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Early mechanical ventilation for grade IV hepatic
encephalopathy is associated with increased mortality
among patients with cirrhosis: an exploratory study
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Background: Unresponsive patients with toxic-metabolic encephalopathies often undergo endo-
tracheal intubation for the primary purpose of preventing aspiration events. However, among pa-
tients with pre-existing systemic comorbidities, mechanical ventilation itself may be associated
with numerous risks such as hypotension, aspiration, delirium, and infection. Our primary aim was
to determine whether early mechanical ventilation for airway protection was associated with in-
creased mortality in patients with cirrhosis and grade IV hepatic encephalopathy.

Methods: The National Inpatient Sample was queried for hospital stays due to grade IV hepatic
encephalopathy among patients with cirrhosis between 2016 and 2019. After applying our exclu-
sion criteria, including cardiopulmonary failure, data from 1,975 inpatient stays were analyzed. Pa-
tients who received mechanical ventilation within 2 days of admission were compared to those
who did not. Univariable and multivariable logistic regression analyses were performed to identify
clinical factors associated with in-hospital mortality.

Results: Of 162 patients who received endotracheal intubation during the first 2 hospital days, 64
(40%) died during their hospitalization, in comparison to 336 (19%) of 1,813 patients in the com-
parator group. In multivariable logistic regression analysis, mechanical ventilation was the stron-
gest predictor of in-hospital mortality in our primary analysis (adjusted odds ratio, 3.00; 95% con-
fidence interval, 2.14-4.20; P<0.001) and in all sensitivity analyses.

Conclusions: Mechanical ventilation for the sole purpose of airway protection among patients
with cirrhosis and grade IV hepatic encephalopathy may be associated with increased in-hospital
mortality. Future studies are necessary to confirm and further characterize our findings.
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INTRODUCTION

Unresponsive patients commonly receive endotracheal intubation and mechanical ventila-
tion in the absence of cardiopulmonary failure [1]. This is typically done to prevent the se-
quelae of aspiration, namely pneumonia, which could occur in those without a sufficient gag
reflex. Trauma societies generally support recommendations in favor of endotracheal intuba-
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tion for patients with severe head trauma defined by a Glasgow
Coma Scale score of 8 or less, but providers often also elect to
perform this procedure in patients with medical delirium or
other non-trauma-related indications [1,2]. However, endo-
tracheal intubation and mechanical ventilation are associated
with numerous risks such as aspiration, hypotension, ongoing
delirium, and nosocomial pneumonia [3,4]. Patients who are
intubated will ultimately remain hospitalized and in the inten-
sive care unit for longer periods of time and may experience
increased mortality [5]. Although these outcomes are mostly
a consequence of acute illness and underlying comorbidities,
endotracheal intubation and mechanical ventilation may in-
dependently impact outcomes due to direct or indirect effects
on virtually every organ system [6]. Their use for strong indi-
cations such as cardiopulmonary failure is often unavoidable,
but no randomized controlled trials have demonstrated that
elective intubation for the sole purpose of airway protection is
beneficial. A number of prospective and retrospective obser-
vational studies have attempted to address this issue among
patients with trauma, medical delirium, or gastrointestinal
bleeding with mixed results [7,8]. Consequently, it remains
unclear whether this practice is clinically justified on a routine
basis.

Among those with toxic-metabolic encephalopathies, pa-
tients with decompensated cirrhosis are especially vulnerable
to the risks of mechanical ventilation with in-hospital mortal-
ity among this subset of patients exceeding 50% [9,10]. This is
a consequence of factors such as impaired immunity, altered
drug metabolism, circulatory dysfunction, and sarcopenia [11].
However, patients with grade IV hepatic encephalopathy often
undergo this procedure early in their clinical course, prior to
the implementation of diagnostic and therapeutic interven-
tions and in the absence of other indications [12]. Previous
observational studies have not assessed its relative impact
on mortality in patients with cirrhosis, and society guidelines
have not specifically addressed the issue [13]. The aim of this
exploratory study is to determine whether early endotracheal
intubation and mechanical ventilation for airway protection
can affect clinical outcomes among patients with cirrhosis and
grade IV encephalopathy. Our hypothesis is that this practice
may be associated with increased in-hospital mortality.

