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Objectives: To develop evidence-based recommendations for cli-
nicians caring for adults with acute or acute on chronic liver failure 
in the ICU.
Design: The guideline panel comprised 29 members with expertise 
in aspects of care of the critically ill patient with liver failure and/
or methodology. The Society of Critical Care Medicine standard 
operating procedures manual and conflict-of-interest policy were 
followed throughout. Teleconferences and electronic-based dis-
cussion among the panel, as well as within subgroups, served as 
an integral part of the guideline development.
Setting: The panel was divided into nine subgroups: cardiovas-
cular, hematology, pulmonary, renal, endocrine and nutrition, gas-
trointestinal, infection, perioperative, and neurology. 
Interventions: We developed and selected population, interven-
tion, comparison, and outcomes questions according to impor-
tance to patients and practicing clinicians. For each population, 
intervention, comparison, and outcomes question, we conducted 
a systematic review aiming to identify the best available evidence, 
statistically summarized the evidence whenever applicable, and 
assessed the quality of evidence using the Grading of Recom-
mendations Assessment, Development, and Evaluation approach. 
We used the evidence to decision framework to facilitate recom-
mendations formulation as strong or conditional. We followed 
strict criteria to formulate best practice statements.
Measurements and Main Results: In this article, we report 29 rec-
ommendations (from 30 population, intervention, comparison, and 
outcomes questions) on the management acute or acute on chronic 
liver failure in the ICU, related to five groups (cardiovascular, hema-
tology, pulmonary, renal, and endocrine). Overall, six were strong 

recommendations, 19 were conditional recommendations, four 
were best-practice statements, and in two instances, the panel did 
not issue a recommendation due to insufficient evidence.
Conclusions: Multidisciplinary international experts were able to 
formulate evidence-based recommendations for the management 
acute or acute on chronic liver failure in the ICU, acknowledging 
that most recommendations were based on low-quality indirect 
evidence. (Crit Care Med 2020; 48:e173–e191)
Key Words: acute liver failure; acute on chronic liver failure; 
clinical practice guidelines; evidence-based medicine; Grading 
of Recommendations Assessment, Development, and Evaluation 
criteria

Patients with acute liver failure (ALF) or acute on chronic 
liver failure (ACLF) are at high risk of developing critical 
illness. Once critical illness occurs, mortality is exceed-

ingly high and often the definitive treatment is liver transplan-
tation. The unique pathophysiology of liver disease leading 
to critical illness portends unique manifestations in various 
organ systems. Strategies used to manage organ complications 
in general critical illness are not always applicable to the care 
of the patient with liver failure. As with many other illnesses, 
early recognition and prompt management of liver failure and 
its complications may improve outcomes.

In this document, we provide evidence-based recommen-
dations intended to guide the practicing clinicians (critical care 
and emergency physicians and other healthcare professionals 
including pharmacists, nurses, advanced practice providers, 
and dietitians) caring for the critically ill patient with liver 
failure. These guidelines are meant to supplement and not re-
place an individual clinician’s cognitive decision-making. The 
primary goal of these guidelines is to aid best practice and not 
represent standard of care.

For the purposes of this guideline, ACLF is a syndrome 
characterized by acute decompensation of cirrhosis, organ dys-
function, and high short-term mortality (1). In contrast, ALF is 
defined by the occurrence of encephalopathy and hepatic syn-
thetic dysfunction within 26 weeks of the first symptoms of liver 
disease in a patient without evidence of chronic liver disease (2).

METHODOLOGY

Selection and Organization of Committee Members
Co-chairs and co-vice-chairs were appointed by the Society of 
Critical Care Medicine (SCCM). Chairs and vice-chairs in col-
laboration with SCCM chose committee members from two 
groups of individuals: 1) practicing clinicians with expertise in 
aspects of care of the critically ill patient with liver failure and 
2) experts in methodology. Methodologists were provided by 
the Guidelines in Intensive Care, Development and Evaluation 
Group. Members of the guideline committee were intensivists, 
gastroenterologists, hepatologists, anesthesiologists, infectious 
disease specialists, transplant physicians, pharmacists, dieti-
cians, and advanced practice providers.
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The panel had a total of 29 members and was then divided 
into groups including cardiovascular, endocrine, hematologic, 
pulmonary, and renal considerations. Each group was assigned 
a group leader, a methodologist, and expert panel members. 
The group leader was responsible for development of popu-
lation, intervention, comparison, and outcomes (PICO) ques-
tions for their respective group (with input from the chairs and 
entire guideline committee), leading group meetings, assign-
ment of tasks to group members, managing activities culmi-
nating in recommendations (e.g., evidence to decision [EtD] 
frameworks) and finalizing drafts of recommendations prior 
to guideline committee voting.

MANAGEMENT OF CONFLICT OF INTEREST
The guideline panel and the Chairs completed a standard-
ized SCCM conflicts of interest (COI) declaration form. The 
chairs of the guideline reviewed and adjudicated all reported 
COI by panel members. Individuals who disclosed a COI or 
potential COI (electronically or verbally) during the process 
of guideline development, were asked to abstain from voting 
on recommendations where conflict existed. The committee 
followed all procedures as documented in the American Col-
lege of Critical Care Medicine/SCCM Standard Operating 
Procedures Manual. Overall, 11 panel members disclosed po-
tential secondary COI (intellectual COI). All panel members 
were asked to disclose any financial COI; none disclosed any 
financial COI. We assigned panel members with potential in-
tellectual COI to groups were COI does not exist.

QUESTION DEVELOPMENT AND OUTCOME 
PRIORITIZATION
In this document, we only included questions from five groups 
(cardiovascular, hematology, pulmonary, renal, and endocrine 
and nutrition). All questions were developed in the PICO format 
when applicable. Questions were developed via in-person meet-
ings, emails, and teleconferences with input from the guideline 
committee. Final decisions regarding question inclusion were de-
termined by arriving at consensus through discussion between 
the co-chairs, vice-chairs, group heads, and methodologists; pri-
oritization was based on potential importance to patients and 
end-users of the guidelines rather than experts’ perspectives or 
interests. Although additional questions were considered 30 ques-
tions are included in these guidelines. We provide the complete list 
of PICO questions for this document in Appendix Table 1 (Sup-
plemental Digital Content 1, http://links.lww.com/CCM/F235).

We used the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) approach to prioritize 
outcomes and took the patient perspective during the priori-
tization process. First, we asked panel members in each group 
to list potentially relevant outcomes for each PICO questions. 
Then we sent an electronic survey asking each panelist to rate 
each of the listed outcomes on a scale from one (not impor-
tant) to nine (critical). Outcomes with a mean rating of seven 
or more were considered critical and were included under each 
question.

SYSTEMATIC REVIEW
For each of the questions, the medical librarian, with input 
from panelist and methodologist, performed independent lit-
erature searches. Group members in concert with group heads 
and methodology leads provided pertinent search terms and 
appropriate key words for each question. A minimum of two 
major databases (Medline, Cochrane Registry, or EMBASE) 
were searched for relevant studies from inception to 2018.

SCREENING AND DATA ABSTRACTION
After finalizing the searches for each PICO question, a panel 
member screened the titles and abstracts, reviewed full text of 
potentially relevant articles. The aim was to identify recently pub-
lished systematic reviews, relevant randomized controlled trials 
(RCTs), and lastly relevant observational studies. When more 
than one relevant systematic review was identified, we prioritized 
the most recent and higher quality review based on the assess-
ment of the panelist and methodologist assigned to that question. 
Panel members then used a standardized data abstraction sheet 
to abstract data on population, interventions, and outcomes.

RISK OF BIAS ASSESSMENT
Panel members, with input from methodologists, used the 
Cochrane risk of bias tool to assess the risk of bias of RCTs (3) 
and Newcastle Ottawa Scale to assess risk of bias of nonran-
domized studies (4).

SUMMARIZING THE EVIDENCE
When applicable, the methodologists used meta-analytic tech-
niques to generate pooled estimates for two or more studies. For 
meta-analysis of RCT data, we used random-effects model and 
inverse variance method to pool estimates across relevant stud-
ies. We reported relative risks (RRs) and 95% CI for binary out-
comes, and mean difference (MD) and 95% CI for continuous 
outcomes. For observational (nonrandomized) data, we con-
ducted meta-analysis if all individual studies provided adjusted 
estimates and not just crude values, and included both an in-
tervention and a control arm; we used random-effects model 
and inverse variance method to pool adjusted odds ratio (OR) 
across relevant studies, presenting OR and 95% CI for binary 
outcomes. All analyses were conducted using RevMan software 
(Review Manager, Version 5.3; Copenhagen, Denmark, The 
Nordic Cochrane Center, The Cochrane Collaboration, 2014).

GRADE ASSESSMENT
The GRADE approach principles guided the assessment of 
quality of evidence from high to very low and were used to 
determine the strength of recommendations. The GRADE 
approach to assess the quality of evidence is based on the eval-
uation of six domains: 1) risk of bias, 2) inconsistency, 3) in-
directness, 4) imprecision, 5) publication bias, and 6) other 
criteria (5). The methodologist in each group performed the 
initial assessment of quality of evidence (as high, moderate, 
low, or very low), incorporated feedback from panel members, 
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and generated evidence profiles using GRADE pro Guideline 
Development Tool (GDT) software (6).

FORMULATION OF RECOMMENDATIONS
In a series of webinars, methodologists reviewed the relevant 
data for each PICO question with subgroup members to for-
mulate initial recommendations. Each of the groups used the 
EtD framework to facilitate transition from evidence to the 
final recommendation. The EtD framework ensure that panel 
members take into consideration the quality of evidence, mag-
nitude of effect, patients’ values and preferences, resources, 
cost, acceptability, and feasibility (7).

Applying the GRADE approach, we classified recommen-
dations as strong or conditional using the language “We rec-
ommend…” or “We suggest…,” respectively. The strength of 
a recommendation reflects the confidence regarding whether 
the desirable consequences of the recommended intervention 
would outweigh the undesirable consequences. Thus, a strong 
recommendation in favor of an intervention reflects that the 
desirable effects of adherence will clearly outweigh the unde-
sirable effects. The implications of calling a recommendation 
strong are that most patients would accept that intervention and 
that most clinicians should use it in most situations. However, 
a strong recommendation does not imply a standard of care, 
and circumstances may exist in which a strong recommendation 
cannot or should not be followed for an individual patient. A 
conditional recommendation indicates that the desirable effects 
of adherence will probably outweigh the undesirable effects, but 
confidence is diminished either because the quality of evidence 
or the benefits and risks were closely balanced. We anticipate 
that a conditional recommendation, while still relevant for most 
patients in most settings, will be more heavily influenced by clin-
ical circumstances and patients’ values (Table 1). Strong recom-
mendations based on low quality of evidence can be justified 
rarely, such as in life-threatening scenarios or when there is a 
critical imbalance in benefit and risk (8).

Best practice statements (BPSs) were developed as ungraded 
strong recommendations in adherence with strict conditions 
(Table 2) (9).

VOTING PROCESS
After each group formulated draft recommendations, all com-
mittee members received links to an electronic survey, each non-
conflicted member had to indicate agreement or disagreement, 
while conflicted members abstained from voting on recommen-
dations in which COI exists. We defined consensus and accepted 
the recommendation if there was 80% consensus agreement 
among at least 75% of the committee members. Disagreements 
were resolved through teleconference calls, emails, and re-voting 
with modifications to statements to reach consensus. We used 
up to three rounds of voting to resolve disagreements.

CARDIOVASCULAR SECTION

Choice of Initial Resuscitation Fluid
Recommendation: We recommend against using hydroxy-
ethyl starch for initial fluid resuscitation of patients with 

TABLE 1. Implications of the Strength of Recommendation

Stakeholder Strong Recommendation Conditional Recommendation

Patients Most individuals in this situation would want the 
recommended course of action and only a small 
proportion would not

The majority of individuals in this situation would 
want the suggested course of action, but 
many would not

Clinicians Most individuals should receive the recommended 
course of action. Adherence to this recommendation 
according to the guideline could be used as a quality 
criterion or performance indicator. Formal decision 
aids are not likely to be needed to help individu-
als make decisions consistent with their values and 
preferences

Different choices are likely to be appropriate for 
different patients, and therapy should be tai-
lored to the individual patient’s circumstances. 
Those circumstances may include the patient 
or family’s values and preferences

Policy makers The recommendation can be adapted as policy in most 
situations including for the use as performance 
indicators

Policy making will require substantial debates 
and involvement of many stakeholders. 
Policies are also more likely to vary between 
regions. Performance indicators would 
have to focus on the fact that adequate 
deliberation about the management options 
has taken place

TABLE 2. Criteria for Best Practice 
Statement

Criteria for Best Practice Statement

1) Is the statement actionable?

2) Is the message necessary?

3) Is the net benefit (or harm) unequivocal?

4) Is the evidence difficult to collect and summarize?

5) Is the rationale explicit?

6) Is this better to be formally Grading of Recommendations 
Assessment, Development and Evaluation (GRADE)ed?

http://guide.medlive.cn/
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ALF or ACLF (strong recommendation, moderate-quality 
evidence).

Recommendation: We suggest against using gelatin solu-
tions for initial fluid resuscitation of patients with ALF or 
ACLF (conditional recommendation, low-quality evidence).

Rationale: Liver failure is a hyperdynamic state resulting in 
increased cardiac output and decreased or near-normal blood 
pressure. The primary mechanism behind this hyperdynamic 
circulation is peripheral and splanchnic vasodilation (10). As 
such, most patient are candidates for fluid resuscitation.

There are no large randomized trials comparing different 
resuscitation fluids in patients with liver failure. Meta-analyses 
of trials in critically ill patients suggest no benefit of hydroxy-
ethyl starch (11) or gelatin solutions (12) over crystalloids, with 
some suggestion of risk when higher-quality trials are analyzed 
separately (11). These trials are limited by indirectness, as few 
patients with liver failure are included (Appendix Table 2, 
Supplemental Digital Content 2, http://links.lww.com/CCM/
F236), but there is no compelling rationale for use of these 
agents in patients with liver failure. Furthermore, starches may 
exacerbate coagulopathy in liver failure.

Albumin As Resuscitation Fluid
Recommendation: We suggest using albumin for resuscita-
tion of patients with ALF or ACLF over other fluids, especially 
when serum albumin is low (< 3 mg/dL) (conditional recom-
mendation, low-quality evidence).

