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Patterns of Inpatient Opioid Use and
Related Adverse Events Among Patients

With Cirrhosis: A Propensity-Matched
Analysis
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Pain is common among patients with cirrhosis, yet managing pain in this population is challenging. Opioid analgesics
are thought to be particularly high risk in patients with cirrhosis, and their use has been discouraged. We sought to
understand patterns of opioid use among inpatients with cirrhosis and the risks of serious opioid-related adverse events
in this population. We used the Vizient Clinical Database/Resource Manager, which includes clinical and billing data
from hospitalizations at more than 500 academic medical centers. We identified all nonsurgical patients with cirrhosis
hospitalized in 2017-2018 as well as a propensity score-matched cohort of patients without cirrhosis. Inpatient pre-
scription records defined patterns of inpatient opioid use. Conditional logistic regression compared rates of use and se-
rious opioid-related adverse events between patients with and without cirrhosis. Of 116,146 nonsurgical inpatients with
cirrhosis, 62% received at least one dose of opioids and 34% had regular inpatient opioid use (more than half of hospi-
tal days), rates that were significantly higher than in patients without cirrhosis (adjusted odds ratio [AOR] for any use,
1.17; 95% confidence interval [CI], 1.13-1.21; P < 0.001; AOR for regular use, 1.07; 95% CI, 1.02-1.11; P = 0.002).
Compared with patients without cirrhosis, patients with cirrhosis more often received tramadol (P < 0.001) and less
commonly received opioid/acetaminophen combinations (P < 0.001). Rates of serious opioid-related adverse events were
similar in patients with and without cirrhosis (1.6% vs. 1.9%; AOR, 0.96; P = 0.63). Conclusion: Over half of patients
with cirrhosis have pain managed with opioids during hospitalization. Patterns of opioid use differ in patients with
cirrhosis compared with patients without cirrhosis, although rates of serious adverse events are similar. Future studies
should further explore the safety and efficacy of opioids in patients with cirrhosis, with the goal of improving pain
management and quality of life in this population. (Hepatology Communications 2021;5:1081-1094).

ain is reported in up to 80% of outpatients with
cirrhosis and is associated with poor health-
related quality of life and increased health care

utilization™; yet, there is a paucity of published data

about safe and effective pain management options for
patients with cirrhosis, resulting in lack of consensus
guidelines, variable physician prescribing patterns, and
chronic undertreatment of pain in this population.(4_6)

Abbreviations: AHRQ, Agency for Healthcare Research and Quality; AOR, adjusted odds ratio; CDB/RM, Vizient Clinical Data Base/Resource
Manager; CI, confidence interval; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical Modification; IQR, interquartile

range.
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Opioid analgesics, in particular, although commonly
used to treat pain in the general population, have been
the subject of increased scrutiny over the last several
years due to increasing rates of opioid dependence
and overdose deaths in the United States.”) Patients
with cirrhosis are thought to be particularly suscepti-
ble to opioid overdose due to impaired drug metabo-
lism, and opioids specifically are thought to exacerbate
hepatic encephalopathy.® As a result, opioid use
is discouraged as a pain management option in this
population.®

Management of pain presents a particular chal-
lenge among hospitalized patients; a national focus on
the assessment and management of inpatient pain has
resulted in pain becoming the “fifth vital sign” during
hospitalization and has led to high rates of opioid
use among both medical and surgical inpatients.*1”
Patients who receive opioids during hospitalization
are also at risk for inpatient opioid-related adverse
events as well as subsequent opioid dependence and
overdose after discharge.1'? Inpatients with cir-
rhosis in particular, who are frequently hospitalized
with medical conditions causing acute pain on top of
preexisting chronic pain and may have acute worsen-
ing of impairment of drug clearance in the setting of
acute hepatic decompensation, are particularly vulner-
able to opioid-related harm and have also been shown
to have frequent inpatient opioid use." Therefore,
a more complete understanding of the risks of inpa-
tient opioid analgesics in this specific population is
warranted. In the current study, we used a propensity
score-matched contemporary national hospitalization
cohort to help understand the frequency and patterns
of opioid use among inpatients with and without cir-
rhosis and the risks of serious opioid-related adverse
events in this population.
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Patients and Methods
SOURCE OF DATA