MATERIALS AND METHODS

Patient Selection and Study Design
The National Inpatient Sample (NIS) is the largest public-
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KEY MESSAGES

= Patients with cirrhosis and grade IV hepatic encephalopa-
thy often undergo endotracheal intubation and mechan-
ical ventilation early in their hospital course to prevent
aspiration events.

= However, these individuals often have underlying multi-
system dysfunction which makes them uniquely suscepti-
ble to the many risks of mechanical ventilation.

= Our study demonstrates that the use of endotracheal
intubation and mechanical ventilation for airway protec-
tion among patients with cirrhosis and grade IV hepatic
encephalopathy is associated with increased in-hospital
mortality after adjusting for possible confounding vari-
ables.

ly-available inpatient dataset in the United States. It is spon-
sored by the Agency for Healthcare Research and Quality
(AHRQ) for the Healthcare Cost and Utilization Project, which
receives data from discharge abstracts from participating state
partners. The unweighted dataset includes deidentified demo-
graphic, diagnosis, procedure, utilization, cost, and outcome
data from a representative sample of over 7 million admis-
sions annually from 48 states, covering more than 97% of the
population nationwide. Because the NIS is publicly available
and consists of deidentified retrospective data from numerous
institutions with protocols to maintain patient anonymity, In-
stitutional Review Board approval and patient consent are not
required.

This study met the requirements set forth by the AHRQ.
The NIS was screened from 2016-2019 for inpatient stays that
included individuals who were 18 years or older with Interna-
tional Classification of Diseases, 10th revision (ICD-10) diag-
nosis codes for both grade IV hepatic encephalopathy (K72.91,
K72.11, K70.41, K72.01, K71.11) and cirrhosis (K70.3, K70.30,
K70.31, K74.4, K74.5, K74.6, K74.60, K74.69) [14-16]. Inpatient
diagnoses listed in the NIS are prioritized in order of impor-
tance such that the diagnosis that most directly led to the inpa-
tient admission is listed first. Therefore, we limited our search
to admissions in which grade IV hepatic encephalopathy was
listed as either the primary, secondary, or tertiary diagnosis. A
separate cirrhosis diagnosis listed in the record was required
largely to exclude patients who did not have cirrhosis such as
those with acute liver failure.

Patients who had primary, secondary, or tertiary diagnoses
of respiratory failure, shock, or cardiac arrest were then ex-
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cluded, as were those who received upper endoscopy or arte-
rial line placement within the first 2 days of admission, since
there was a high likelihood that these individuals received
endotracheal intubation for alternative indications aside from
grade IV hepatic encephalopathy. Although not all patients
who have cardiopulmonary failure or who undergo urgent
endoscopy receive endotracheal intubation, we intentionally
excluded this entire subset as a means of limiting our analysis
to those who had grade IV hepatic encephalopathy but were
otherwise clinically stable. Finally, patients who underwent
liver transplantation anytime during the admission or those
with missing outcome data were also excluded. The remaining
cohort was then divided into an index group (those who had
early mechanical ventilation within 2 days of admission) and a
control group (those who did not). The following ICD-10 pro-
cedure codes were used to identify patients who underwent
endotracheal intubation: 0BH17EZ, 0BH18EZ, 1GZ31CAEP,
and 1GZ31CAND.

Data Collection

Demographics data was collected, including age, sex, race,
and teaching status of the hospital (academic vs. private/ru-
ral). ICD-10 codes were then used to identify cirrhosis-specific
diagnostic and prognostic factors such as disease etiology
and the presence of ascites and hepatocellular carcinoma, in
addition to the following comorbidities: chronic obstructive
pulmonary disease, congestive heart failure, chronic kidney
disease, and obesity. These covariates were chosen because
(1) they are readily identifiable using specific diagnostic codes
and (2) they are most likely to potentially impact outcomes in
our cohort. The ICD-10 codes we selected were not exhaustive
for the abovementioned diagnoses but represented the pri-
mary codes used by clinicians and often encompassed other
less frequently used diagnostic codes. We did not incorporate
diagnosis codes for jaundice or coagulopathy because these
codes have been historically underutilized or misclassified [17].
Finally, we also identified the most common adjunctive diag-
nosis on admission aside from cirrhosis, hepatic encephalopa-
thy, or any of the comorbidities previously listed. Missing data
for race and sex was imputed using the Hmisc package in R (R
Foundation, Vienna, Austria) [18]. In accordance with the NIS
data user agreement, individual table cell counts of <10 were
suppressed to maintain patient confidentiality.