Rationale: Human serum albumin is synthesized in the 
liver and is the main plasma protein responsible for oncotic 
pressure. The rationale for its administration has traditionally 
rested on increasing intravascular volume, but albumin also 
has antioxidant, immunoregulatory, and endothelial regula-
tory functions (13, 14). In patients with liver failure, in addition 
to low circulating levels consequent to decreased production, 
albumin function may be impaired (14). As such, the rationale 
for albumin administration in patients with liver failure may 
be stronger than in other conditions.

Administration of albumin in conjunction with high-vol-
ume paracentesis in patients with ascites has been shown by 
meta-analysis to prevent paracentesis-induced circulatory dys-
function (OR, 0.39; 95% CI, 0.27–0.55) and to decrease mor-
tality (OR, 0.64; 95% CI, 0.41–0.98) (15). This suggests that 
the benefit of albumin results at least in part from improved 
hemodynamics, but contributions from other effects remain 
possible.

A robust network meta-analysis did not show benefits of al-
bumin compared with crystalloids in patients with sepsis (OR, 
0.81; 95% CI, 0.64–1.03) (Appendix Table 3, Supplemental 
Digital Content 3, http://links.lww.com/CCM/F237) (16). The 
Albumin Replacement in Patients with Severe Sepsis or Septic 
Shock (ALBIOS) trial did not show decreased mortality with 
albumin replacement targeted to a serum level greater than 
3 mg/dL for the first 28 days in 1,818 patients with severe sepsis 
and septic shock (OR, 1.00; 95% CI, 0.87–1.04), but mortality 
was decreased (RR, 0.87; 95% CI, 0.77–0.99) in patients with 
septic shock at enrollment (17).

The septic shock data are indirect for liver failure, costs may 
be prohibitive in resource poor settings and the paracentesis data 
may not be directly applicable to resuscitation for shock; none-
theless, the pathophysiologic rationale in liver failure suggest that 
albumin administration could be considered in this population.

Blood Pressure Targets
Recommendation: We suggest targeting a mean arterial pres-
sure (MAP) of 65 mm Hg in patients with ALF or ACLF, with 
concomitant assessment of perfusion (conditional recommen-
dation, moderate-quality evidence).

Remarks: Some patients will have adequate perfusion at a 
lower MAP, and others will have improvement of perfusion at 
a higher MAP.

Rationale: The precise MAP goal target in patients with liver 
failure remains uncertain, particularly because liver failure is a 
hyperdynamic vasodilatory state in which flow may be main-
tained at lower pressures (18). Animal models of hemorrhagic 
shock suggest that below a MAP of 60 mm Hg, autoregulation 
is compromised in the coronary, renal, and cerebrovascular 
vascular beds (19, 20).

In sepsis, guidelines recommend that MAP should be main-
tained above 60 (21) or 65 mm Hg (22). Randomized trials in 
patients with septic shock testing increases in MAP from 65 to 
85 mm Hg have in general found similar effects on metabolic vari-
ables or renal function (23–25) although a prespecified subgroup 
with preexisting hypertension in the Sepsis and Mean Arterial 
Pressure (SEPSISPAM) trial of patients had less risk of needing 
renal replacement therapy (RRT) with high MAP (Appendix 
Table 4, Supplemental Digital Content 4, http://links.lww.com/
CCM/F238) (25). The Surviving Sepsis Guidelines strong recom-
mendation with moderate-quality evidence was based on data 
pertaining to raising MAP above 65. Data that failure to maintain 
MAP at 60–65 mm Hg worsens outcome are sparse. One retro-
spective study reported that area/time under MAP of 60 correlated 
with 30-day mortality in patients with septic shock (26).

In view of this indirect evidence, a target MAP of 65 mm 
Hg in patients with liver failure seems reasonable. It should be 
recognized that individual patients may have blood pressures 
somewhat lower than these thresholds without hypoperfusion. 
The blood pressure target should be individualized and sup-
plemented by assessment of the adequacy of perfusion.

Monitoring Blood Pressure
Recommendation: We suggest placing an arterial catheter for 
blood pressure monitoring in patients with ALF or ACLF and 
shock (conditional recommendation, low-quality evidence).

Rationale: In shock states, estimation of blood pressure 
using a cuff, especially an automated measurement system, 
may be inaccurate. Use of an arterial cannula provides a more 
appropriate and reproducible measurement of arterial pres-
sure (21, 27) and allows beat-to-beat analysis so that decisions 
regarding therapy can be based on immediate and reproduc-
ible blood pressure information (28).

Insertion of radial arterial catheters is generally safe in both 
general critical care patients (29) and in patient with liver failure 
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(30), especially when guided by ultrasound (31). Radial catheters 
may underestimate arterial pressure in some instances (32) but 
the infection risk is higher with femoral artery catheters (33).

Invasive Hemodynamic Monitoring
Recommendation: We suggest using invasive hemodynamic 
monitoring to guide therapy in patients with ALF or ACLF and 
clinically impaired perfusion (conditional recommendation, 
low-quality evidence).

Rationale: Clinical assessment of the adequacy of intravas-
cular volume and cardiac output can be particularly challeng-
ing in patients with liver failure.

In patients with persistent hypoperfusion despite empiric 
adjustment of standard therapies, uncertain fluid status, symp-
tomatic low blood pressure, worsening renal function despite 
therapy or in those who require parenteral vasoactive agents, 
invasive hemodynamic monitoring can help determine the rel-
ative contributions of filling pressures, cardiac function, and 
vascular tone to that decompensation. This can help guide 
both the type of therapy and its dosing.

Proving that use of a monitoring technique improves a 
therapeutic outcome is challenging since the outcome depends 
on the efficacy of the therapy, particularly for hemodynamic 
therapies in patients with liver failure, in whom hepatic func-
tion rather than cardiovascular function drives outcomes.

Many of the complications of invasive hemodynamic moni-
toring pertain to central venous cannulation and do not differ 
between pulmonary artery and central venous catheter inser-
tion in clinical trials (34–39). Pulmonary artery catheterization 
(PAC) is associated with the potential for tachyarrhythmias, al-
though this is not associated with increased mortality (36, 37).

Complications of invasive monitoring (including arterial 
cannulation for measurement of blood pressure) after liver 
transplantation are low; PAC was not associated with any com-
plications in this report (30).

However, it is important to recognize that invasive hemo-
dynamic monitoring is best reserved for situations in which a 
specific clinical or therapeutic question needs to be addressed. 
Depending of the clinical scenario, clinicians may use judg-
ment to determine the type of invasive hemodynamic monitor 
that is appropriate for the individual patient

The role of noninvasive hemodynamic monitoring through 
modalities such as echocardiography is expanding in the care of 
the critically ill patient; however, as of this writing, there is a lack of 
data on the use of such monitoring in ALF/ACLF. At the discretion 
of the treating clinician and after careful evaluation of advantages 
and pitfalls, noninvasive technology maybe used for hemodynamic 
monitoring and clinical decision-making in ALF/ACLF

Choice of First-Line Vasopressor Agent
Recommendation: We recommend using norepinephrine as a 
first-line vasopressor in patients with ALF or ACLF, who re-
main hypotensive despite fluid resuscitation, or those with 
profound hypotension and tissue hypoperfusion even if fluid 
resuscitation is ongoing (strong recommendation, moderate-
quality evidence).

Rationale: Shock states in liver failure are typically char-
acterized by distributive physiology. Therefore, despite a pau-
city of studies directly related to liver failure, indirect evidence 
from studies in septic shock (13) suggests that norepinephrine 
should be the first-line vasopressor in shock associated with 
liver failure. Studies comparing norepinephrine to dopamine 
in septic shock suggest that norepinephrine is more effective 
than dopamine in reversing hypotension. A systematic review 
and meta-analysis of 11 randomized clinical trials (n = 1,710) 
comparing norepinephrine with dopamine indicated that nor-
epinephrine was associated with lower mortality (RR, 0.89; 
95% CI, 0.81–0.98) and lower risk of arrhythmias (RR, 0.48; 
95 % CI, 0.48–0.58) (Appendix Table 5, Supplemental Digital 
Content 5, http://links.lww.com/CCM/F239) (40).

Studies comparing epinephrine with norepinephrine do 
not demonstrate a difference in mortality, including a meta-
analysis of four RCTs (n = 540) showing uncertain effect on 
mortality (RR, 0.96; 95% CI, 0.77–1.21) (Appendix Table 5, 
Supplemental Digital Content 5, http://links.lww.com/CCM/
F239) (41). However, human and animal studies suggest that 
epinephrine may cause more splanchnic vasoconstriction, and 
therefore may increase the risk of mesenteric and hepatic is-
chemia in the setting of liver failure. Furthermore, epineph-
rine may increase aerobic lactate production in muscle tissue. 
Given the already impaired lactate clearance in liver failure, 
this may limit the utility of lactate clearance to guide therapy.

There are no studies comparing vasopressin with other vas-
oactive agents as first-line agents in septic shock.

Considering the above evidence, we recommend the use 
of norepinephrine as the first-line vasopressor of choice in 
patients with liver failure.

Use of Vasopressin
Recommendation: We suggest adding low-dose vasopressin to 
norepinephrine in patients with ALF or ACLF who remain hy-
potensive despite fluid resuscitation to increase blood pressure 
(conditional recommendation, low-quality evidence).

Rationale: Vasopressors are essential to restoring a perfusing 
blood pressure in hypotensive states refractory to fluid resus-
citation. A meta-analysis of 17 RCTs including 2,904 patients 
with distributive shock showed that addition of vasopressin (n 
= 8) or vasopressin analog (n = 9) to catecholamines increased 
blood pressure or reduced catecholamine requirements. In this 
meta-analysis, 28-day mortality was reduced significantly (vas-
opressin 36.6% vs catecholamines alone 40.7%) (RR, 0.89; 95% 
CI, 0.82–0.97), but when only low risk of bias trials was con-
sidered, significance was lost. Of these 17 trials, three included 
292 patients with liver disease and distributive shock; a pooled 
analysis of these patients also showed a significant reduction in 
mortality with vasopressin (51.0% vs 69.4%; RR, 0.76; 95% CI, 
0.62–0.94), but the results were imprecise and further limited 
by serious risk of bias (Appendix Table 6, Supplemental Digital 
Content 6, http://links.lww.com/CCM/F240) (41).

The possible mortality benefit with the addition of vas-
opressin must be weighed against increased risk of dig-
ital ischemia. The quality of evidence for this outcome was 
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downgraded due to indirectness of both the population and 
the definition for digital ischemia across studies. In the only 
study including cirrhotic patients (n = 84), digital ischemia 
rates were increased with vasopressin (28.6% vs 9.5%; RR, 
3.00; 95% CI, 1.05–8.55) (41).

The Surviving Sepsis guidelines suggest adding vasopressin 
to norepinephrine to raise MAP to target or to decrease norepi-
nephrine dosage (22). In our analyses, both potential mortality 
benefit and digital ischemia risk appear more pronounced in 
patients with liver disease. Since the distributive shock data are 
indirect and the liver-specific data sparse, our recommenda-
tion is conditional.

HEMATOLOGY SECTION

Assessing Bleeding and Thrombosis Risk
Recommendation: We suggest using viscoelastic testing (throm-
boelastography/rotational thromboelastometry [ROTEM]) 
over measuring international normalized ratio (INR), platelet, 
and fibrinogen in critically ill patients with ALF or ACLF (con-
ditional recommendation, low-quality evidence).

Rationale: Traditional evaluation of coagulation involves 
quantifying cellular, molecular, and coagulation factor defi-
ciencies; however, quantification of these individual compo-
nents fails to consistently provide an assessment of overall 
hemostatic function and risk of bleeding in cirrhosis (42). 
INR is based on the prothrombin time, which is dependent 
on pro-coagulant factors I, II, V, VII, and X. INR does not 
account for deficiencies of the anti-coagulation system, 
which may result in a hypercoagulable state not captured 
by a cirrhotic patient’s elevated INR. Although bleeding re-
mains of concern (especially during invasive procedures), 
cirrhotics are thought to be at greater risk of thrombotic 
complications (43, 44).

Viscoelastic testing, including thromboelastography and 
ROTEM, allows for real time global and functional evaluation 
of altered activity of the pro- and anti-coagulant pathways, 
identifying platelet function, hyper-fibrinolysis, and prema-
ture clot dissolution (45).

In a single-center, open-label RCT of 60 patients with liver 
cirrhosis scheduled to undergo an invasive procedure, blood 
product transfusion guided by thromboelastography (fresh 
frozen plasma [FFP] trigger: reaction time > 40 min; platelet 
trigger: maximum amplitude < 30 mm) versus that guided 
by standard of care (transfusion guided by INR and platelet 
count), resulted in significantly fewer patients being transfused 
(16.7% vs 100%; p < 0.0001), with no observed increase in 
bleeding complications (0% vs 3.3%; p = not significant [NS]) 
or 90-day mortality (26.6% vs 23.3%; p = NS) (Appendix 
Table 7, Supplemental Digital Content 7, http://links.lww.
com/CCM/F241) (46). Only a single patient (1/60), who had 
received FFP prior to the procedure, experienced a post-pro-
cedural bleed, following a low-bleeding risk paracentesis, sug-
gesting that patients with cirrhosis and coagulopathy do not 
have increased procedure-related bleeding risk (independent 
of procedure risk categorization) unless a local complication 

occurs. A larger, multicentered study stratifying patients based 
on procedure risk categorization or examining spontaneous 
(i.e., not procedure-related) outcomes would be valuable in 
assessing the use of viscoelastic testing in guiding transfusion 
in cirrhotics with coagulopathy.

Hemoglobin Targets
Recommendation: We suggest using a transfusion threshold 
of 7 mg/dL, over other thresholds, for critically ill patients 
with ALF or ACLF (conditional recommendation, low-quality 
evidence).

Rationale: A single-center RCT examined hemoglobin 
transfusion thresholds in 889 patients with acute gastroin-
testinal bleed, stratifying for the presence or absence of cir-
rhosis (47).

Restrictive transfusion target (7 mg/dL), compared 
with liberal strategy (9 mg/dL), conferred significantly 
fewer transfusion reactions (hazard ratio [HR], 0.35; 95% 
CI, 0.19–0.65) and adverse events (HR, 0.73; 95% CI, 
0.56–0.95). Stratifying for those with cirrhosis, restrictive 
transfusion was not significantly different to a liberal trans-
fusion for death by 6 weeks (HR, 0.57; 95% CI, 0.30–1.08;  
p = 0.08), with the study suggesting a mortality benefit in Child-
Pugh Class A and B cirrhosis (HR, 0.30; 95% CI, 0.11–0.85) 
(Appendix Table 8, Supplemental Digital Content 8, http://
links.lww.com/CCM/F241). Further, RBC transfusion has been 
shown to be an independent predictor of mortality post liver 
transplantation (48). Given that endogenous erythropoietin 
levels are already known to be elevated in patients with cirrhosis 
and relate to the degree of portal hypertension (49) and that 
exogenous erythropoietin induces thrombopoiesis and platelet 
activity (50), it has been hypothesized that transfusion may play 
a role in worsening thrombosis. To date, no study examining 
a solely cirrhotic population is available. A conditional recom-
mendation is made due to the low quality of evidence.