This was a retrospective cohort study using de-
identified inpatient data from the Vizient Clinical
Data Base/Resource Manager (CDB/RM). Vizient
is a consortium of 3,000 hospitals across the United
States; more than 150 academic medical centers and
over 400 affiliate hospitals participate in the CBD/
RM, which provides clinical, discharge, procedure,
cost, and outcome data for each hospital encounter
among member institutions. Data are extracted from
hospital billing systems approximately 30 days after
discharge and finalized after cleaning and validation
steps are completed by Vizient. All data were de-
identified to conform with requirements of the Health
Insurance Portability and Accountability Act.

STUDY POPULATION

The study population consisted of all inpa-
tient nonsurgical admissions in the Vizient CDB/
RM with hospital discharges from January 1, 2017,
to December 31, 2018, for patients 218 years old at
admission (Fig. 1). Surgical admissions were excluded
because of the high likelihood for acute postsurgi-
cal pain among this cohort that results in differing
analgesic requirements. Excluded surgical admis-
sions included operating room-based procedures,
defined using the Agency for Healthcare Research
and Quality’s (AHRQ) Procedure Class Definitions
for International Classification of Diseases, Tenth
Revision, Clinical Modification (ICD-10-CM) pro-
cedure codes. "1 To ensure all surgical admissions
were removed, we also excluded admissions in which
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FIG. 1. Study cohort flow diagram. Abbreviation: OR, operating room.

the attending of record was a surgeon. Given high
rates of appropriate opioid use at the end of life,
we excluded admissions if patients died during hos-
pitalization or if they were discharged with hospice
care. However, we performed a sensitivity analysis
that included these patients because opioid-related
adverse events may have contributed to death. We also
removed admissions in which length of stay was <1

or over 365 days. Admissions were excluded if they
represented a 30-day readmission following an index
hospitalization in the Vizient database to ensure as
many unique patients as possible.

Patients with cirrhosis were identified from within
this medical cohort by the presence of one of nine
ICD-10-CM diagnosis codes for cirrhosis, whether

principal or secondary. A subset of seven of these
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ICD-10-CM codes (Supporting Table S1) has been
validated previously, with a >90% positive predictive
value for identifying patients with cirrhosis.*'”) Two
additional ICD-10-CM codes were added (K72.10,
chronic hepatic failure with coma; K72.11, chronic
hepatic failure without coma) to increase sensitivity of
identifying patients with cirrhosis.

COVARIATE DEFINITIONS

We were interested in demographic, clinical, and
hospitalization factors associated with inpatient opioid
use and serious opioid-related adverse events among
patients with and without cirrhosis. Demographic fac-
tors included in the Vizient data and tested as covari-
ates in our analyses included sex, patient age group
(precise age is not provided to ensure data remains de-
identified), race/ethnicity, primary payer, and hospital
region.

ICD-10-CM diagnosis codes were used to deter-
mine comorbidities and cirrhosis-related complications.
We used the administrative data-derived Charlson
Comorbidity Index as a proxy for patient comor-
bidity.'*1”) Cirrhosis complications were defined as
ascites, varices, variceal bleed, hepatic encephalopathy,
hepatorenal syndrome (HRS), and spontaneous bacte-
rial peritonitis (SBP) (see Supporting Table S2). Codes
for ascites and esophageal varices have been validated
previously, with positive predictive value >90%.1%
Hepatic encephalopathy was defined as either having
an ICD-10-CM code for liver disease “with coma” or
at least one inpatient charge for both lactulose and
rifaximin (medication charges are available in the
Vizient CDB/RM, as described below). While lact-
ulose and rifaximin can each be used for nonhepatic
encephalopathy indications, use of both medications
is suggestive of treatment for hepatic encephalopathy.
HRS and SBP are each defined using single specific
ICD-10-CM codes. In an effort to use the most sensi-
tive definition of hepatic decompensation, a diagnosis
code for any one of these cirrhosis-related complica-
tions categorized a patient as having decompensated
cirrhosis. To minimize confounding by decompensa-
tion status, we performed secondary analyses in which
we stratified patients as noncirrhosis, compensated cir-
rhosis, or decompensated cirrhosis.

