free days (24 vs. 23, 
adjusted risk difference 1.0 days, 95% CI, 0.5-1.5) and 
ventilator-free days (23 vs. 22, adjusted risk difference 
1.0, 95% CI, 0.4-1.6).

  COMMENTARY
When the early use of continuous infusion 
dexmedetomidine was compared to usual care (most 
commonly propofol) for sedation in mechanically 
ventilated critically ill adults, there was no difference 
in 90-day mortality. Compared to patients enrolled 
in the PRODEX trial,4 those in the SPICE III trial 
more frequently required deeper sedation based 
on clinicians’ assessments and preferences.5 This 
difference in desired sedation depth may explain 
the frequent use of adjunctive propofol in the 
dexmedetomidine group. However, the relatively 
low doses of opioid analgesics in both groups may 
have masked unmet patient needs for adequate pain 
management, which is a practice counter to guideline 
recommendations, but often is observed in practice.1 
The inclusion of patients who needed deeper sedation 
was likely unavoidable by trial investigators because 
of the early patient enrollment and represents a 
population that is unlikely to benefit from a sedative 
strategy primarily focused on dexmedetomidine, 
which is particularly emphasized by 35% of patients 
receiving a neuromuscular blocking agent that should 
be accompanied with a RASS of -4 to -5 (well beyond 
the target RASS of -2 to +1).

For those patients in whom dexmedetomidine 
is administered, caution should be provided for 
concomitant propofol use. This combination therapy 
is not used routinely in practice, so clinician and nurse 
experience with sedative titration and achievement of 
target RASS in a patient receiving both therapies may 
have driven the higher complication rate, particularly 
hypotension and bradycardia, in the dexmedetomidine 
group compared to the usual care group.6 Additionally, 
the starting dexmedetomidine dosage of 1 mcg/kg/
hour, which far exceeds a usual starting dosage of  
0.2-0.4 mcg/kg/hour, could explain some of the 
adverse effects observed. The observed difference 
in mortality when patients were stratified by age 
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1.  Which of the following is considered the 
most common precipitating factor for acute 
kidney injury-hepatorenal syndrome  
(AKI-HRS)?
a. High dose of spironolactone
b. Spontaneous bacterial peritonitis 
c. Large volume paracentesis
d. Urinary tract infections

2.  Which of the following situations occurs 
in patients with acute kidney injury-
hepatorenal syndrome (AKI-HRS)?
a. Fractional excretion of urea (FEUrea) 
|> 28%
b. Red blood cell casts
c. Evidence of septic shock
d. Ascites and peripheral edema 

3.  Regarding the therapy for acute kidney 
injury-hepatorenal syndrome (AKI-HRS), 
which of the following is correct?
a. Albumin is administered only when the 
patient is hypotensive (MAP < 65).
b. Oral midodrine-octreotide-albumin is 
the preferred therapy for AKI stage 2.
c. Norepinephrine and albumin offer 
greater chances of renal recovery compared 
to midodrine-octreotide-albumin. 
d. Vasoconstrictor therapy should target a 
MAP no greater than 75.

4.  In the SPICE III trial, at what dosage was 
dexmedetomidine initiated?
a. 0.2 mcg/kg/hour
b. 0.4 mcg/kg/hour
c. 0.7 mcg/kg/hour
d. 1 mcg/kg/hour 

warrants further consideration by clinicians 
and researchers, as this may be a spurious 
finding or one with a pathophysiological 
basis previously unappreciated. 
Dexmedetomidine may not be an ideal 
sedative for mechanically ventilated critically 
ill adults requiring deeper sedation, although 
its use may result in a greater number of 
mechanical ventilation-free and coma-free or 
delirium-free days.  

REFERENCES
1. Devlin JW, Skrobik Y, Gélinas C, et al. Clinical prac-

tice guidelines for the prevention and management 
of pain, agitation/sedation, delirium, immobility, and 
sleep disruption in adult patients in the ICU. Crit 
Care Med 2018;46:e825-e873.

2. Pandharipande PP, Pun BT, Herr DL, et al. Effect of 
sedation with dexmedetomidine vs lorazepam on 
acute brain dysfunction in mechanically ventilated 

patients: The MENDS randomized controlled trial. 
JAMA 2007;298:2644-2653.

3. Riker RR, Shehabi Y, Bokesch PM, et al. Dexme-
detomidine vs midazolam for sedation of critically ill 
patients: A randomized trial. JAMA 2009;301: 
489-499.

4. Jakob SM, Ruokonen E, Grounds RM, et al. 
Dexmedetomidine vs midazolam or propofol for 
sedation during prolonged mechanical ventila-
tion: Two randomized controlled trials. JAMA 
2012;307:1151-1160.

5. Shehabi Y, Howe BD, Bellomo R, et al; ANZICS 
Clinical Trials Group and the SPICE III Investigators. 
Early sedation with dexmedetomidine in critically ill 
patients. N Engl J Med 2019;380:2506-2517.

6. Lonardo NW, Mone MC, Nirula R, et al. Propofol 
is associated with favorable outcomes compared 
with benzodiazepines in ventilated intensive 
care unit patients. Am J Respir Crit Care Med 
2014;189:1383-1394.