Venous Thromboembolism Treatment
Recommendation: We suggest using low molecular weight 
heparin (LMWH) or vitamin K antagonists, over no anticoag-
ulation, in patients with portal venous thrombosis or pulmo-
nary embolus (conditional recommendation, very low-quality 
evidence).

Rationale: Patients with cirrhosis have increased risk of 
thromboembolic disease, with rates of portal vein thrombosis 
(PVT) estimated at 8% per year in those awaiting liver trans-
plantation (51, 52). Improved outcomes have been reported 
in those anti-coagulated at 1 year, especially those with more 
extensive mesenteric thrombosis (44, 53, 54). Four observa-
tional studies, comparing anticoagulation versus no treatment 
in 121 cirrhotics with nonmalignant portal venous throm-
bosis, reported significantly greater rates of complete or par-
tial recanalization with anti-coagulation (RR, 3.82; 95% CI, 
1.86–7.85) (53, 55, 56). One of these studies reported no differ-
ence in risk of major bleeding (RR, 0.20; 95% CI, 0.02–1.62) or 
heparin-induced thrombocytopenia (RR, 1.94; 95% CI, 0.08–
45.54) with anticoagulation treatment (Appendix Table 9, 
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Supplemental Digital Content 9, http://links.lww.com/CCM/
F241) (55). Despite the increased clinical effect observed with 
decreased anti-thrombin III levels in cirrhotics (57), LMWH 
use is favored. Although the quality of the evidence is very low, 
cirrhotics with PVT have increased risk of variceal bleeding 
and may be ineligible for liver transplant, while those treated 
with anticoagulation may demonstrate recanalization.

Venous Thromboembolism Prophylaxis
Recommendation: We suggest using LMWH over pneumatic 
compression stockings for venous thromboembolism prophy-
laxis in hospitalized patients with ACLF (conditional recom-
mendation, low-quality evidence).

Remark: There is insufficient evidence to allow a recom-
mendation for patients with ALF.

Rationale: Patients with cirrhosis/ACLF are at an increased 
risk of developing venous thrombosis. An open-label, single-
center RCT examined the use of prophylactic LMWH versus 
no treatment in 70 cirrhotics (44). At 2 years follow-up, 
patients who received LMWH had significantly lower risk of 
PVT (RR, 0.05; 95% CI, 0.00–0.83), with three of 34 (8.8%) 
LMWH-treated patients and 10 of 36 controls (27.7%) devel-
oped PVT (p = 0.048). There was no appreciable increase in 
mortality (RR, 0.65; 95% CI, 0.31–1.37) or bleeding (RR, 2.12; 
95% CI, 0.20–22.30) (Appendix Table 10, Supplemental Dig-
ital Content 7, http://links.lww.com/CCM/F241). A further ob-
servational study of 203 chronic liver disease patients receiving 
pharmacologic versus mechanical prophylaxis reported no dif-
ference in mortality (RR, 0.29; 95% CI, 0.07–1.17) or bleeding 
(RR, 0.35; 95% CI, 0.05–2.69) (58). Three observational studies 
incorporating 408 patients favored lower rate of venous throm-
boembolism with pharmacologic prophylaxis (RR, 0.47; 95% 
CI, 0.09–2.32), although 95% CI includes both the potential for 
benefit and harm (58–60). Patients receiving pharmacologic 
prophylaxis experience lower rates of complications; however, 
some patients may prefer to avoid subcutaneous injections. Ad-
ditionally, although the preponderance of data is for LMWH, 
unfractionated heparin maybe considered for prophylaxis.

Assessing Bleeding Risk for Invasive Procedures
Recommendation: We recommend viscoelastic testing (throm-
boelastography/ROTEM), over measuring INR, platelet, 
fibrinogen, in critically ill patients with ALF or ACLF under-
going procedures (strong recommendation, moderate-quality 
evidence).

Rationale: Bleeding rates after minimally invasive proce-
dures in patients with cirrhosis/ACLF are low for paracen-
tesis (0–3.3%) and thoracentesis (2%) (61). Bleeding does 
not appear to correlate with platelet count or INR. Reported 
frequency of major bleeding complications after liver biopsy 
was between 0.22% and 0.58% with 0.1% mortality. Bleed-
ing rates were higher in patients with advanced hepatic fi-
brosis and platelet count less than or equal to 60 × 109/L (62, 
63). Trans-jugular liver biopsy is relatively safe even in patients 
with thrombocytopenia or prolonged INR (64). Risk of 
bleeding after liver surgery probably correlates with surgical 

and hemostatic techniques rather than coagulation param-
eters (65). Although the optimal fibrinogen level is uncertain 
(normal 2–4.5 g/L), in bleeding/surgical patients, fibrinogen 
levels of greater than 1 g/L are advocated (66, 67). The routine 
use of viscoelastic testing during liver transplantation appears 
a well-established way to determine global coagulation status 
(68). As described in the section of assessing bleeding risk and 
thrombosis, in a single-center, open-label RCT of 60 cirrhot-
ics scheduled to undergo an invasive procedure, blood product 
transfusion guided by thromboelastography versus that guided 
by standard of care, the use of thromboelastography resulted in 
significantly fewer patients being transfused (RR, 0.18; 95% CI, 
0.08–0.39), with no observed increase in bleeding complica-
tions (RR, 0.33; 95% CI, 0.01–7.87), or 90-day mortality (RR, 
1.14; 95% CI, 0.47–2.75) (Appendix Table 11, Supplemental 
Digital Content 7, http://links.lww.com/CCM/F241) (46). A 
larger, multicentered study stratifying patients based on pro-
cedure risk categorization would be valuable in assessing the 
use of viscoelastic testing in guiding transfusion in cirrhotics/
ACLF with coagulopathy undergoing invasive nonsurgical and 
surgical procedures.

Use of Novel Coagulation Agents
Recommendation: We recommend against using Eltrombopag 
in ACLF patients with thrombocytopenia prior to surgery/
invasive procedures (strong recommendation, low-quality 
evidence).

Remarks: There is insufficient evidence to issue a recom-
mendation for or against prothrombin complex concentrates 
(PCCs).

Rationale: Thrombocytopenia is common in ACLF. In tri-
als, the oral thrombopoietin receptor agonist eltrombopag 
increased platelet count in thrombocytopenic hepatitis C virus 
(HCV) patients, improving tolerance of anti-HCV therapy 
(69). Eltrombopag is an oral thrombopoietin-receptor ago-
nist. The Eltrombopag Evaluated for Its Ability to Overcome 
Thrombocytopenia and Enable Procedures (ELEVATE) study 
evaluated the efficacy of eltrombopag for increasing platelet 
counts and reducing the need for platelet transfusions in 
patients with thrombocytopenia and chronic liver disease 
undergoing elective invasive procedures (70). The investigators 
randomized 292 patients with chronic liver disease of diverse 
causes and platelet counts of less than 50 × 109/L to receive 
eltrombopag, at a dose of 75 mg daily, or placebo for 14 days 
before a planned elective invasive procedure. Platelet transfu-
sion was avoided in 104 of 145 patients who received eltrom-
bopag (72%) and in 28 of 147 who received placebo (19%)  
(p < 0.001) (Appendix Table 12, Supplemental Digital Content 
7, http://links.lww.com/CCM/F241).

Thrombotic events of the portal venous system were observed 
in six patients who received eltrombopag, when compared with 
one who received placebo, resulting in the early termination of 
the study. Nplate (romiplostim) has also been associated with 
reports suggesting increased thrombotic risk, particularly in 
patients with platelet counts over 200 × 109/L (71, 72). Although 
the quality of evidence was low, due to concerns about harm 
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(thrombosis) and cost, the panel issued a strong recommenda-
tion against using eltrombopag prior to procedures.

PCCs are available as 3-factor (FII, IX, X) and 4-factor 
products (same factors plus FVII). Some contain endoge-
nous anticoagulants (protein C, protein S, antithrombin III) 
with or without heparin to lessen the thrombotic risk (73). 
Thrombotic complications in ACLF patients may be reduced 
by limiting repeat dosing of PCCs. Factor II and X have long 
half-lives (60 and 30 hr, respectively) and may accumulate dur-
ing repeated administration. Although there is no direct ran-
domized evidence for the use of PCC in ACLF or ALF patients, 
in massive trauma patients (indirect evidence) thromboelas-
tometry-guided PCC administration, when compared with 
FFP transfusion, resulted in a higher likelihood of avoidance of 
RBC and platelet transfusion (74). Due to the lack of direct ev-
idence, we cannot make a recommendation on the use of PCC 
or antifibrinolytics in ACLF/ALF.

PULMONARY SECTION

Tidal Volumes for Mechanically Ventilated Patients
Recommendation: We suggest using a low tidal volume strategy 
over high tidal volume strategy in patients with ALF or ACLF 
and acute respiratory distress syndrome (ARDS) (conditional 
recommendation, low-quality evidence).

Rationale: Positive pressure ventilation is a life-saving in-
tervention for patients with ARDS. Conversely, positive pres-
sure ventilation has been associated with ventilator-induced 
lung injury by means of alveolar stress and strain from overdis-
tention and increased transpulmonary pressure (75–80). Cyto-
kines are released as result of both volutrauma and barotrauma 
which is associated with increased nonpulmonary organ dys-
function and mortality (81–85).

Walkey et al (86) conducted a meta-analysis of low versus 
nonvolume limited tidal volume strategies for ARDS. This 
analysis of nine studies with 1,629 subjects demonstrated a 
reduction in mortality with low tidal volume strategies (RR, 
0.80; 95% CI, 0.66–0.98). Two studies had the co-interven-
tion of high positive end-expiratory pressure (PEEP) and 
when excluded, 1,481 subjects were analyzed and the reduc-
tion in mortality was no longer significant (RR, 0.87; 95% CI, 
0.70–1.08). Of note, the greater the difference between low 
and nonvolume limited tidal volumes the greater the mor-
tality benefit.

Ventilator-free days (VFDs) and barotrauma were no dif-
ferent across the nine studies (VFDs: mean 0.03 d; 95% CI, 
–5.88 to 5.95 d) and (barotrauma: RR, 0.96; 95% CI, 0.67–
1.37) (Appendix Table 13, Supplemental Digital Content 7, 
http://links.lww.com/CCM/F241). The authors, as with other 
studies, concluded that a low tidal volume approach may 
be beneficial. We assessed the quality of evidence for mor-
tality, VFDs, and barotrauma as moderate, very low, and low, 
respectively.

The general nature of critically ill patients in these stud-
ies limits our confidence when applying the findings to liver 
failure patients. We do not have specific outcomes such as 

hospital mortality, VFDs, barotrauma, or transplant-free sur-
vival. However, we believe that improved mortality from low 
tidal volume strategy was compelling and overshadowed any 
undesirable effects or lack of benefit in VFDs. Concerns over 
increased sedation with low tidal volume in patients with liver 
disease was expressed; however, two studies did not demon-
strate increased need for sedatives in low tidal volume groups.

Use of Positive End-Expiratory Pressure
Recommendation: We suggest against using high PEEP, over 
low PEEP, in patients with ALF or ACLF and ARDS (condi-
tional recommendation, low-quality evidence).

Remarks: Clinicians may cautiously choose high PEEP in 
moderate to severe ARDS after balancing potential benefit to 
risk of increasing intracranial pressure (ICP) and reducing ve-
nous return.

Rationale: PEEP is almost universally applied to patients 
with ARDS to recruit atelectatic lung for participation in gas 
exchange and prevent collapse of alveoli that are recruited dur-
ing tidal volume ventilation (87–91). The application of PEEP 
is distributed to all alveoli and may lead to overdistention of 
alveoli that are open throughout the respiratory cycle, leading 
to overdistention at end of inspiration, increased deadspace 
ventilation, increased pulmonary vascular resistance, and 
reduced venous return (80, 92).

Walkey et al (93) conducted a meta-analysis of high 
versus low PEEP in general ICU patients. The use of high 
PEEP in unselected patients with ARDS did not show ben-
efit in mortality (RR, 0.91; 95% CI, 0.80–1.03), new organ 
failure (RR, 0.89; 95% CI, 0.67–1.19), or ventilated free 
days (MD, 1.68 d; 95% CI, –1.5 to 4.9 d). The high PEEP 
group did have better Pao

2
/Fio

2
 ratios (MD, 61.24; 95% CI, 

45.92–76.57) and did not have greater frequency of baro-
trauma (RR, 1.09; 95% CI, 0.84–1.40) (Appendix Table 
14, Supplemental Digital Content 7, http://links.lww.com/
CCM/F241). Briel et al (94) conducted an individual patient 
data meta-analysis and found that subjects with moderate 
to severe ARDS (Pao

2
/Fio

2
 < 200 mm Hg) had lower mor-

tality rates (RR, 0.90; 95% CI, 0.81–1.0; p = 0.049) when 
randomized to high PEEP arm (94).

The general nature of critically ill patients in these stud-
ies limits our confidence when applying the findings to liver 
failure patients. As such, we do not have outcomes specific to 
liver failure patients on mortality, VFDs, barotrauma, trans-
plant-free survival, nor impact on ICP. We rated the quality of 
evidence as low for mortality and moderate for oxygenation.

The Large observational study to Understand the Global 
impact of Severe Acute respiratory Failure (LUNG SAFE) study 
was a convenience sample of 2,377 patients with severe respira-
tory failure from 459 ICUs in 50 countries (95). The decision 
to apply high or low PEEP was at the discretion of the clinical 
teams. There were 103 patients with chronic liver disease, and 
mortality rates were high at 72.8%. High PEEP did not result 
in reduced mortality rates; the separation of high versus low 
PEEP was at 8 or 12 cm H

2
O (J. G. Laffey and E. Rezoagli, per-

sonal communication, 2019).
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Patients in whom high PEEP was applied had significantly 
lower Pao

2
/Fio

2
 ratios at baseline. We believe that high PEEP 

does not offer benefit over low PEEP for unselected patients 
with liver failure but may benefit patients with moderate to 
severe ARDS. PEEP titration should account for the potential 
of increased PEEP levels negatively impacting ICP and venous 
return.