Hospitalization-specific covariates included admis-
sion status (emergency, urgent, elective, trauma),
admission source (emergency room, transfer, other),
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length of stay, and intensive care unit stay, all of which
were variables in the Vizient CDB/RM. Physician
specialty was defined as the specialty of the primary
discharging provider, categorized as general medicine,
liver/gastroenterology specialist, and other. Hospital
characteristics, including size, teaching status, and
liver transplant center, were available in the database.

PREVALENCE AND PATTERNS OF
OPIOID USE

In order to identify patients who received opioids
during hospitalization, we used inpatient prescription
charges by hospital day, which were available in the
Vizient CDB/RM. The database included drug formu-
lation information, which we used to define parenteral
and oral administration. A list of medications catego-
rized as opioids is shown in Supporting Table S3. A
similar list has been used in administrative data set stud-
ies of inpatient opioid use.’*'” Opioid combinations
with other analgesics were included. Buprenorphine
was excluded as it is most commonly used as treatment
for opioid dependence, but methadone was included as
it is also used for the treatment of chronic pain. We
performed a sensitivity analysis excluding methadone
in case its exclusion biased our results.

We identified inpatient opioid use in the following
two ways: (1) any charge for an opioid on at least one
day of hospitalization (any opioid use) and (2) any
charge for an opioid on more than half of hospital
days (regular inpatient opioid use). “Regular inpatient
opioid use” was used as our primary exposure for all
multivariable models, although sensitivity analyses
were performed using “any opioid use” as an alternate
exposure definition. We also evaluated rates of opioid
administration within 24 hours of admission and on
the day of discharge as well as the types of opioids
used during hospitalization and routes of administra-
tion. We identified covariates that were associated with
these particular patterns of opioid use in patients with
cirrhosis compared with patients without cirrhosis.

In an effort to understand whether patients were
likely to receive opioids because of chronic or outpa-
tient use, we identified the proportion of patients with
one of four ICD-10-CM diagnosis codes for chronic
pain that have been validated in the literature.?? We
also identified patients with one of 143 opioid-related
ICD-10-CM diagnosis codes either for opioid abuse
or opioid poisoning, as defined by the AHRQ(ZI)
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SERIOUS OPIOID-RELATED
ADVERSE EVENTS

Our primary outcome was serious opioid-related
adverse events, which were defined as either naloxone
exposure or an opioid-related adverse event diagnosis
code, a definition that has been used in the literature
with high-positive predictive value.?*?? We defined
naloxone exposure as at least one charge for nalox-
one, excluding charges on the day of admission as this
could represent opioid overdose before presentation.
Opioid-related adverse event diagnosis codes included
one of 102 ICD-10-CM codes for opioid poisoning
(see above), as defined by the AHRQ, that was not

indicated as present on admission.?V

STATISTICAL ANALYSIS

To ensure that baseline characteristics were similar
between patients with and without cirrhosis, we used
a propensity score model to match patients on clini-
cally relevant demographic and clinical characteristics,
defined a priori, which were hypothesized to be asso-
ciated with in-hospital opioid use and opioid-related
adverse events. These included age group, sex, race, pri-
mary payer, Charlson Comorbidity Index, and chronic
pain diagnosis. Propensity scores were calculated for
each subject to identify the conditional probability of
having cirrhosis, using a logistic regression model with
cirrhosis as the dependent variable, stratified by hospi-
tal. One hospital that did not admit any patients with
cirrhosis over the 2-year study period was excluded.
Patients with and without cirrhosis were then matched
in a 1:1 ratio using caliper matching without replace-
ment with a caliper size of 0.1 times the pooled stan-
dard deviation of the logit of the propensity score. The
psmatch2 program was applied for matching,m) and
the pstest command was used to evaluate the success of
matching by comparing the differences in baseline char-
acteristics before and after matching. For each covariate
from the propensity score model, an absolute value of
the standardized difference <0.25 and a variance ratio
between 0.5 and 2.0 (inclusive) indicated adequate sam-
ple balance. The double-adjustment method was used
for all matching covariates given a large sample size. %"