Outcomes and Statistical Analysis
Our primary outcome was in-hospital mortality. We assessed
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the impact of mechanical ventilation, in addition to all relevant
demographics, cirrhosis-related factors, chronic comorbidi-
ties, and the most common adjunctive diagnosis on admission
using logistic regression models. For these analyses, the data
was stratified based on a combination of hospital character-
istics and weighted using discharge weights provided by the
AHRQ. All covariates with P-values <0.10 in univariable analy-
ses were included in multivariable analyses. Pre-specified sen-
sitivity analyses were done to assess the impact of (1) defining
early endotracheal intubation using a cutoff of one day rather
than 2 days, (2) limiting the analysis only to patients with grade
IV hepatic encephalopathy as a primary or secondary diagno-
sis (rather than including tertiary as well), and (3) limiting the
analysis only to patients with grade IV hepatic encephalopathy
as the primary diagnosis. A post-hoc sensitivity analysis was
also done to assess the impact of hemodialysis since this mo-
dality can mitigate hepatic encephalopathy. Length of stay was
also measured, and differences were assessed using Welch'’s
t-test. All analyses were performed in R statistical software
(version 4.0.2; R Core Team 2020) using the survey package
[19].

RESULTS

Baseline Characteristics and Outcomes
A total of 1,975 patient stays were included in the study, of

which 162 received endotracheal intubation within the first 2
days and 1,813 did not (Figure 1, Table 1). Based on the ICD-
10 code scheme that we utilized (Table 2), the majority of
patients had alcohol-related cirrhosis (57%) and ascites (54%).
The most common comorbidity was chronic kidney disease
(29%), and the most common adjunctive diagnosis on admis-
sion was acute kidney injury (26%). Among the patients who
did not receive endotracheal intubation within the first 2 days,
51 (3%) were intubated later in their hospitalization.

Of those who received endotracheal intubation within the
first 2 days, 64 (40%) died during their hospitalization, in com-
parison to 336 (19%) in the comparator group. Of the deaths
that occurred in the comparator group, 36 were among the
subset of 51 patients who received mechanical ventilation after
the first 2 days. Length of stay in the early mechanical venti-
lation group (median, 7 days; interquartile range, 3-12 days)
was significantly longer than the comparator group (median, 5
days; interquartile range, 3-9 days; P=0.006).

https://www.accjournal.org 357



Saffo S and Garcia-Tsao G Mechanical ventilation for hepatic encephalopathy IA‘“ “

- s 2,814 Admissions for adults
>28 Million admissions in the NIS ~——» ", . —> Exclusion protocol
between 2016 and 2019 with grade IV encephalopathy in

patients with cirrhosis i

Step 1

594 Admissions with respiratory

failure
1,975 Admissions included l

in the analysis Step 2

l )

1,813 Admissions did not receive
mechanical ventilation by day 2

| |
l

Outcome: in-hospital mortality

162 Admissions received mechanical
ventilation by day 2

117 Remaining admissions with
shock or cardiac arrest

l

Step 3
17 Remaining admissions with
arterial line by day 2

l

Step 4
82 Remaining admissions with
EGD by day 2

i

Step 5
24 Remaining admissions with
liver transplantation

l

Step 6
—— 5 Remaining admissions without
outcome data

Figure 1. Flowchart of patients included in the study based on our screening and exclusion criteria. NIS: National Inpatient Sample; EGD:

esophagogastroduodenoscopy.

Logistic Regression Analysis
In univariable logistic regression analysis, mechanical ventila-

tion during the first 2 days was associated with increased odds
for death (odds ratio [OR], 2.87; 95% confidence interval [CI],
2.07-4.00; P<0.001). Additionally, cirrhosis due to alcohol use,
ascites, hepatocellular carcinoma, and acute kidney injury
were also associated with increased odds for death whereas
female sex, chronic kidney disease and obesity were associat-
ed with reduced odds for death. In the multivariable model,
mechanical ventilation (adjusted odds ratio [aOR], 3.00; 95%
CI, 2.14-4.20; P<0.001), ascites, hepatocellular carcinoma, and
acute kidney injury were associated with increased odds for
death whereas chronic kidney disease was associated with re-
duced odds for death (Table 3).