Use of Pulmonary Arterial Hypertension Therapy in 
Portopulmonary Hypertension
Recommendation: We suggest treating portopulmonary hy-
pertension (POPH) with agents approved for pulmonary ar-
terial hypertension (PAH) in patients with mean pulmonary 
artery pressure greater than 35 mm Hg (conditional recom-
mendation, very low-quality evidence).

Rationale: POPH is a well-known serious pulmonary vas-
cular complication of portal hypertension. POPH is defined as 
the presence of PAH that evolves because of portal hyperten-
sion and is included in Group 1 of the clinical classification of 
pulmonary hypertension (96). POPH has been documented in 
~4.5–8.5% of liver transplant candidates (97, 98), and patients 
with POPH represent 7–10% of those with PAH (99). POPH 
has worse survival outcomes than many other forms of PAH. 
Despite falling under the Group 1 classification of PAH, POPH 
patients have been excluded from most previously published 
RCTs of targeted therapy in PAH. Only one RCT including ex-
clusively POPH patients has been completed showing that maci-
tentan improved hemodynamics and was safe in this population 
(100). Another RCT assessing the role of riociguat in the man-
agement of PAH included 13 patients with POPH (101). Thus, 
much of the application of PAH-targeted therapy in POPH 
patients is extrapolated from the broader PAH literature. Un-
controlled, small observational studies have suggested that 
PAH-targeted therapies used for other types of PAH could be 
beneficial for patients with POPH (102–117). Prostacyclin ana-
logs, such as parenteral epoprostenol or treprostinil, have shown 
improvements in POPH hemodynamics (102, 104, 109–111, 
116). Sildenafil, a phosphodiesterase inhibitor subtype 5, has 
shown improvement in functional capacity and hemodynamics 
when used in POPH patients (105, 107, 113). The use of endo-
thelin receptor antagonists such as bosentan or ambrisentan in 
POPH patients has also shown  improvement of hemodynamics 
and functional class without significant liver toxicity (103, 106, 
108, 115). By improving hemodynamic and clinical parameters, 
PAH therapy can lead to a response that meets liver transplan-
tation eligibility criteria; however, careful patient selection is re-
quired. Specific guidelines for the management and treatment of 
patients with POPH have been recently published (118).

Hypoxemia in Patients With Hepatopulmonary 
Syndrome
Recommendation: We recommend supportive care with sup-
plemental oxygen in the treatment of hepatopulmonary syn-
drome (HPS), pending possible liver transplantation (BPS).

Rationale: HPS is characterized by dilatation of pulmo-
nary precapillary and capillary vessels resulting in hypoxemia 

early on due to ventilation perfusion mismatch and later also 
due to shunt. Loss of hypoxic pulmonary vasoconstriction in 
~30% of cirrhotics leads to loss of pulmonary vascular tone 
with gravitational changes with the development of platypnea 
and orthodeoxia (119). Pharmacologic treatment of HPS has 
been ineffective long term and is largely limited to case reports 
and small case series from the involving agents, such as meth-
ylene blue (120) or pentoxifylline (121). One small RCT of 20 
HPS patients suggested oral garlic supplementation to be ben-
eficial, with a 24% increase in Pao

2
 over baseline and reversal of 

HPS in 14 of 21 patients (122). At present, liver transplantation 
is the only proven beneficial therapy long term (123). Hence, 
patients with HPS should be treated with supplemental oxygen 
as needed, or as a bridge to liver transplantation. Severe hypox-
emia occurs in 6–21% of patients with HPS early on (< 24 hr) 
following liver transplant and carries a 45% mortality (124).

Trendelenburg positioning, followed by inhaled epopros-
tenol, inhaled nitric oxide and IV methylene blue have been 
suggested as supportive modalities in these  patients (125).

Tube Thoracostomy in Hepatic Hydrothorax
Recommendation: We recommend placing chest tube with an 
attempt to pleurodesis for hepatic hydrothorax in patients in 
whom transjugular intrahepatic portosystemic shunt (TIPS) is 
not an option or as a palliative intent (BPS).

Rationale: Four percent to 6% of patients with liver cirrhosis 
develop hepatic hydrothorax. General medical management is 
aimed toward reducing formation of pleural effusion with salt 
restriction and diuretics. In patients with recurrent effusions, 
the best studied and effective treatment is TIPS with a complete 
response in 55.8% and partial in 17.6% (126). However, TIPS 
is complicated by hepatic encephalopathy (HE) which may ex-
clude its use. Traditionally, chest tubes for hepatic hydrothorax 
were considered a relative contraindication due to fear of infec-
tion and leakage of excessive fluids and electrolytes. The infec-
tion rates in tube thoracotomy have ranged from 0% to 29% 
(127–131). A metaanalysis reported infection rate of 2.3% (95% 
CI, 0–4.7%) in patients with nonmalignant effusions (127). 
Volume and electrolyte losses have been reported but only in 
case reports. Most studies do not report this as a common com-
plication (128–131). In a systemic review, rates of spontaneous 
pleurodesis was reported to be 163 of 325 (51.3%) in tube tho-
racotomy for nonmalignant effusions (127). In another systemic 
review, patients with hepatic hydrothorax undergoing pleurode-
sis, complete response was reported in 148 of 206 patients (72%; 
95% CI, 65–79%) (132). Tube thoracotomy has been used as a 
bridge to liver transplant in a small series of patients (133).

With 50% of these patients achieving spontaneous 
pleurodesis, tube thoracotomy may be considered in hepatic 
hydrothorax if there is contraindication for TIPS, as a pallia-
tive intent or as a bridge to liver transplant. Although indwell-
ing pleural catheter is present, it may be reasonable to attempt 
pleurodesis when not achieved spontaneously if the patient 
can tolerate the procedure.

Risk of infection is high and should be discussed with the 
patient.
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Use of High-Flow Nasal Cannula and/or Noninvasive 
Ventilation
Recommendation: We suggest using high-flow nasal cannula 
(HFNC) over noninvasive ventilation in hypoxic critically ill 
patients with ALF or ACLF (conditional recommendation, 
low-quality evidence).

Remarks: In patients with hypercarbia, it may be more 
appropriate to use noninvasive positive pressure ventilation 
(NIPPV) or invasive mechanical ventilation over HFNC.

Rationale: NIPPV is often applied to avoid intubation in 
critically ill patients and is more effective than conventional 
oxygen therapy (134). Applying this modality is uncomfortable 
to the patient, often results in facial skin breakdown, interferes 
with speech and eating, and is resource intensive. In compar-
ison with NIPPV, HFNC offers the promise of greater patient 
comfort and less resource utilization (135).

Ni et al (134) performed a meta-analysis on six RCTs of 
HFNC compared with NIPPV, six of which provided data 
on intubation and five of which provided data on mortality 
(134). There were no differences in intubation rates between 
HFNC and NIPPV (OR, 0.73; 95% CI, 0.47–1.13). There was 
no difference in mortality rates (OR, 0.63; 95% CI, 0.34–1.18) 
(Appendix Table 15, Supplemental Digital Content 7, http://
links.lww.com/CCM/F241).

These studies were not blinded, allowing for bias. The ge-
neral nature of critically ill patients in these studies limits our 
confidence when applying the findings to liver failure patients. 
As such, we do not have evidence specific to liver failure 
patients regarding the outcome of mortality or need for intu-
bation. The evidence was evaluated as low quality.

We believe that HFNC eliminates many of the undesirable 
consequences of NIPPV, particularly patient-specific issues. We 
would also expect less impact on ICP or venous return as PEEP 
with HFNC flows of 35–50 L/min is between 3 and 5 cm H

2
O 

which is lower than that seen with continuous positive airway 
pressure (135). Mean airway pressures range with flows between 
30 and 50 L/min HFNC range from 1.5 + 0.6 and 3.01 + 1.2 cm 
H

2
O, which is lower than that seen with NIPPV (136, 137).
This recommendation applies to patients without hypercar-

bia. If hypercarbia is present, the panel recommends NIPPV 
or invasive mechanical ventilation over HFNC. Concern of 
over reliance on HFNC leading to delays in intubation were 
expressed (138, 139).

RENAL SECTION

Intraoperative Renal Replacement Therapy During 
Liver Transplant Surgery
Recommendation: There is insufficient evidence to issue a 
recommendation.

Remarks: Patients with ongoing emergent indications for 
RRT such as hyperkalemia or severe acid-base abnormalities 
should not have RRT discontinued.

Rationale: Management of patients with liver cirrhosis 
and acute kidney injury (AKI) during liver transplant sur-
gery remains a clinical challenge, in particular because of 

profound changes in fluid status as well as acid-base and 
electrolyte homeostasis. Proponents of intraoperative RRT 
highlight the better control of temperature, electrolyte, 
and volume management during critical phases of liver 
transplant surgery, for example, reperfusion. Nonetheless, 
intraoperative RRT carries risks and requires additional re-
sources: exposing and connecting the patient to an extra-
corporeal circuit, need for anticoagulation, and need for 
additional consultants and trained personnel to oversee and 
adjust RRT during surgery.

So far, clinical data are only available in the form of retro-
spective studies (140–142). Analyses of pooled data from 664 
patients revealed that the use of intraoperative RRT was as-
sociated with 13 fewer deaths (OR, 0.91; 95% CI, 0.40–2.07) 
and 53 fewer graft dysfunctions (OR, 0.54; 95% CI, 0.27–1.08) 
per 1,000 patients (Appendix Table 16, Supplemental Digital 
Content 7, http://links.lww.com/CCM/F241). The quality of 
evidence for these outcomes is very low. There is very little 
data on the frequency and severity of side effects, additional 
resources required, and cost-effectiveness.

The panel concluded that the current evidence is insuffi-
cient to determine the balance between desirable and undesir-
able effects of continuing versus discontinuing intraoperative 
continuous renal replacement therapy (CRRT); therefore, a 
recommendation could not be issued. Directed by clinical 
judgment and circumstances, clinicians may choose to either 
continue or discontinue CRRT intraoperatively in patients 
who were receiving CRRT preoperatively.

Timing of RRT in Patients With Acute Kidney Injury
Recommendation: We suggest using RRT early in patients with 
ALF and AKI. “Conditional recommendation, very low-quality 
evidence.”

Remarks: There is insufficient evidence to issue a recom-
mendation for the ACLF population. Early initiation of RRT 
is defined as initiation of RRT before 1) hyperkalemia (> 6 
mmol/L with electrocardiographic abnormalities), 2) fluid 
overload/pulmonary edema resistant to diuretic administra-
tion, 3) severe metabolic acidosis (pH < 7.15), 4) blood urea 
concentration greater than 35.7 mmol/L, or 5) Kidney Disease 
Improving Global Outcomes stage 3 AKI.

Rationale: Identifying the right time to start RRT continues 
to be a challenge in all critically ill patients. In ALF, the use of 
continuous RRT early prior to the development of traditional 
indications (hyperkalemia, uremia, oliguria) has been associ-
ated with improved outcomes, potentially related to mitigation 
of the development of cerebral edema (143). In the absence of 
severe life-threatening complications (e.g. hyperkalemia, met-
abolic acidosis), the optimal timing and thresholds to com-
mence RRT remain unknown. Most available data stem from 
observational studies or a few single-center trials, at times con-
founded by case heterogeneity, indication, or severity of illness 
(144). Without the ability to predict the need for RRT in criti-
cally ill patients overall, careful evaluation of a patient’s clinical 
situation and prognosis continue to be the main determinants 
as to whether and when to commence RRT.
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 Data from one retrospective observational study showed 
216 fewer deaths per 1,000 patients with ALF and subsequent 
AKI (OR, 0.31; 95% CI, 0.09–1.03), if RRT was started early 
(Appendix Table 17, Supplemental Digital Content 7, http://
links.lww.com/CCM/F241) (145). The authors used an arbi-
trary blood urea nitrogen (BUN) cutoff of 80 mg/dL to identify 
patients who had received early versus late RRT. The early RRT 
group had pre-RRT BUN and creatinine values of 46.2 ± 20.2 
(mean ± sd) and 2.9 ± 1.7 mg/dL, respectively. In the late RRT 
group, patients had pre-RRT BUN and creatinine levels of 
118.8 ± 33.1 and 4.7 ± 1.7 mg/dL, respectively.

We therefore give a conditional recommendation in favor 
of early start of RRT in patients with ALF and subsequent AKI. 
Further clinical trials are urgently needed to better address this 
question in more detail.

Vasopressors in Hepatorenal Syndrome
Recommendation: We recommend using vasopressors, over 
not using vasopressors, in critically ill patients with ACLF who 
develop hepatorenal syndrome (HRS) (strong recommenda-
tion, moderate-quality evidence).

Remarks: Vasopressors could be any of the following terlip-
ressin, norepinephrine, or midodrine and octreotide.

Rationale: HRS is a distinct form of kidney injury in 
patients with liver cirrhosis and ascites (147). HRS occurs in 
the absence of underlying structural kidney disease, nephro-
toxic agents, or sepsis. HRS is considered a form of pre-renal 
dysfunction, characterized by severe intra-renal vasoconstric-
tion and simultaneous global (systemic and splanchnic) vas-
odilation. Type I HRS represent the acute, more severe form 
of HRS and corresponds to stage 2 AKI, whereas type II HRS 
shows a more slowly and less severe degree of renal dysfunc-
tion (146). HRS occurs in ~20% of all patients with cirrhosis 
hospitalized with AKI and carries a very poor prognosis. Liver 
transplantation is currently considered the best therapy for 
HRS. Otherwise, administration of vasoconstrictors together-
with albumin remains a frequently employed intervention.

A recent Cochrane review identified nine  RCTs, compar-
ing terlipressin to placebo or no treatment in 534 patients with 
HRS (147). Seven trials included only patients with type I HRS. 
Two trials included 96 participants with either type I or type 
II HRS. There were 92 fewer deaths per 1,000 HRS patients 
receiving terlipressin compared with those receiving placebo/
notreatment (RR, 0.85; 95% CI, 0.73–0.98) (Appendix Table 
18, Supplemental Digital Content 7, http://links.lww.com/
CCM/F241).

A separate Cochrane review assessed 10 RCTs with 474 
participants (148), comparing terlipressin to norepinephrine 
(seven trials), octreotide (one trial), midodrine and octreotide 
(one trial), or dopamine (one trial) in patients with HRS. All 
participants received albumin as a co-intervention. There was 
insufficient evidence to support or refute the use of terlipressin 
over other vasoactive agents.

We, therefore, make a strong recommendation for the use of 
vasopressors versus placebo or no intervention in critically ill 
patients with ACLF who develop HRS.