Categorical variables were presented as percent-
ages and compared between unmatched groups by
y* and Fisher’s exact tests.
were presented as medians with interquartile ranges

Continuous variables
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(IQRs) and compared between unmatched groups
by Wilcoxon rank-sum tests, given non-normal dis-
tributions. Unconditional logistic regression clustered
by hospital was used for subgroup analyses to identify
patient and hospitalization factors associated with the
regular inpatient opioid use outcome within each of
the cirrhosis and noncirrhosis subgroups. Conditional
logistic regression models grouped by matched pairs
and clustered by hospital were used to identify associ-
ations between cirrhosis and our outcomes. Using the
covariates from the cirrhosis subgroup multivariable
model in a model including patients with and without
cirrhosis, we tested for the interaction between a cir-
rhosis diagnosis and all other covariates to determine
how predictors of our outcomes differed in patients
with cirrhosis compared with patients without cirrho-
sis. In all analyses after including all baseline factors
that were thought to be possible confounders, back-
ward selection was used to develop models. Terms with
significance <0.1 were selected for inclusion in the
multivariable models. Covariates not reaching a signif-
icance of P < 0.05 were sequentially eliminated. Two-
sided P < 0.05 was considered statistically significant.
All P values reported below are from double-adjusted
conditional logistic regression models, unless otherwise
specified. Analyses were performed using Stata/IMP
16.1 statistical software (College Station, TX).

Results

PATIENT DEMOGRAPHICS AND
CLINICAL CHARACTERISTICS

Of 9,348,723 hospitalizations in the 2017-2018
Vizient CDB/RM, 5,966,309 (63.8%) were among
nonsurgical patients (Fig. 1). Of these, 192,483 (3.2%)
had a primary or secondary diagnosis of cirrhosis.
Overall, 117,743 with cirrhosis and 3,015,121 without
cirrhosis met our inclusion criteria. Selected demo-
graphic and clinical characteristics of the cohort before
propensity matching are shown in Table 1. Overall,
55.8% of patients were women, 65.7% were white, and
40.0% were 65 years or older. Among patients with
cirrhosis, 61.1% had decompensated cirrhosis; of these,
43.6% had ascites, 23.3% had hepatic encephalopathy,
and 26.1% had varices. Patients with cirrhosis were
less likely to be women (40.1% vs. 56.5%; P < 0.001),
less likely to have private insurance (19.2% vs. 23.8%),
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TABLE 1. BASELINE CHARACTERISTICS OF COHORT BEFORE PROPENSITY SCORE MATCHING