Pre-specified sensitivity analyses revealed that limiting our

cohort to patients who received mechanical ventilation on
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the first day only or among patients who had grade IV hepatic
encephalopathy as either a primary or secondary diagnosis
did not significantly impact our findings (Table 4). However,
when we limited our cohort to those who had grade IV hepatic
encephalopathy as a primary diagnosis only, mechanical ven-
tilation, ascites, and acute kidney injury were the only factors
associated with mortality in the multivariable model.

A post-hoc sensitivity analysis was done to determine
whether the use of hemodialysis represented a confounding
variable that accounted for the mortality benefit noted among
patients with chronic kidney disease. We identified 52 patients
who received hemodialysis by the second hospital day, of
which 45 had chronic kidney disease. The exclusion of all pa-
tients who received hemodialysis diminished the association
between chronic kidney disease and mortality in univariable
analysis (OR, 0.82; 95% CI, 0.63-1.06; P=0.12).
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Table 1. Baseline characteristics of the study cohort

No mechanical Mechanical

Varigble ventilation ventilation
Demographics
Number 1,813 162
Age (yr) 60 (52-67) 58 (52-64)
Sex (female) 769 (42) 62 (38)
Race (white) 1,182 (65) 98 (60)
Hospital status (academic) 1,137 (63) 114 (70)
Cirrhosis-related factor
Cirrhosis etiology (alcohol-related) 1,031 (57) 101 (62)
Ascites 982 (54) 94 (58)
Hepatocellular carcinoma 120 (7) NA
Medical comorbidity
Chronic obstructive pulmonary disease 190 (10) 20(12)
Congestive heart failure 158 (9) 17 (10)
Chronic kidney disease 530 (29) 39 (24)
Obesity 205 (11) 16 (10)
Most common adjunctive diagnosis
Acute kidney injury 474 (26) 35(22)

Values are presented as median (interquartile range) or number (%). Based on
the requirements of data user agreement for the National Inpatient Sample,
cells with patients counts less than or equal to 10 cannot be displayed and
are denoted as not available (NA).

Table 2. ICD-10 codes for the diagnoses incorporated in the study

DISCUSSION

Our findings suggest that early endotracheal intubation for
airway protection among patients with cirrhosis and grade
IV hepatic encephalopathy may be associated with increased
in-hospital mortality. Our analysis excluded patients who
may have had strong indications for mechanical ventilation,
namely cardiopulmonary failure, and assessed the impact
of other covariates such as demographics, cirrhosis etiology
and severity, and relevant acute and chronic comorbidities.
The application of mechanical ventilation was the strongest
predictor of mortality in all of our regression models. The aOR
for mechanical ventilation was approximately 3, an effect size
that is clinically meaningful for a study that excluded patients
who have the highest risk for in-hospital death (i.e., those with
shock and respiratory failure). The mortality rate for ventilated
patients with hepatic encephalopathy in our study was com-
parable with rates cited in other recent studies and additional
predictors of mortality in our multivariable models, including
ascites and acute kidney injury, are well-established prognos-
tic factors among patients with cirrhosis, suggesting that our
cohort is similar to external cohorts [9,20,21]. Although the as-

Diagnosis/procedure

ICD-10 code

Inclusion criteria
Cirrhosis

K70.3, K70.30, K70.31, K74.4, K74.5, K74.6, K74.60, K74.69

Grade IV hepatic encephalopathy (coma) K72.91, K72.11, K70.41, K72.01, K71.11

Exclusion criteria
Respiratory failure
Shock/cardiac arrest
Avrterial line (procedure)
Upper endoscopy (procedure) 0DJoszZ
Liver transplantation (procedure) OFY00Z0
Cirrhosis-related factor

Cirrhosis etiology (alcohol-related)

Ascites R18, R18.8, K70.31
Hepatocellular carcinoma (220
Comorbidity

Chronic obstructive pulmonary disease  J44.9, J44.1

Congestive heart failure
150.9

Chronic kidney disease
Obesity

Most common adjunctive diagnosis
Acute kidney injury

Endotracheal intubation (procedure)