Transjugular Intrahepatic Portosystemic Shunt for 
Prevention of HRS
Recommendation: There is insufficient evidence to issue a 
recommendation.

Rationale: Creation of TIPS is an established treatment 
option for major complications of portal hypertension, for ex-
ample, refractory ascites and variceal bleeding. TIPS has also 
been discussed as a potential intervention to improve the man-
agement of refractory ascites and HRS.

Six RCTs (149–154), summarized in a recent meta-analysis 
(155), have compared TIPS placement versus paracentesis in 
patients with chronic liver disease and refractory ascites in a 
total of 390 patients. Occurrence of HRS following TIPS was 
assessed in 136 patients. Patients with TIPS developed HRS 
significantly less often than patients without TIPS (9% vs 24%; 
RR, 0.38; 95% CI, 0.16–0.94; p = 0.02). Following the meta-
analysis and upon inclusion of additional data from the RCTs, 
we found TIPS placement also may result in  improved trans-
plant-free survival (28 fewer per 1000, RR, 0.91; 95% CI, 0.70–
1.17) and decrease liver disease-related mortality (49 fewer per 
1000, RR, 0.91; 95% CI, 0.75–1.10).

However, TIPS resulted in higher risk of hepatic enceph-
alopathy (RR, 1.64; 95% CI, 1.15–2.33) (Appendix Table 19, 
Supplemental Digital Content 7, http://links.lww.com/CCM/
F241). The evidence is also limited by indirectness, as the RCTs 
did not focus on critically ill patients and did not have preven-
tion of HRS as a primary outcome.

The panel concluded that the current evidence is insuffi-
cient to support a recommendation. Directed by clinical judg-
ment and circumstances, clinicians may elect to either use or 
not use TIPS in patients with cirrhosis and refractory ascites to 
prevent HRS.

ENDOCRINE AND NUTRITION SECTION

Target Glucose Control
Recommendation: We recommend targeting a serum blood 
glucose of 110–180 mg/dL in patients with ALF or ACLF 
(strong recommendation, moderate-quality evidence).

Rationale: Endocrine abnormalities are common in patients 
with liver disease and often necessitate pharmaco-therapeutic 
intervention to prevent adverse events, including death (156, 
157). Management should incorporate the prevention of both 
hyperglycemia and hypoglycemia to promote the shortest safe 
hospital stay and provide an effective transition out of the hos-
pital that prevents acute complications and readmission (158).

Currently, the American Diabetes Association recommends 
initiating treatment for persistent hyperglycemia at greater 
than or equal to 180 mg/dL for most critically ill patients and 
targeting moderate glucose range of 140–180 mg/dL (158). 
Additionally, the Surviving Sepsis Campaign Guidelines rec-
ommend a protocolized approach to the management of hy-
perglycemia in ICU patients with sepsis with a target glucose 
level less than or equal to 180 mg/dL (22).

A meta-analysis of thirty-six trials including 17,996 criti-
cally ill patients suggests no short-term mortality or infection 

http://guide.medlive.cn/

http://links.lww.com/CCM/F241
http://links.lww.com/CCM/F241
http://links.lww.com/CCM/F241
http://links.lww.com/CCM/F241


Copyright © 2020 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Online Special Article

Critical Care Medicine www.ccmjournal.org e185

benefit of very tight (80–109 mg/dL) glycemic control com-
pared with tight (110–139 mg/dL), moderate (140–180 mg/
dL), or liberal (> 180 mg/dL) glycemic control (159). Very tight 
and tight glycemic control were associated with the highest risk 
of hypoglycemia (159). A second meta-analysis also found no 
mortality benefit in the very tight group but was associated with 
increased hypoglycemia (Appendix Table 20, Supplemental 
Digital Content 7, http://links.lww.com/CCM/F241) (160). 
No group maximized the benefit for both lower mortality and 
decreased hypoglycemia, although moderate glycemic control 
(140–180 mg/dL) achieved the best outcome for all-cause mor-
tality. These data are downgraded for indirectness.

The consequences of hypoglycemia in patients with liver di-
sease may be underestimated. A retrospective analysis of 312 
patients with acute decompensated cirrhosis found that hypo-
glycemia is associated with increased mortality (161). As such, 
management should incorporate the prevention of hypogly-
cemia to optimize outcomes (158).

Role of Stress-Dose Glucocorticoids
Recommendation: We suggest using stress-dose glucocorti-
coids in the treatment of septic shock in patients with ALF or 
ACLF (conditional recommendation, low-quality evidence).

Remarks: Stress dose glucocorticoids should be used if ad-
equate fluid resuscitation and vasopressor agents are unable to 
restore hemodynamic stability.

Rationale: Relative adrenal insufficiency is common in 
acutely ill patients with cirrhosis, especially those with septic 
shock (162, 163). However, there are limited data evaluating 
the use of stress-dose steroids in patients with ALF/ACLF and 
septic shock. A single-center RCT of 75 patients with cirrhosis 
and septic shock demonstrated no mortality (RR, 0.92; 95% 
CI, 0.66–1.30) or shock reversal (RR, 1.58; 95% CI, 0.98–2.55) 
benefit from administering glucocorticoids, but was associ-
ated with higher rate of major adverse events (RR, 1.65; 95% 
CI, 1.02–2.64) such as shock relapse and gastrointestinal bleed 
(Appendix Table 21, Supplemental Digital Content 7, http://
links.lww.com/CCM/F241) (164). The study was stopped for 
futility at an interim analysis and therefore judged to be at high 
risk for bias.

Conversely, a meta-analysis of 36 RCTs including 9,389 
patients suggested a small absolute reduction in mortality with 
the use of corticosteroids in patients with septic shock (165). 
It should be noted, however, that these studies did not specif-
ically include patients with liver disease. Most of the studies 
used hydrocortisone, and doses were less than 400 mg of hy-
drocortisone or equivalent per day. Patients who received cor-
ticosteroids had higher rates of shock reversal (RR, 1.26; 95% 
CI, 1.12–1.42) and lower SOFA scores (MD, –1.39 points; 95% 
CI, –1.88 to 0.89; 6.22 vs 7.61 points) at day 7 (165). Patients 
who received corticosteroids were more likely to have hyperna-
tremia (RR, 1.64; 95% CI, 1.32–2.03) and hyperglycemia (RR, 
1.16; 95% CI, 1.08–1.24) (165). This recommendation is con-
sistent with those from guidelines for both the management 
of critical illness-related corticosteroid insufficiency and septic 
shock where steroids are recommended to treat patients with 

septic shock if adequate fluid resuscitation and vasopressor 
therapy are unable to restore hemodynamic stability (22, 166).

Dietary Protein Load
Recommendation: We suggest against using a low protein goal 
in patients with ALF or ACLF, but rather targeting protein goals 
comparable with critically ill patients without liver failure (1.2–
2.0 g protein/kg dry or ideal body weight per day [IBW/d]) (con-
ditional recommendation, very low-quality evidence).

Rationale: It seems intuitive in the patient with worsening 
HE, to delay feeding and reduce the protein load to “spare” the 
liver the work of the metabolic processes of digestion, absorp-
tion, and utilization of nutrients during times of stress. How-
ever, reductions in hepatic glycogen synthesis and storage leads 
to increased gluconeogenesis with rapid depletion of carbo-
hydrate stores, increasing utilization of amino acids and am-
monia production (167–170). Protein restriction only worsens 
this response. These metabolic derangements combined with 
poor oral intake (due to ascites, hepatic encephalopathy, etc.) 
lead to protein-calorie malnutrition, which negatively influ-
ences morbidity and mortality (171, 172).

Indirect evidence from one small RCT in noncritically ill 
cirrhotic patients demonstrated no benefit with protein re-
striction on degree of HE or mortality. One-hundred twenty 
patients were randomized to the intervention group and re-
ceived a nutrition therapy program (30–35 Kcal/kg and 1.0–
1.5 g protein/kg IBW/d with sodium restriction of 2 g/d and 
nutrition education with monthly follow-up phone calls by the 
dietitian) or the control group receiving no nutrition therapy 
program (2 g sodium restricted diet without specific calorie 
and protein recommendations or nutrition education) (173). 
In the final analysis, the intervention group received signifi-
cantly more protein (1.2 + 0.19 vs 0.65 + 0.22 g/kg IBW/d; p < 
0.001) and yet were less likely to advance to overt HE (6/38 vs 
13/35; RR, 0.43; 95% CI, 0.18–1.0; p = 0.04) than the control 
group (173). Although not a primary outcome, five patients in 
the intervention group and nine in the control group died (RR, 
0.56; 95% CI, 0.20–1.56) (Appendix Table 22, Supplemental 
Digital Content 7, http://links.lww.com/CCM/F241) (173).

Branched-Chain Amino Acids in ALF/ACLF
Recommendation: We suggest not using branched-chain 
amino acids (BCAAs) in critically ill patients hospitalized with 
ALF or ACLF who are tolerating enteral medications (condi-
tional recommendation, very low-quality evidence).

Rationale: In a 2017 Cochrane Review, out of 16 RCTs 
encompassing 827 noncritically ill patients, four trials (195 
patients) provided indirect evidence regarding the addition of 
branch chain amino acids (BCAA) in patients receiving lactu-
lose or neomycin and found, no further benefit on HE (RR, 0.66; 
95% CI, 0.34–1.30) (174). In those patients, refractory to med-
ication use, enteral BCAA supplementation alone was found 
to have a beneficial effect on HE in 15 trials of noncritically ill 
patients with cirrhosis (RR, 0.67; 95% CI, 0.52–0.88) (174). It is 
unclear if critically ill patients would achieve the same benefit; 
therefore, until enough direct evidence is available, we issued 
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a conditional recommendation against the use of BCAA in 
patients with ALF or ACLF.

Route and Timing of Feeding
Recommendation: We suggest enteral nutrition (EN) over 
parenteral nutrition (PN) in critically ill patients hospitalized 
with ALF or ACLF without contraindication for enteral feed-
ing (conditional recommendation, low-quality evidence).

Rationale: Preferential use of EN has not been studied in 
patients with ALF or ACLF. However, previous guidelines and 
a recent meta-analysis representing a heterogeneous group of 
critically ill patients recommend EN over PN (175–177). EN 
bestows nutritional and other important non-nutritional ben-
efits to critically ill patients including preservation of lean body 
mass, maintenance of structural and functional gut integrity, 
preservation of intestinal microbial diversity, and potentially 
improved gut-mediated immunity (178–180). It is hypoth-
esized that patients receiving PN may have increased risk of 
infectious complications due to the nondelivery of some of 
these non-nutritional benefits, in addition, PN may cause hep-
atotoxicity with prolonged exposure.

A meta-analysis of 23 RCTs (6,478 critically ill patients) 
found no significant decrease in mortality with EN (OR, 0.98; 
95% CI, 0.81–1.18) compared with PN; 14 of the 23 RCTs 
(6,075 critically ill patients) also evaluated bloodstream infec-
tions and found beneficial effects with EN (OR, 0.59; 95% CI, 
0.43–0.82) (Appendix Table 23, Supplemental Digital Content 
7, http://links.lww.com/CCM/F241) (177). These findings are 
consistent with a previous meta-analysis (181) (18 RCTs, 3,347 
critically ill patients) which demonstrated a reduction in in-
fectious complication, but not mortality, associated with EN.

Screening for Drug Induced Causes of Liver Failure
Recommendation: We recommend screening patients with 
ALF or ACLF for drug-induced causes of liver failure. Drug 
that are proven or highly suspected to be the cause of ALF or 
ACLF should be discontinued (BPS).

Rationale: Drug-induced liver injury accounts for more 
than half of ALF in the United States and other developed 
countries (182). Acetaminophen (74% females, median age: 36 
yr) accounts for 46% of cases and other idiosyncratic drug re-
action (67% females, median age: 43 yr) account for another 
11%, although 14% of cases are indeterminate (182). Drugs of 
all types, including prescription, over-the-counter, herbal/sup-
plements, and recreational drugs, have been associated with 
liver injury (183–185). To appropriately evaluate the risk for 
drug-induced liver injury, a thorough history, screening, and 
systematic approach is recommended (182, 186).

Serum drug concentrations, especially acetaminophen, may 
aid in confirming drug-induced causes in cases of patient de-
nial or encephalopathy (185, 186). Multiple references can 
be used to determine the likelihood of a medications risk of 
causing liver injury based on typical clinical presentation and 
frequency (186–188). Although drug-induced liver injury is 
sometimes a diagnosis of exclusion, the use of a validated tool, 
such as the Roussel Uclaf Causality Assessment Method, can 

increase certainty and should be used when possible. Drug 
therapy proven or highly suspected of being related to ALF/
ACLF should be immediately discontinued (187, 188). When 
available, an antidote should be administered, accompanied by 
supportive care.

Dose Adjustment of Medications
Recommendation: In patients with ALF or ACLF, we recom-
mend adjusting the doses of medications that undergo hepatic 
metabolism based on the patient’s residual hepatic function 
and using the best available literature. When available, a clin-
ical pharmacist should be consulted (BPS).

Rationale: The liver plays a critical role in the metabolism 
of many drugs including biotransformation to and elimination 
of active metabolites. Both ALF and ACLF result in alterations 
in hepatic extraction ratio, biliary excretion, volume of distri-
bution, and protein binding (189). The net effect is a reduc-
tion in the intrinsic ability of the impaired liver to metabolize 
medications, increasing the risk for drug accumulation and 
toxicity. Additionally, HRS can lead to impaired excretion of 
drugs, thus further reducing drug clearance. Metabolism and 
clearance may further be affected by supportive modalities 
such as RRT, extracorporeal membrane oxygenation, and mo-
lecular adsorbent recirculating system. These variables must be 
considered in aggregate when dose-adjusting medications in 
patients with liver failure. Although these principles are well 
understood, their application to individual patients becomes 
less clear as these alterations yield significant interpatient varia-
bility. The optimal approach for determining appropriate drug 
dosing is to use therapeutic drug monitoring when possible.

Alternatively, pairing pharmacologic principles with phar-
macokinetic and pharmacodynamic studies offer the next best 
approach to empiric dose adjustments (190).

DISCUSSION
In this article, we report 29 recommendations on the manage-
ment ALF or ACLF in the ICU, related to five groups (cardio-
vascular, hematology, pulmonary, renal, and endocrine).