Total No cirrhosis Cirrhosis
Characteristic N =3,132,864 n=3,015,121 (96.2%) n=117,743,(3.8%) PValue
Female sex 55.80% 56.50% 40.10% <0.001
Age group (years) <0.001
18-30 14.60% 15.10% 2.30%
31-50 22.00% 22.10% 21.30%
51-64 23.30% 22.50% 44.50%
65+ 40.00% 40.40% 31.80%
Race <0.001
White 65.70% 65.50% 70.30%
Black 22.30% 22.60% 14.90%
Asian 2.30% 2.30% 2.00%
Hispanic 7.80% 7.70% 11.20%
Other 1.80% 1.80% 1.60%
Region <0.001
Midwest 35.80% 36.00% 31.50%
Northeast 30.20% 30.30% 26.70%
South 22.80% 22.70% 26.70%
West 11.20% 11.10% 15.00%
Primary payer <0.001
Private/commercial 23.60% 23.80% 19.20%
Medicaid 21.80% 21.60% 27.00%
Medicare 47.80% 47.90% 45.00%
Other 6.70% 6.70% 8.70%
Charlson Comorbidity Index 2.0 (0.0-4.0 2.0 (0.0-4.0 4.0 (3.0-6.0) <0.001
Chronic pain ICD-10-CM code 7.60% 7.50% 10.70% <0.001
Admission status <0.001
Emergency 71.90% 71.60% 78.30%
Urgent 17.70% 17.70% 17.80%
Elective 9.60% 9.90% 3.20%
Other 0.80% 0.80% 0.70%
Transfer 12.50% 12.30% 18.60% <0.001
Teaching hospital 73.50% 73.20% 81.00% <0.001
Cirrhosis complications
Decompensated cirrhosis 61.10%
Ascites 43.60%
Hepatic encephalopathy - 23.30%
Varices - 26.10%
Variceal bleed - 5.60%
Spontaneous bacterial peritonitis - 4.00%
Hepatorenal syndrome - 3.80%

Data are presented as percent or median (IQR).

and had more comorbidities (median Charlson Index
4 vs. 2) than patients without cirrhosis. They were also
more likely to have a chronic pain diagnosis (10.7% vs.
7.5%). Following propensity matching and exclusion
of 1,238 additional patients either with incomplete
medication data or their matched pairs, a final cohort
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with 232,292 patients was identified. Characteristics of
the propensity-matched cohort and individual covari-
ate sample balance diagnostics are shown in Table 2,
and a plot of propensity scores before and after pro-
pensity matching by cirrhosis diagnosis is shown in

Supporting Fig. S1.
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TABLE 2. BASELINE CHARACTERISTICS OF PROPENSITY SCORE-MATCHED COHORT

Total No cirrhosis Cirrhosis
Standardized Difference or

Matching Covariates N =232,292 n=116,146 (50%) n=116,146 (50%) PValue*
Female sex 40.3% 40.4% 40.3% 0.002
Age group (years)
18-30 2.2% 2.0% 2.3% 0.02
31-50 21.1% 20.8% 21.3% 0.01
51-64 44.7% 45.0% 44.5% 0.01
65+ 32.1% 32.2% 31.9% 0.006
Race
White 70.5% 70.7% 70.3% 0.009
Black 15.1% 15.4% 14.9% 0.01
Asian 1.9% 1.8% 2.0% 0.01
Hispanic 10.9% 10.7% 11.2% 0.02
Other 1.5% 1.4% 1.6% 0.02
Primary payer
Private/commercial 19.3% 19.3% 19.4% 0.003
Medicaid 26.9% 26.8% 27.0% 0.002
Medicare 45.5% 45.8% 45.2% 0.01
Other 8.3% 8.2% 8.5% 0.01
Charlson Comorbidity Index 4.0 (3.0-6.0) 4.0 (3.0-6.0) 4.0 (3.0-6.0) 0.008
Chronic pain ICD-10-CM code 10.5% 10.3% 10.8% 0.02
Other covariates
Admission stafus <0.001
Emergency 77.4% 76.6% 78.2%
Urgent 17.6% 17.3% 17.9%
Elective 4.3% 5.4% 3.2%
Other 0.8% 0.8% 0.7%
Transfer 17.7% 16.7% 18.6% <0.001
Teaching hospital 80.9% 80.9% 80.9% 0.98
Cirrhosis complications
Decompensated cirrhosis 61.1%
Ascites 43.6%
Hepatic encephalopathy 23.4%
Varices 26.1%
Variceal bleed 5.5%
Spontaneous bacterial peritonitis 4.0%
Hepatorenal syndrome 3.8%

Data are presented as percent or median (IQR).
*Standardized difference of means presented for matched covariates and P values for other covariates that were not used in the propensity-

matching model.