£66.01, E66.9

J95.821, J95.822, J96.00, J96.01, J96.02, J96.20, J96.90, J96.92
146, 146.2, 146.8, 146.9, R09.2, R57.0, R57.1, R57.8, R65.21, T78.2, T81.10, T81.12, T81.19
03HC3DZ, 03HB3DZ, 04HL3DZ, 04HK3DZ

K70.3, K70.30, K70.31, K70.4, K70.40, K70.41

150, 150.1, 150.2, 150.20, 150.22, 150.3, 150.30, 150.32, 150.4, 150.40, 150.42, 150.8, 150.82, 150.83, 150.84, 150.89,

N18,N18.1,N18.2, N18.3, N18.30, N18.31, N18.32, N18.4, N18.5, N18.6, N18.9

N17.0,N17.1,N17.2,N17.8,N17.9,K76.7
OBH17EZ, OBH18EZ, 1GZ31CAEP, 1GZ31CAND

|ICD-10: International Classification of Diseases, 10th revision.
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Table 3. Logistic regression analyses for factors associated with
mortality

T

Table 4. Multivariable logistic regression models for pre-specified
sensitivity analyses

Variable aOR (95% Cl) P-value

Sensitivity analysis 1
Mechanical ventilation 3.01(2.12-4.28)  <0.001
Sex (female) 0.89 (0.70-1.14) 0.35
Cirrhosis etiology (alcohol-related) 1.24 (0.97-1.58) 0.09
Ascites 1.64 (1.29-2.08) <0.001
Hepatocellular carcinoma 2.11(1.43-3.12)  <0.001
Chronic kidney disease 0.65 (0.50-0.85) 0.002
Obesity 069 (0.46-104) 007
Acute kidney injury 2.02 (1.57-2.59)  <0.001

Sensitivity analysis 2
Mechanical ventilation 2.64(1.79-3.87)  <0.001
Sex (female) 0.82 (0.63-1.06) 0.12
Cirrhosis etiology (alcohol-related) 1.15 (0.88-1.51) 0.31
Ascites 158 (1.22-2.05)  <0.001

Variable (gEéZOCFI{) P-value

Univariable model OR (95% Cl)
Mechanical ventilation 2.87(2.06-4.00)  <0.001
Age 0.99 (0.98-1.00) 0.28
Sex (female) 0.76 (0.60-0.95) 0.02
Race (white) 1.10 (0.87-1.39) 0.43
Hospital status (academic) 1.02 (0.81-1.29) 0.85
Cirrhosis etiology (alcohol-related) 1.42 (1.13-1.78) 0.002
Ascites 1.85 (1.47-2.33) <0.001
Hepatocellular carcinoma 209 (1.43-3.04)  <0.001
Chronic obstructive pulmonary disease  1.02 (0.72-1.44) 093
Congestive heart failure 0.98 (0.67-1.44) 093
Chronic kidney disease 0.75 (0.58-0.96) 0.02
Obesity 0.64 (0.43-0.94) 0.02
Acute kidney injury 1.84 (1.45-2.32)  <0.001

aOR (95% CI)

3.00 (2.14-4.20) <0.001
0.89 (0.70-1.13) 0.34
1.24 (0.97-1.58) 0.09
1.62 (1.28-2.06) <0.001
2.12 (1.44-3.13) <0.001
0.65 (0.50-0.85) 0.002
0.68 (0.46-1.02) 0.06
2.04 (1.59-2.62) <0.001
Variables with P<0.10 in univariable models were included in the multivariable

model.
OR: odds ratio; aOR: adjusted odds ratio; Cl: confidence interval.

Multivariable model
Mechanical ventilation
Sex (female)
Cirrhosis etiology (alcohol-related)
Ascites
Hepatocellular carcinoma
Chronic kidney disease
Obesity
Acute kidney injury

sociation between chronic kidney disease and decreased mor-
tality was unexpected, a post-hoc sensitivity analysis suggested
that this finding may be partially explained by the fact that a
number of these patients received hemodialysis, an interven-
tion that can be used to treat hepatic encephalopathy and may
have thus facilitated clinical improvement.