The strengths of our guideline include our assembly of 
multidisciplinary experts to address pertinent questions 
that are commonly encountered by clinicians taking care of 
patients with ALF and ACLF. We used a rigorous methodolog-
ical approach lead by international experts in methodology to 
summarize the evidence and subsequently used the expertise 
of content experts to issue recommendations. Our approach 
led to the generation of a contemporary document that can 
be used as a reference for clinicians. There are some important 
limitations of this guideline, which include the lack of patient 
participation in the guideline development process, although 
panel members focused on patient perspective when issuing 
the recommendations; it is possible that this perspective does 
not entirely reflect the values and preferences of patients. Last, 
we were unable to comment on other pertinent PICO questions 
that were not prioritized by the guideline committee. However, 
we identified several areas where evidence for this population 
is lacking and should be targeted for future research.

http://guide.medlive.cn/



Copyright © 2020 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Online Special Article

Critical Care Medicine www.ccmjournal.org e187

ACKNOWLEDGMENTS
The American College of Critical Medicine, which honors 
individuals for their achievements and contributions to mul-
tidisciplinary critical care medicine, is the consulting body of 
the Society of Critical Care Medicine that possesses recognized 
expertise in the practice of critical care medicine. The college 
supports and provides advice on the development of new and 
revised guidelines and clinical practice parameters for critical 
care practitioners. New guidelines and practice parameters are 
continually developed, and current are systematically reviewed 
and revised as approved. Also acknowledged for contributions 
to this work are Beverly Kok, MBBS; John M. Oropello, MD, 
FCCM; Sylvia Quintanilla; Raj Shah, MD; and Julie Maygloth-
ling Winkle, MD, FACEP, FCCM.

REFERENCES
 1. Moreau R, Jalan R, Gines P, et al; CANONIC Study Investigators of 

the EASL–CLIF Consortium: Acute-on-chronic liver failure is a dis-
tinct syndrome that develops in patients with acute decompensation 
of cirrhosis. Gastroenterology 2013; 144:1426–1437, 1437.e1–e9

 2. O’Grady JG, Williams R: Classification of acute liver failure. Lancet 
1993; 342:743

 3. Higgins JP, Altman DG, Gøtzsche PC, et al; Cochrane Bias Methods 
Group; Cochrane Statistical Methods Group: The Cochrane Collabo-
ration’s tool for assessing risk of bias in randomised trials. BMJ 2011; 
343:d5928

 4. Wells G, Shea B, O’Connell D, et al: The Newcastle-Ottawa Scale 
(NOS) for Assessing the Quality if Nonrandomized Studies in Meta-
Analyses. 2009. Available at: http://www.ohri.ca/programs/clinical_
epidemiology/oxford.htm. Accessed September 23, 2019

 5. Guyatt GH, Oxman AD, Vist GE, et al; GRADE Working Group: 
GRADE: An emerging consensus on rating quality of evidence and 
strength of recommendations. BMJ 2008; 336:924–926

 6. GRADEpro GDT: GRADEpro Guideline Development Tool [Soft-
ware]. 2015. Available at: gradepro.org. Accessed September 23, 
2019

 7. Neumann I, Brignardello-Petersen R, Wiercioch W, et al: The GRADE 
evidence-to-decision framework: A report of its testing and applica-
tion in 15 international guideline panels. Implement Sci 2016; 11:93

 8. Alexander PE, Gionfriddo MR, Li SA, et al: A number of factors ex-
plain why WHO guideline developers make strong recommendations 
inconsistent with GRADE guidance. J Clin Epidemiol 2016; 70: 
111–122

 9. Guyatt GH, Schünemann HJ, Djulbegovic B, et al: Guideline pan-
els should not GRADE good practice statements. J Clin Epidemiol 
2015; 68:597–600

 10. Solà E, Ginès P: Renal and circulatory dysfunction in cirrhosis: 
Current management and future perspectives. J Hepatol 2010; 
53:1135–1145

 11. Haase N, Perner A, Hennings LI, et al: Hydroxyethyl starch 130/0.38-
0.45 versus crystalloid or albumin in patients with sepsis: Systematic 
review with meta-analysis and trial sequential analysis. BMJ 2013; 
346:f839

 12. Moeller C, Fleischmann C, Thomas-Rueddel D, et al: How safe is 
gelatin? A systematic review and meta-analysis of gelatin-containing 
plasma expanders vs crystalloids and albumin. J Crit Care 2016; 
35:75–83

 13. Garcia-Martinez R, Caraceni P, Bernardi M, et al: Albumin: Pathophys-
iologic basis of its role in the treatment of cirrhosis and its complica-
tions. Hepatology 2013; 58:1836–1846

 14. Valerio C, Theocharidou E, Davenport A, et al: Human albumin solu-
tion for patients with cirrhosis and acute on chronic liver failure: Be-
yond simple volume expansion. World J Hepatol 2016; 8:345–354

 15. Bernardi M, Caraceni P, Navickis RJ, et al: Albumin infusion in patients 
undergoing large-volume paracentesis: A meta-analysis of random-
ized trials. Hepatology 2012; 55:1172–1181

 16. Rochwerg B, Alhazzani W, Sindi A, et al; Fluids in Sepsis and Septic 
Shock Group: Fluid resuscitation in sepsis: A systematic review and 
network meta-analysis. Ann Intern Med 2014; 161:347–355

 17. Caironi P, Tognoni G, Masson S, et al; ALBIOS Study Investigators: 
Albumin replacement in patients with severe sepsis or septic shock. 
N Engl J Med 2014; 370:1412–1421

 18. Licata A, Mazzola A, Ingrassia D, et al: Clinical implications of the 
hyperdynamic syndrome in cirrhosis. Eur J Intern Med 2014; 25: 
795–802

 19. Bersten AD, Holt AW: Vasoactive drugs and the importance of renal 
perfusion pressure. New Horiz 1995; 3:650–661

 20. Kirchheim HR, Ehmke H, Hackenthal E, et al: Autoregulation of renal 
blood flow, glomerular filtration rate and renin release in conscious 
dogs. Pflugers Arch 1987; 410:441–449

 21. Hollenberg SM, Ahrens TS, Annane D, et al: Practice parameters for 
hemodynamic support of sepsis in adult patients: 2004 update. Crit 
Care Med 2004; 32:1928–1948

 22. Rhodes A, Evans LE, Alhazzani W, et al: Surviving sepsis campaign: 
International guidelines for management of sepsis and septic shock: 
2016. Crit Care Med 2017; 45:486–552

 23. LeDoux D, Astiz ME, Carpati CM, et al: Effects of perfusion pres-
sure on tissue perfusion in septic shock. Crit Care Med 2000; 28: 
2729–2732

 24. Bourgoin A, Leone M, Delmas A, et al: Increasing mean arterial pres-
sure in patients with septic shock: Effects on oxygen variables and 
renal function. Crit Care Med 2005; 33:780–786

 25. Asfar P, Meziani F, Hamel JF, et al; SEPSISPAM Investigators: High 
versus low blood-pressure target in patients with septic shock.  
N Engl J Med 2014; 370:1583–1593

 26. Varpula M, Karlsson S, Ruokonen E, et al: Mixed venous oxygen sat-
uration cannot be estimated by central venous oxygen saturation in 
septic shock. Intensive Care Med 2006; 32:1336–1343

 27. Cohn JN: Blood pressure measurement in shock. Mechanism of in-
accuracy in ausculatory and palpatory methods. JAMA 1967; 199: 
118–122

 28. Hollenberg S, Parrillo J. Shock. 14th Edition. New York, NY, McGraw-
Hill, 1997

 29. Scheer B, Perel A, Pfeiffer UJ: Clinical review: Complications and risk 
factors of peripheral arterial catheters used for haemodynamic moni-
toring in anaesthesia and intensive care medicine. Crit Care 2002; 
6:199–204

 30. Lu SY, Matsusaki T, Abuelkasem E, et al: Complications related to in-
vasive hemodynamic monitors during adult liver transplantation. Clin 
Transplant 2013; 27:823–828

 31. Gu WJ, Wu XD, Wang F, et al: Ultrasound guidance facilitates radial 
artery catheterization: A meta-analysis with trial sequential analysis of 
randomized controlled trials. Chest 2016; 149:166–179

 32. Dorman T, Breslow MJ, Lipsett PA, et al: Radial artery pressure 
monitoring underestimates central arterial pressure during vaso-
pressor therapy in critically ill surgical patients. Crit Care Med 1998; 
26:1646–1649

 33. O’Horo JC, Maki DG, Krupp AE, et al: Arterial catheters as a source 
of bloodstream infection: A systematic review and meta-analysis. Crit 
Care Med 2014; 42:1334–1339

 34. Sandham JD, Hull RD, Brant RF, et al; Canadian Critical Care Clinical 
Trials Group: A randomized, controlled trial of the use of pulmonary-
artery catheters in high-risk surgical patients. N Engl J Med 2003; 
348:5–14

 35. Richard C, Warszawski J, Anguel N, et al; French Pulmonary Artery 
Catheter Study Group: Early use of the pulmonary artery catheter 
and outcomes in patients with shock and acute respiratory distress 
syndrome: A randomized controlled trial. JAMA 2003; 290:2713–
2720

 36. Wheeler AP, Bernard GR, Thompson BT, et al; National Heart, Lung, 
and Blood Institute Acute Respiratory Distress Syndrome (ARDS) 
Clinical Trials Network: Pulmonary-artery versus central venous cath-
eter to guide treatment of acute lung injury. N Engl J Med 2006; 
354:2213–2224

 37. Harvey S, Harrison DA, Singer M, et al; PAC-Man study collabora-
tion: Assessment of the clinical effectiveness of pulmonary artery 

http://guide.medlive.cn/

http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm


Copyright © 2020 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Nanchal et al

e188 www.ccmjournal.org March 2020 • Volume 48 • Number 3

catheters in management of patients in intensive care (PAC-Man): A 
randomised controlled trial. Lancet 2005; 366:472–477

 38. Binanay C, Califf RM, Hasselblad V, et al; ESCAPE Investigators and 
ESCAPE Study Coordinators: Evaluation study of congestive heart 
failure and pulmonary artery catheterization effectiveness: The ES-
CAPE trial. JAMA 2005; 294:1625–1633

 39. Shah MR, Hasselblad V, Stevenson LW, et al: Impact of the pulmonary 
artery catheter in critically ill patients: Meta-analysis of randomized 
clinical trials. JAMA 2005; 294:1664–1670

 40. Avni T, Lador A, Lev S, et al: Vasopressors for the treatment of septic 
shock: Systematic review and meta-analysis. PLoS One 2015; 
10:e0129305

 41. McIntyre WF, Um KJ, Alhazzani W, et al: Association of vasopressin 
plus catecholamine vasopressors vs catecholamines alone with atrial 
fibrillation in patients with distributive shock: A systematic review and 
meta-analysis. JAMA 2018; 319:1889–1900

 42. Tripodi A, Caldwell SH, Hoffman M, et al: Review article: The pro-
thrombin time test as a measure of bleeding risk and prognosis in liver 
disease. Aliment Pharmacol Ther 2007; 26:141–148

 43. Tripodi A, Mannucci PM: The coagulopathy of chronic liver disease. N 
Engl J Med 2011; 365:147–156

 44. Villa E, Cammà C, Marietta M, et al: Enoxaparin prevents portal vein 
thrombosis and liver decompensation in patients with advanced cir-
rhosis. Gastroenterology 2012; 143:1253–1260.e4

 45. Rijken DC, Kock EL, Guimarães AHC, et al: Evidence for an enhanced 
fibrinolytic capacity in cirrhosis as measured with two different global 
fibrinolysis tests. J Thromb Haemost 2012; 10:2116–2122

 46. De Pietri L, Bianchini M, Montalti R, et al: Thrombelastography-guided 
blood product use before invasive procedures in cirrhosis with se-
vere coagulopathy: A randomized, controlled trial. Hepatology 2016; 
63:566–573

 47. Villanueva C, Colomo A, Bosch A, et al: Transfusion strategies 
for acute upper gastrointestinal bleeding. N Engl J Med 2013;  
368:11–21

 48. de Boer MT, Christensen MC, Asmussen M, et al: The impact of intra-
operative transfusion of platelets and red blood cells on survival after 
liver transplantation. Anesth Analg 2008; 106:32–44, table of con-
tents

 49. Yang Y-Y, Lin H-C, Lee W-C, et al: Plasma erythropoietin level 
in patients with cirrhosis and its relationship to the severity of cir-
rhosis and renal function. J Gastroenterol Hepatol 2003; 18: 
1156–1161

 50. Homoncik M, Jilma-Stohlawetz P, Schmid M, et al: Erythropoietin 
increases platelet reactivity and platelet counts in patients with alco-
holic liver cirrhosis: A randomized, double-blind, placebo- controlled 
study. Aliment Pharmacol Ther 2004; 20:437–443

 51. Gulley D, Teal E, Suvannasankha A, et al: Deep vein thrombosis 
and pulmonary embolism in cirrhosis patients. Dig Dis Sci 2008; 
53:3012–3017

 52. Wu H, Nguyen GC: Liver cirrhosis is associated with venous throm-
boembolism among hospitalized patients in a nationwide US study. 
Clin Gastroenterol Hepatol 2010; 8:800–805

 53. Francoz C, Belghiti J, Vilgrain V, et al: Splanchnic vein thrombosis 
in candidates for liver transplantation: Usefulness of screening and 
anticoagulation. Gut 2005; 54:691–697

 54. Englesbe MJ, Schaubel DE, Cai S, et al: Portal vein thrombosis and 
liver transplant survival benefit. Liver Transpl 2010; 16:999–1005

 55. Senzolo M, M Sartori T, Rossetto V, et al: Prospective evaluation of 
anticoagulation and transjugular intrahepatic portosistemic shunt for 
the management of portal vein thrombosis in cirrhosis. Liver Int 2012; 
32:919–927

 56. Chen H, Liu L, Qi X, et al: Efficacy and safety of anticoagulation in 
more advanced portal vein thrombosis in patients with liver cirrhosis. 
Eur J Gastroenterol Hepatol 2016; 28:82–89

 57. Senzolo M, Rodriguez-Castro KI, Rossetto V, et al: Increased an-
ticoagulant response to low-molecular-weight heparin in plasma 
from patients with advanced cirrhosis. J Thromb Haemost 2012; 
10:1823–1829

 58. Smith CB, Hurdle AC, Kemp LO, et al: Evaluation of venous throm-
boembolism prophylaxis in patients with chronic liver disease. J Hosp 
Med 2013; 8:569–573

 59. Aldawood A, Arabi Y, Aljumah A, et al: The incidence of venous throm-
boembolism and practice of deep venous thrombosis prophylaxis in 
hospitalized cirrhotic patients. Thromb J 2011; 9:1

 60. Walsh KA, Lewis DA, Clifford TM, et al: Risk factors for venous throm-
boembolism in patients with chronic liver disease. Ann Pharmacother 
2013; 47:333–339