PATTERNS OF INPATIENT OPIOID

USE

Inpatient opioid use was common among our
cohort; nearly two thirds of our cohort (59.6%)
received at least one opioid dose during hospitaliza-
tion and one third (33.2%) had regular inpatient opi-
oid use (i.e., on over half of hospital days). Among

those who received at least one opioid dose, 68.5%

received at least one dose of an intravenous opioid,
80.4% received an opiate within 24 hours of admission,
and 48.8% received opioids on the day of discharge.
Among those patients with regular inpatient opioid
use, over 95% received their first dose within the first
24 hours of hospitalization (see Supporting Fig. S2).
The most commonly used types of opioids overall
were fentanyl, oxycodone, and morphine, as shown

in Fig. 2A. Distribution by opioid type was similar
1087
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FIG. 2. Rates of inpatient opioid use by type among patients with and without cirrhosis. (A) Any inpatient use; (B) regular inpatient use
(over half of hospital days). *P < 0.01, on conditional logistic regression with double adjustment. Abbreviation: APAP, acetaminophen.

between patients with and without cirrhosis. On con-
ditional logistic regression with double adjustment,
patients without cirrhosis were significantly more
likely to receive morphine, hydromorphone, hydroco-
done, and opioid/acetaminophen combinations, while
patients with cirrhosis were significantly more likely
to receive tramadol and methadone. Fentanyl was
much less commonly used among patients with regu-
lar inpatient opioid use (Fig. 2B); oxycodone was most
frequently used in this subset of patients, with similar
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rates of oxycodone use in regular opioid users with and
without cirrhosis (P = 0.3). Differences in patterns of
use between patients with and without cirrhosis were
similar to those observed in patients with regular inpa-
tient opioid use. When stratified by decompensation
status, patients with decompensated cirrhosis were
significantly less likely to receive any type of opioid
except tramadol, which was significantly more likely
to be used in patients with decompensated cirrhosis
(P < 0.001 for regular and any inpatient opioid use).
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CHRONIC PAIN AND OPIOID-
RELATED DIAGNOSES

Among patients with regular inpatient opioid use,
only 19.5% had an ICD-10-CM diagnosis of chronic
pain, with similar rates in patients with and with-
out cirrhosis. Even fewer patients, 10.8% of regular
inpatient opioid users, had an opioid-related diagno-
sis code (i.e., opioid abuse or poisoning), which was
slightly higher among patients with cirrhosis com-
pared to patients without cirrhosis (11.3% vs. 10.3%,
respectively), although this was not statistically sig-
nificant on conditional logistic regression (P = 0.4).
When stratified by decompensation status, this clin-
ical difference was completely explained by higher
rates of opioid-related diagnosis codes among those
with compensated cirrhosis (13.7% in compensated
vs. 9.6% in decompensated cirrhosis).

RISK FACTORS FOR INPATIENT
OPIOID USE

Patients with regular inpatient opioid use in our
cohort were more likely to be women (43.7% vs.
38.6%, P < 0.001), less than 65 years old (78.4% vs.
62.8%, P < 0.001), and non-Hispanic white (73.1% vs.
69.3%, P < 0.001). Patients with cirrhosis had a higher
rate of regular inpatient opioid use than patients with-
out cirrhosis (34.0% vs. 32.4%) and had 7% higher
odds of inpatient opioid use on multivariable logistic
regression (adjusted odds ratio [AOR] 1.07; 95% con-
fidence interval [CI], 1.02-1.08; P = 0.002). Among
patients with cirrhosis, age under 65 years was asso-
ciated with greater than twice the odds of opioid use
compared with patients 65 years and over on uncon-
ditional multivariable analysis (AOR, 2.32; 95% CI,
2.22-2.43) (Table 3). Other demographic factors most
strongly associated with opioid use in patients with
cirthosis included: female sex (AOR, 1.27; 95% CI,
1.21-1.29), non-Asian race (AOR, 1.87; 95% CI, 1.60-
2.19), and having public insurance (e.g., Medicare or
Medicaid) (AOR, 1.42; 95% CI, 1.34-1.49). In addi-
tion to a chronic pain diagnosis (AOR, 3.46; 95% CI,
3.17-3.74), having compensated cirrhosis was associ-
ated with higher rates of opioid use; specifically, the
presence of varices or hepatic encephalopathy was
associated with decreased odds of opioid use (AOR,
0.88; 95% CI, 0.84-0.92; and AOR, 0.80; 95% CI,
0.75-0.86). Patients with a general medicine provider