In addition to being consistent with previous reports in the
literature, we believe that our findings have a strong physiolog-
ic basis. Patients with cirrhosis and hepatic encephalopathy
are particularly susceptible to the complications of mechanical
ventilation because of possible underlying circulatory, neuro-
logic, and immunologic dysfunction [11]. Because mechanical
ventilation itself may be associated with further impairment in
cardiovascular and cognitive function and immune defense,
patients with cirrhosis may be at a greater risk for developing
shock, progressive delirium, and infection, among other com-
plications [22-24].

360  https://www.accjournal.org

Hepatocellular carcinoma 1.98 (1.29-3.02) 0.002
Chronic kidney disease 0.65 (0.48-0.87) 0.004
Obesity 0.74 (0.49-1.14) 0.18
Acute kidney injury 2.08(1.59-2.72)  <0.001
Sensitivity analysis 3
Mechanical ventilation 2.50 (1.56-4.02)  <0.001

Sex (female) 0.81 (0.59-1.12) 0.20

(
Race (white) 1.31 (0.94-1.82) 0.11
Cirrhosis etiology (alcohol-related) 1.25(0.90-1.74) 0.18
Ascites 1.60 (1.17-2.20) 0.004

1.78(1.28-2.47)  <0.001

Variables with P<0.10 in univariable models (not shown) were included in the
multivariable models. Comparison were made between patients who received
endotracheal intubation on day 1 only versus those who did not (sensitivity
analysis 1) and between patients who had grade IV encephalopathy as
the primary or secondary diagnoses only (sensitivity analysis 2) or primary
diagnosis only (sensitivity analysis 3).

a0R: adjusted odds ratio; Cl: confidence interval.

Acute kidney injury

Although our findings are physiologically plausible and
largely representative of the larger body of work involving
mechanical ventilation in cirrhosis, our study is impacted by
important limitations, largely due to the retrospective obser-
vational nature of the design. It may be influenced by multiple
types of bias, including the effects of unmeasured confounding
variables. Because we utilized a publicly-available deidenti-
fied dataset, our analysis was limited to covariates that were
already present, and thus other key factors such as vital signs
and laboratory parameters could not be included in our anal-
yses. We attempted to exclude all patients with cardiopulmo-
nary failure by using appropriate ICD-10 diagnosis and proce-
dure codes, but we suspect that some individuals who received
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endotracheal intubation and mechanical ventilation may have
been more critically ill than those who did not receive these
interventions in ways that we were unable to capture. Addi-
tional liver-specific prognostic factors such as model for end-
stage liver disease (MELD) scores and Child-Turcotte-Pugh
(CTP) classification were also unavailable, but by including
only those with grade IV encephalopathy, our study effectively
consisted of patients with CTP scores of 7 or higher (i.e., CTP
B or C status). Furthermore, studies utilizing administrative
datasets are commonly impacted by inaccurate or incomplete
coding. Therefore, our study design focused on applying a
fairly restrictive coding scheme that required separate diag-
nostic codes for grade IV hepatic encephalopathy (i.e., hepatic
failure with coma) and cirrhosis for screening to increase the
specificity of our cohort. However, it is possible that patients
in the non-intubated group who were coded as having hepatic
failure with coma may have actually had grade II or III hepatic
encephalopathy whereas those who were intubated had true
grade IV hepatic encephalopathy. Finally, we were unable to
assess for differences in the medical management patients
received (i.e., use of lactulose and/or rifaximin), which could
have impacted outcomes as well.

In conclusion, this study is the first to our knowledge to
demonstrate that mechanical ventilation for patients with cir-
rhosis and grade IV hepatic encephalopathy may be associat-
ed with increased in-hospital mortality in a comparative fash-
ion. Our findings suggest that, in the absence of other strong
indications for mechanical ventilation, it may be reasonable
to consider deferring early endotracheal intubation for airway
protection in select patients who are otherwise clinically stable
and may respond to prompt medical management for hepatic
encephalopathy. However, it is crucial to note that these pre-
liminary findings should be interpreted cautiously in the con-
text of our study limitations. Future retrospective studies that
incorporate more granular patient data or prospective trials
are necessary before specific clinical recommendations can be
provided.
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