 61. Castellote J, Xiol X, Cortés-Beut R, et al: Complications of thoracen-
tesis in cirrhotic patients with pleural effusion. Rev Esp Enferm Dig 
2001; 93:566–575

 62. West J, Card TR: Reduced mortality rates following elective percuta-
neous liver biopsies. Gastroenterology 2010; 139:1230–1237

 63. Seeff LB, Everson GT, Morgan TR, et al; HALT–C Trial Group: Com-
plication rate of percutaneous liver biopsies among persons with ad-
vanced chronic liver disease in the HALT-C trial. Clin Gastroenterol 
Hepatol 2010; 8:877–883

 64. Kalambokis G, Manousou P, Vibhakorn S, et al: Transjugular liver 
biopsy–indications, adequacy, quality of specimens, and complica-
tions–a systematic review. J Hepatol 2007; 47:284–294

 65. Wei AC, Tung-Ping Poon R, Fan ST, et al: Risk factors for periopera-
tive morbidity and mortality after extended hepatectomy for hepato-
cellular carcinoma. Br J Surg 2003; 90:33–41

 66. Nascimento B, Goodnough LT, Levy JH: Cryoprecipitate therapy. Br J 
Anaesth 2014; 113:922–934

 67. Levy JH, Welsby I, Goodnough LT: Fibrinogen as a therapeutic target 
for bleeding: A review of critical levels and replacement therapy. 
Transfusion 2014; 54:1389–1405; quiz 1388

 68. Arshad F, Ickx B, van Beem RT, et al: Prothrombin complex concen-
trate in the reduction of blood loss during orthotopic liver transplanta-
tion: PROTON-trial. BMC Surg 2013; 13:22

 69. McHutchison JG, Dusheiko G, Shiffman ML, et al; TPL102357 Study 
Group: Eltrombopag for thrombocytopenia in patients with cirrhosis 
associated with hepatitis C. N Engl J Med 2007; 357:2227–2236

 70. Afdhal NH, Giannini EG, Tayyab G, et al; ELEVATE Study Group: 
Eltrombopag before procedures in patients with cirrhosis and throm-
bocytopenia. N Engl J Med 2012; 367:716–724

 71. Moussa MM, Mowafy N: Preoperative use of romiplostim in throm-
bocytopenic patients with chronic hepatitis C and liver cirrhosis. J 
Gastroenterol Hepatol 2013; 28:335–341

 72. Moulis G, Bagheri H, Sailler L, et al; French Association of Pharma-
coVigilance Centers: Are adverse drug reaction patterns different 
between romiplostim and eltrombopag? 2009-2013 French Pharma-
coVigilance assessment. Eur J Intern Med 2014; 25:777–780

 73. Hanke AA, Joch C, Görlinger K: Long-term safety and efficacy 
of a pasteurized nanofiltrated prothrombin complex concentrate 
(Beriplex P/N): A pharmacovigilance study. Br J Anaesth 2013; 
110:764–772

 74. Schöchl H, Nienaber U, Maegele M, et al: Transfusion in trauma: 
Thromboelastometry-guided coagulation factor concentrate-based 
therapy versus standard fresh frozen plasma-based therapy. Crit Care 
2011; 15:R83

 75. Carlton DP, Cummings JJ, Scheerer RG, et al: Lung overexpansion 
increases pulmonary microvascular protein permeability in young 
lambs. J Appl Physiol (1985) 1990; 69:577–583

 76. Dreyfuss D, Saumon G: Ventilator-induced lung injury: Lessons from 
experimental studies. Am J Respir Crit Care Med 1998; 157:294–
323

 77. Dreyfuss D, Soler P, Basset G, et al: High inflation pressure pulmo-
nary edema. Respective effects of high airway pressure, high tidal 
volume, and positive end-expiratory pressure. Am Rev Respir Dis 
1988; 137:1159–1164

 78. Greenfield LJ, Ebert PA, Benson DW: Effect of positive pressure ven-
tilation on surface tension properties of lung extracts. Anesthesiology 
1964; 25:312–316

 79. Parker JC, Townsley MI, Rippe B, et al: Increased microvascular per-
meability in dog lungs due to high peak airway pressures. J Appl 
Physiol Respir Environ Exerc Physiol 1984; 57:1809–1816

 80. Webb HH, Tierney DF: Experimental pulmonary edema due to inter-
mittent positive pressure ventilation with high inflation pressures. Pro-
tection by positive end-expiratory pressure. Am Rev Respir Dis 1974; 
110:556–565

http://guide.medlive.cn/



Copyright © 2020 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Online Special Article

Critical Care Medicine www.ccmjournal.org e189

 81. Dreyfuss D, Saumon G: From ventilator-induced lung injury to multiple 
organ dysfunction? Intensive Care Med 1998; 24:102–104

 82. Imai Y, Parodo J, Kajikawa O, et al: Injurious mechanical ventilation 
and end-organ epithelial cell apoptosis and organ dysfunction in an 
experimental model of acute respiratory distress syndrome. JAMA 
2003; 289:2104–2112

 83. Ranieri VM, Giunta F, Suter PM, et al: Mechanical ventilation as a 
mediator of multisystem organ failure in acute respiratory distress syn-
drome. JAMA 2000; 284:43–44

 84. Ranieri VM, Suter PM, Tortorella C, et al: Effect of mechanical ven-
tilation on inflammatory mediators in patients with acute respira-
tory distress syndrome: A randomized controlled trial. JAMA 1999; 
282:54–61

 85. Stapleton RD, Wang BM, Hudson LD, et al: Causes and timing of 
death in patients with ARDS. Chest 2005; 128:525–532

 86. Walkey AJ, Goligher EC, Del Sorbo L, et al: Low tidal volume versus 
non-volume-limited strategies for patients with acute respiratory dis-
tress syndrome. A systematic review and meta- analysis. Ann Am 
Thorac Soc 2017; 14(Suppl_4):S271–S279

 87. Gattinoni L, Caironi P, Cressoni M, et al: Lung recruitment in patients 
with the acute respiratory distress syndrome. N Engl J Med 2006; 
354:1775–1786

 88. Gattinoni L, Mascheroni D, Torresin A, et al: Morphological response to 
positive end expiratory pressure in acute respiratory failure. Computerized 
tomography study. Intensive Care Med 1986; 12:137–142

 89. Gattinoni L, Pelosi P, Crotti S, et al: Effects of positive end-expiratory 
pressure on regional distribution of tidal volume and recruitment in 
adult respiratory distress syndrome. Am J Respir Crit Care Med 
1995; 151:1807–1814

 90. Muscedere JG, Mullen JB, Gan K, et al: Tidal ventilation at low airway 
pressures can augment lung injury. Am J Respir Crit Care Med 
1994; 149:1327–1334

 91. Hubmayr RD: Perspective on lung injury and recruitment: A skeptical 
look at the opening and collapse story. Am J Respir Crit Care Med 
2002; 165:1647–1653

 92. Rouby JJ, Brochard L: Tidal recruitment and overinflation in acute 
respiratory distress syndrome: Yin and Yang. Am J Respir Crit Care 
Med 2007; 175:104–106

 93. Walkey AJ, Del Sorbo L, Hodgson CL, et al: Higher PEEP versus 
lower PEEP strategies for patients with acute respiratory distress 
syndrome. A systematic review and meta-analysis. Ann Am Thorac 
Soc 2017; 14:S297–S303

 94. Briel M, Meade M, Mercat A, et al: Higher vs lower positive end-
expiratory pressure in patients with acute lung injury and acute res-
piratory distress syndrome: Systematic review and meta-analysis. 
JAMA 2010; 303:865–873

 95. Laffey JG, Bellani G, Pham T, et al; LUNG SAFE Investigators and 
the ESICM Trials Group: Potentially modifiable factors contributing 
to outcome from acute respiratory distress syndrome: The LUNG 
SAFE study. Intensive Care Med 2016; 42:1865–1876

 96. Simonneau G, Gatzoulis MA, Adatia I, et al: Updated clinical clas-
sification of pulmonary hypertension. J Am Coll Cardiol 2013; 
62:D34–D41

 97. Le Pavec J, Souza R, Herve P, et al: Portopulmonary hypertension: 
Survival and prognostic factors. Am J Respir Crit Care Med 2008; 
178:637–643

 98. Krowka MJ, Swanson KL, Frantz RP, et al: Portopulmonary hyperten-
sion: Results from a 10-year screening algorithm. Hepatology 2006; 
44:1502–1510

 99. Krowka MJ, Miller DP, Barst RJ, et al: Portopulmonary hyperten-
sion: A report from the US-based REVEAL Registry. Chest 2012; 
141:906–915

 100. Sitbon O, Bosch J, Cottreel E, et al: Macitentan for the treatment of 
portopulmonary hypertension (PORTICO): A multicentre, randomised, 
double-blind, placebo-controlled, phase 4 trial. Lancet Respir Med, 
2019; 7:594–604

 101. Ghofrani HA, Galiè N, Grimminger F, et al; PATENT-1 Study Group: 
Riociguat for the treatment of pulmonary arterial hypertension. N 
Engl J Med 2013; 369:330–340

 102. Ashfaq M, Chinnakotla S, Rogers L, et al: The impact of treatment of 
portopulmonary hypertension on survival following liver transplanta-
tion. Am J Transplant 2007; 7:1258–1264

 103. Cartin-Ceba R, Swanson K, Iyer V, et al: Safety and efficacy of 
ambrisentan for the treatment of portopulmonary hypertension. 
Chest 2011; 139:109–114

 104. Fix OK, Bass NM, De Marco T, et al: Long-term follow-up of porto-
pulmonary hypertension: Effect of treatment with epoprostenol. Liver 
Transpl 2007; 13:875–885

 105. Gough MS, White RJ: Sildenafil therapy is associated with improved 
hemodynamics in liver transplantation candidates with pulmonary ar-
terial hypertension. Liver Transpl 2009; 15:30–36

 106. Halank M, Knudsen L, Seyfarth HJ, et al: Ambrisentan improves exer-
cise capacity and symptoms in patients with portopulmonary hyper-
tension. Z Gastroenterol 2011; 49:1258–1262

 107. Hemnes AR, Robbins IM: Sildenafil monotherapy in portopulmonary 
hypertension can facilitate liver transplantation. Liver Transpl 2009; 
15:15–19

 108. Hoeper MM, Seyfarth HJ, Hoeffken G, et al: Experience with inhaled 
iloprost and bosentan in portopulmonary hypertension. Eur Respir J 
2007; 30:1096–1102

 109. Hollatz TJ, Musat A, Westphal S, et al: Treatment with sildenafil and 
treprostinil allows successful liver transplantation of patients with 
moderate to severe portopulmonary hypertension. Liver Transpl 
2012; 18:686–695

 110. Krowka MJ, Frantz RP, McGoon MD, et al: Improvement in pulmo-
nary hemodynamics during intravenous epoprostenol (prostacyclin): 
A study of 15 patients with moderate to severe portopulmonary hy-
pertension. Hepatology 1999; 30:641–648

 111. Kuo PC, Johnson LB, Plotkin JS, et al: Continuous intravenous infu-
sion of epoprostenol for the treatment of portopulmonary hyperten-
sion. Transplantation 1997; 63:604–606

 112. Melgosa MT, Ricci GL, García-Pagan JC, et al: Acute and long-term 
effects of inhaled iloprost in portopulmonary hypertension. Liver 
Transpl 2010; 16:348–356

 113. Reichenberger F, Voswinckel R, Steveling E, et al: Sildenafil treatment 
for portopulmonary hypertension. Eur Respir J 2006; 28:563–567

 114. Sakai T, Planinsic RM, Mathier MA, et al: Initial experience using 
continuous intravenous treprostinil to manage pulmonary arterial hy-
pertension in patients with end-stage liver disease. Transpl Int 2009; 
22:554–561

 115. Savale L, Magnier R, Le Pavec J, et al: Efficacy, safety and pharma-
cokinetics of bosentan in portopulmonary hypertension. Eur Respir J 
2013; 41:96–103

 116. Sussman N, Kaza V, Barshes N, et al: Successful liver transplanta-
tion following medical management of portopulmonary hypertension: 
A single-center series. Am J Transplant 2006; 6:2177–2182

 117. Raevens S, De Pauw M, Reyntjens K, et al: Oral vasodilator therapy 
in patients with moderate to severe portopulmonary hypertension as 
a bridge to liver transplantation. Eur J Gastroenterol Hepatol 2013; 
25:495–502

 118. Krowka MJ, Fallon MB, Kawut SM, et al: International liver trans-
plant society practice guidelines: Diagnosis and management of 
hepatopulmonary syndrome and portopulmonary hypertension. 
Transplantation 2016; 100:1440–1452

 119. Hemprich U, Papadakos PJ, Lachmann B: Respiratory failure and 
hypoxemia in the cirrhotic patient including hepatopulmonary syn-
drome. Curr Opin Anaesthesiol 2010; 23:133–138

 120. Schenk P, Madl C, Rezaie-Majd S, et al: Methylene blue improves 
the hepatopulmonary syndrome. Ann Intern Med 2000; 133: 
701–706

 121. Tanikella R, Philips GM, Faulk DK, et al: Pilot study of pentoxifylline in 
hepatopulmonary syndrome. Liver Transpl 2008; 14:1199–1203

 122. De BK, Dutta D, Pal SK, et al: The role of garlic in hepatopulmonary 
syndrome: A randomized controlled trial. Can J Gastroenterol 2010; 
24:183–188

 123. Lange PA, Stoller JK: The hepatopulmonary syndrome. Effect of liver 
transplantation. Clin Chest Med 1996; 17:115–123

http://guide.medlive.cn/



Copyright © 2020 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Nanchal et al

e190 www.ccmjournal.org March 2020 • Volume 48 • Number 3

 124. Nayyar D, Man HS, Granton J, et al: Defining and characterizing se-
vere hypoxemia after liver transplantation in hepatopulmonary syn-
drome. Liver Transpl 2014; 20:182–190

 125. Nayyar D, Man HS, Granton J, et al: Proposed management algo-
rithm for severe hypoxemia after liver transplantation in the hepato-
pulmonary syndrome. Am J Transplant 2015; 15:903–913

 126. Ditah IC, Al Bawardy BF, Saberi B, et al: Transjugular intrahepatic 
portosystemic stent shunt for medically refractory hepatic hydro-
thorax: A systematic review and cumulative meta-analysis. World J 
Hepatol 2015; 7:1797–1806