RUBIN ET AL.

during hospitalization were also more likely to have
regular inpatient opioid use (AOR, 1.15; 95% ClI,
1.07-1.23). Risk factors for opioid use were similar for
patients with and without cirrhosis, as shown in Fig. 3,
although on interaction analysis, public insurance was
more strongly associated with regular opioid use in
patients with cirrhosis compared with patients with-
out cirrhosis and age under 65 years was more strongly
associated with opioid use in patients without cirrhosis
(interaction P value for public insurance/cirrhosis and
age/cirrhosis were both <0.001). On sensitivity analysis
using any opioid use as our outcome, a cirrhosis diag-

nosis was also independently associated with increased
odds of opioid use (AOR, 1.17; 95% CI, 1.13-1.21).

SERIOUS OPIOID-RELATED
ADVERSE EVENTS

Among the 77,096 patients with regular inpatient
opioid use, 660 (0.9%) had a charge for naloxone use
during hospitalization, excluding naloxone charges on
the day of admission. In addition, 775 patients (1.0%)
had an ICD-10-CM code for opioid poisoning that
was not present on admission, resulting in a total of
1,354 patients (1.8%) with a serious opioid-related
adverse event during hospitalization. Patients with
cirrhosis had a lower rate of serious opioid-related
adverse events than patients without cirrhosis (1.6%
vs. 1.9%), but this difference was not statistically sig-
nificant on multivariable logistic regression (AOR,
0.96; 95% CI, 0.81-1.13; P = 0.63). Similarly, among
the 138,817 patients with any opioid use, patients with
cirrhosis had a lower rate of serious opioid-related
adverse events (1.4% vs. 1.5%); again this difference
was not statistically significant on multivariable con-
ditional logistic regression (AOR, 0.91; 95% CI,
0.82-1.00; P = 0.05). In sensitivity analysis excluding
patients who received methadone, overall adverse event
rates were lower (0.9%) among regular opioid users
and statistically higher among patients without cirrho-
sis compared to those with cirrhosis (1.4% vs. 0.8%;
P = 0.002). Additionally, when including patients
who died in the hospital or were discharged on hos-
pice, serious opioid-related adverse event rates were
similar between patients with and without cirrhosis
(P = 0.09). Rates of serious opioid-related adverse
events by decompensation status are shown in Fig. 4.
Patients with decompensated cirrhosis had lower rates
of serious opioid-related adverse events, but this was

1089



RUBIN ET AL.