 127. Patil M, Dhillon SS, Attwood K, et al: Management of benign pleural 
effusions using indwelling pleural catheters: A systematic review and 
meta-analysis. Chest 2017; 151:626–635

 128. Sharaf-Eldin M, Bediwy AS, Kobtan A, et al: Pigtail catheter: A 
less invasive option for pleural drainage in Egyptian patients with 
recurrent hepatic hydrothorax. Gastroenterol Res Pract 2016; 
2016:4013052

 129. Chalhoub M, Harris K, Castellano M, et al: The use of the PleurX 
catheter in the management of non-malignant pleural effusions. 
Chron Respir Dis 2011; 8:185–191

 130. Chen A, Massoni J, Jung D, et al: Indwelling tunneled pleural cath-
eters for the management of hepatic hydrothorax. A pilot study. Ann 
Am Thorac Soc 2016; 13:862–866

 131. Orman ES, Lok AS: Outcomes of patients with chest tube insertion 
for hepatic hydrothorax. Hepatol Int 2009; 3:582–586

 132. Hou F, Qi X, Guo X: Effectiveness and safety of pleurodesis for he-
patic hydrothorax: A systematic review and meta-analysis. Dig Dis 
Sci 2016; 61:3321–3334

 133. Kilburn J, Hutchings J, Misselhorn D, et al: Use of indwelling tun-
neled pleural catheters for the management of hepatic hydrothorax. 
Chest 2010; 138:418A

 134. Ni YN, Luo J, Yu H, et al: Can high-flow nasal cannula reduce the rate 
of endotracheal intubation in adult patients with acute respiratory 
failure compared with conventional oxygen therapy and noninvasive 
positive pressure ventilation?: A systematic review and meta-analy-
sis. Chest 2017; 151:764–775

 135. Hernández G, Vaquero C, Colinas L, et al: Effect of postextubation 
high-flow nasal cannula vs noninvasive ventilation on reintubation 
and postextubation respiratory failure in high-risk patients: A ran-
domized clinical trial. JAMA 2016; 316:1565–1574

 136. Parke RL, Eccleston ML, McGuinness SP: The effects of flow on 
airway pressure during nasal high-flow oxygen therapy. Respir Care 
2011; 56:1151–1155

 137. Parke R, McGuinness S, Eccleston M: Nasal high-flow therapy 
delivers low level positive airway pressure. Br J Anaesth 2009; 
103:886–890

 138. Helviz Y, Einav S: A systematic review of the high-flow nasal cannula 
for adult patients. Crit Care 2018; 22:71

 139. Kang BJ, Koh Y, Lim CM, et al: Failure of high-flow nasal cannula 
therapy may delay intubation and increase mortality. Intensive Care 
Med 2015; 41:623–632

 140. LaMattina JC, Kelly PJ, Hanish SI, et al: Intraoperative contin-
uous veno-venous hemofiltration facilitates surgery in liver trans-
plant patients with acute renal failure. Transplant Proc 2015; 
47:1901–1904

 141. Agopian VG, Dhillon A, Baber J, et al: Liver transplantation in recipi-
ents receiving renal replacement therapy: Outcomes analysis and 
the role of intraoperative hemodialysis. Am J Transplant 2014; 
14:1638–1647

 142. Parmar A, Bigam D, Meeberg G, et al: An evaluation of intraoperative 
renal support during liver transplantation: A matched cohort study. 
Blood Purif 2011; 32:238–248

 143. Cardoso FS, Gottfried M, Tujios S, et al: Continuous renal replace-
ment therapy is associated with reduced serum ammonia levels and 
mortality in acute liver failure. Hepatology 2018; 67:711–720

 144. Bagshaw SM, Wald R: Strategies for the optimal timing to start renal 
replacement therapy in critically ill patients with acute kidney injury. 
Kidney Int 2017; 91:1022–1032

 145. Wu VC, Ko WJ, Chang HW, et al: Early renal replacement therapy in 
patients with postoperative acute liver failure associated with acute 

renal failure: Effect on postoperative outcomes. J Am Coll Surg 
2007; 205:266–276

 146. Regner KR, Singbartl K: Kidney injury in liver disease. Crit Care Clin 
2016; 32:343–355

 147. Allegretti AS, Israelsen M, Krag A, et al: Terlipressin versus placebo 
or no intervention for people with cirrhosis and hepatorenal syn-
drome. Cochrane Database Syst Rev 2017; 6:CD005162

 148. Israelsen M, Krag A, Allegretti AS, et al: Terlipressin versus other vas-
oactive drugs for hepatorenal syndrome. Cochrane Database Syst 
Rev 2017; 9:CD011532

 149. Narahara Y, Kanazawa H, Fukuda T, et al: Transjugular intrahepatic 
portosystemic shunt versus paracentesis plus albumin in patients 
with refractory ascites who have good hepatic and renal function: A 
prospective randomized trial. J Gastroenterol 2011; 46:78–85

 150. Salerno F, Merli M, Riggio O, et al: Randomized controlled study of 
TIPS versus paracentesis plus albumin in cirrhosis with severe as-
cites. Hepatology 2004; 40:629–635

 151. Sanyal AJ, Genning C, Reddy KR, et al: The North American Study 
for the treatment of refractory ascites. Gastroenterology 2003; 
124:634–641

 152. Lebrec D, Giuily N, Hadengue A, et al: Transjugular intrahepatic por-
tosystemic shunts: Comparison with paracentesis in patients with 
cirrhosis and refractory ascites: A randomized trial. French Group of 
Clinicians and a Group of Biologists. J Hepatol 1996; 25:135–144

 153. Rössle M, Ochs A, Gülberg V, et al: A comparison of paracentesis 
and transjugular intrahepatic portosystemic shunting in patients with 
ascites. N Engl J Med 2000; 342:1701–1707

 154. Ginès P, Uriz J, Calahorra B, et al: Transjugular intrahepatic porto-
systemic shunting versus paracentesis plus albumin for refractory 
ascites in cirrhosis. Gastroenterology 2002; 123:1839–1847

 155. Bai M, Qi XS, Yang ZP, et al: TIPS improves liver transplantation-
free survival in cirrhotic patients with refractory ascites: An updated 
meta-analysis. World J Gastroenterol 2014; 20:2704–2714

 156. Eshraghian A, Taghavi SA: Systematic review: Endocrine abnormali-
ties in patients with liver cirrhosis. Arch Iran Med 2014; 17:713–721

 157. García-Compeán D, González-González JA, Lavalle-González FJ, et 
al: The treatment of diabetes mellitus of patients with chronic liver 
disease. Ann Hepatol 2015; 14:780–788

 158. American Diabetes Association: 14. Diabetes care in the hospital: 
Standards of medical care in diabetes- 2018. Diabetes Care 2018; 
41(Suppl 1):S144–S151

 159. Yamada T, Shojima N, Noma H, et al: Glycemic control, mortality, and 
hypoglycemia in critically ill patients: A systematic review and net-
work meta-analysis of randomized controlled trials. Intensive Care 
Med 2017; 43:1–15

 160. Yatabe T, Inoue S, Sakaguchi M, et al: The optimal target for acute 
glycemic control in critically ill patients: A network meta-analysis. 
Intensive Care Med 2017; 43:16–28

 161. Pfortmueller CA, Wiemann C, Funk GC, et al: Hypoglycemia is as-
sociated with increased mortality in patients with acute decompen-
sated liver cirrhosis. J Crit Care 2014; 29:316.e7–e12

 162. Tsai MH, Huang HC, Peng YS, et al: Critical illness-related cortico-
steroid insufficiency in cirrhotic patients with acute gastroesopha-
geal variceal bleeding: Risk factors and association with outcome*. 
Crit Care Med 2014; 42:2546–2555

 163. Trifan A, Chiriac S, Stanciu C: Update on adrenal insufficiency 
in patients with liver cirrhosis. World J Gastroenterol 2013; 
19:445–456

 164. Arabi YM, Aljumah A, Dabbagh O, et al: Low-dose hydrocortisone 
in patients with cirrhosis and septic shock: A randomized controlled 
trial. CMAJ 2010; 182:1971–1977

 165. Rochwerg B, Oczkowski SJ, Siemieniuk RAC, et al: Corticosteroids 
in sepsis: An updated systematic review and meta-analysis. Crit 
Care Med 2018; 46:1411–1420

 166. Annane D, Pastores SM, Rochwerg B, et al: Guidelines for the di-
agnosis and management of critical illness-related corticosteroid in-
sufficiency (CIRCI) in critically ill patients (Part I): Society of Critical 
Care Medicine (SCCM) and European Society of Intensive Care 
Medicine (ESICM) 2017. Crit Care Med 2017; 45:2078–2088

http://guide.medlive.cn/



Copyright © 2020 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Online Special Article

Critical Care Medicine www.ccmjournal.org e191

 167. Krähenbühl L, Lang C, Lüdes S, et al: Reduced hepatic glycogen 
stores in patients with liver cirrhosis. Liver Int 2003; 23:101–109

 168. Amodio P, Bemeur C, Butterworth R, et al: The nutritional man-
agement of hepatic encephalopathy in patients with cirrhosis: 
International Society for Hepatic Encephalopathy and Nitrogen 
Metabolism Consensus. Hepatology 2013; 58:325–336

 169. O’Shea RS, Dasarathy S, McCullough AJ; Practice Guideline Committee 
of the American Association for the Study of Liver Diseases; Practice 
Parameters Committee of the American College of Gastroenterology: 
Alcoholic liver disease. Hepatology 2010; 51:307–328

 170. Anand AC: Nutrition and muscle in cirrhosis. J Clin Exp Hepatol 
2017; 7:340–357

 171. Shirai H, Kaido T, Hamaguchi Y, et al: Preoperative low muscle mass 
has a strong negative effect on pulmonary function in patients under-
going living donor liver transplantation. Nutrition 2018; 45:1–10

 172. Sinclair M, Gow PJ, Grossmann M, et al: Review article: Sarcopenia 
in cirrhosis–aetiology, implications and potential therapeutic inter-
ventions. Aliment Pharmacol Ther 2016; 43:765–777

 173. Maharshi S, Sharma BC, Sachdeva S, et al: Efficacy of nutritional 
therapy for patients with cirrhosis and minimal hepatic encepha-
lopathy in a randomized trial. Clin Gastroenterol Hepatol 2016; 
14:454–460.e3; quiz e433

 174. Gluud LL, Dam G, Les I, et al: Branched-chain amino acids for 
people with hepatic encephalopathy. Cochrane Database Syst Rev 
2017; 5:CD001939

 175. McClave SA, Taylor BE, Martindale RG, et al; Society of Critical Care 
Medicine; American Society for Parenteral and Enteral Nutrition: 
Guidelines for the provision and assessment of nutrition support 
therapy in the adult critically ill patient: Society of Critical Care Medicine 
(SCCM) and American Society for Parenteral and Enteral Nutrition 
(A.S.P.E.N.). JPEN J Parenter Enteral Nutr 2016; 40:159–211

 176. Reintam Blaser A, Starkopf J, Alhazzani W, et al; ESICM Working 
Group on Gastrointestinal Function: Early enteral nutrition in criti-
cally ill patients: ESICM clinical practice guidelines. Intensive Care 
Med 2017; 43:380–398

 177. Zhang G, Zhang K, Cui W, et al: The effect of enteral versus paren-
teral nutrition for critically ill patients: A systematic review and meta-
analysis. J Clin Anesth 2018; 51:62–92

 178. Barrett M, Demehri FR, Teitelbaum DH: Intestine, immunity, and par-
enteral nutrition in an era of preferred enteral feeding. Curr Opin Clin 
Nutr Metab Care 2015; 18:496–500

 179. McClave SA, Martindale RG, Rice TW, et al: Feeding the critically ill 
patient. Crit Care Med 2014; 42:2600–2610

 180. Kang W, Kudsk KA: Is there evidence that the gut contributes to 
mucosal immunity in humans? JPEN J Parenter Enteral Nutr 2007; 
31:246–258

 181. Elke G, van Zanten AR, Lemieux M, et al: Enteral versus parenteral nu-
trition in critically ill patients: An updated systematic review and meta-
analysis of randomized controlled trials. Crit Care 2016; 20:117

 182. Lee WM, Squires RH Jr, Nyberg SL, et al: Acute liver failure: 
Summary of a workshop. Hepatology 2008; 47:1401–1415

 183. Hillman L, Gottfried M, Whitsett M, et al: Clinical features and out-
comes of complementary and alternative medicine induced acute 
liver failure and injury. Am J Gastroenterol 2016; 111:958–965

 184. Navarro VJ, Khan I, Björnsson E, et al: Liver injury from herbal and 
dietary supplements. Hepatology 2017; 65:363–373

 185. Aithal GP, Watkins PB, Andrade RJ, et al: Case definition and phe-
notype standardization in drug-induced liver injury. Clin Pharmacol 
Ther 2011; 89:806–815

 186. Lee WM, Stravitz RT, Larson AM: Introduction to the revised 
American Association for the Study of Liver Diseases Position Paper 
on acute liver failure 2011. Hepatology 2012; 55:965–967

 187. Danan G, Benichou C: Causality assessment of adverse reactions to 
drugs–I. A novel method based on the conclusions of international 
consensus meetings: Application to drug-induced liver injuries. J 
Clin Epidemiol 1993; 46:1323–1330

 188. Benichou C, Danan G, Flahault A: Causality assessment of adverse 
reactions to drugs–II. An original model for validation of drug cau-
sality assessment methods: Case reports with positive rechallenge. 
J Clin Epidemiol 1993; 46:1331–1336

 189. Verbeeck RK: Pharmacokinetics and dosage adjustment in 
patients with hepatic dysfunction. Eur J Clin Pharmacol 2008; 
64:1147–1161

 190. Delcò F, Tchambaz L, Schlienger R, et al: Dose adjustment in patients 
with liver disease. Drug Saf 2005; 28:529–545

http://guide.medlive.cn/


	目录（医脉通列临床指南整理）
	Abstract
	METHODOLOGY
	MANAGEMENT OF CONFLICT OF INTEREST
	QUESTION DEVELOPMENT AND OUTCOMEPRIORITIZATION
	SYSTEMATIC REVIEW
	SCREENING AND DATA ABSTRACTION
	RISK OF BIAS ASSESSMENT
	SUMMARIZING THE EVIDENCE
	GRADE ASSESSMENT
	FORMULATION OF RECOMMENDATIONS
	VOTING PROCESS
	CARDIOVASCULAR SECTION
	HEMATOLOGY SECTION
	PULMONARY SECTION
	RENAL SECTION
	DISCUSSION
	ENDOCRINE AND NUTRITION SECTION