HEPATOLOGY COMMUNICATIONS, June 2021

TABLE 3. RISK FACTORS FOR REGULAR INPATIENT OPIOID USE AMONG PATIENTS WITH CIRRHOSIS
(n=116,146)*

Unadjusted Adjusted

OR 95% Cl PValue AOR 95% Cl Pvalue
Female sex 1.23 1.19-1.26 <0.001 1.25 1.21-1.29 <0.001
Age group (years)
18-30 REF REF
31-50 0.93 0.84-1.04 <0.001 0.89 0.80-0.98 <0.001
51-64 0.79 0.71-0.88 0.71 0.64-0.78
65 and over 0.41 0.37-0.46 0.31 0.28-0.35
Race
Asian/Pacific Islander REF REF
White 2.37 2.02-2.79 <0.001 1.95 1.66-2.28 <0.001
Black 2.49 2.09-2.96 1.95 1.65-2.31
Hispanic 1.78 1.26-2.07 1.25 1.23-1.69
Primary payer
Private REF REF
Medicaid 1.48 1.39-1.58 <0.001 1.34 1.25-1.43 <0.001
Medicare 1.05 0.99-1.11 1.49 1.39-1.60
Other 1.1 0.95-1.26 1.07 0.93-1.25
Charlson Comorbidity Index 1.01 0.99-1.01 0.14
Chronic pain diagnosis 3.66 3.37-3.97 <0.001 3.45 3.17-3.74 <0.001
Compensated cirrhosis 1.17 1.12-1.23 <0.001
Ascites 0.98 0.94-1.03 0.47
Varices 0.85 0.82-0.89 <0.001 0.88 0.84-0.92 <0.001
Hepatic encephalopathy 0.83 0.78-0.88 <0.001 0.8 0.75-0.86 <0.001
Outside hospital transfer 1.05 0.99-1.12 0.1
Admission status
Emergency REF
Urgent 0.98 0.90-1.05 0.39
Elective 1.04 0.92-1.18
Other 12 0.93-1.54
Physician specialty
Internal medicine REF REF
Gl/liver specialist 0.78 0.70-0.87 0.86 0.77-0.97 <0.001
Critical care 0.85 0.76-0.95 <0.001 0.85 0.76-0.96
Other 0.86 0.80-0.92 0.89 0.83-0.95
Transplant center 0.92 0.82-1.04 0.2
Teaching hospital 0.84 0.76-0.94 0.002 0.83 0.74-0.93 0.001

*All analyses clustered by hospital.

Abbreviations: GI, gastrointestinal; OR, odds ratio; REF, reference.

only statistically significant when compared to patients
without cirrhosis in the cohort of patients with any

opioid use during hospitalization (P = 0.003).

Discussion

In a large national representative cohort of med-
ical inpatients, we found that opioid use was very
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common; nearly two thirds of hospitalized patients
received at least one dose of opioids during hospital-
ization, and over one third received opioids regularly
throughout admission. In our propensity-matched
cohort, overall rates of opioid use were slightly higher
among patients with cirrhosis, although types of opi-
oids given differed, with patients with cirrhosis more
likely to receive tramadol and less likely to receive
opioid/acetaminophen combinations. Among patients
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FIG. 3. Risk factors for regular inpatient opioid use on multivariable logistic regression clustered by hospital in patients with and without

cirrhosis.
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with regular inpatient opioid use, rates of serious
opioid-related adverse events were low and patients
with cirrhosis appeared to have similar rates of these
adverse events compared with patients without cirrho-
sis, with slightly lower risk of adverse events in those
with decompensated disease.

Previous studies have established high rates of
outpatient opioid prescriptions among patients with
cirrhosis, even in comparison to patients with other
chronic diseases. % Our study describes patterns

of opioid use in inpatients with cirrhosis and sug-
gests that opioids are used in this population at rates
that are similar to or higher than in inpatients with-
out cirrhosis. We found this to be true using multi-
ple definitions of inpatient opioid use and even after
adjustment for multiple other predictors of analgesic
use. Our findings are consistent with other recent
publications that have described patterns of inpatient
opioid use in the general population (both surgical and
nonsurgical), suggesting that approximately 50% of all
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inpatients receive opioids during admission.*1”) Also
similar to prior studies, we found that many patients
who received opioids during hospitalization received
their first doses in the emergency room or within the
first day of hospitalization and that the medications
were continued throughout their stay. This was true
in our cohort despite fewer than 20% of patients hav-
ing documented chronic pain diagnoses and only 10%
having opioid-related diagnoses. Overall, these find-
ings suggest that inpatients with cirrhosis have pain
requiring analgesics at least as frequently as inpa-
tients without cirrhosis, as expected based on prior
studies of outpatients with cirrhosis. When stratified
by decompensation status, however, patients with
decompensated disease had similar rates of opioid
use overall but were less likely to have regular opioid
use compared with patients with compensated cirrho-
sis, likely due to provider concerns regarding opioid
safety in these patients. As it is unlikely that patients
with decompensated cirrhosis had lower rates of pain
than patients with compensated disease or the general
population, these findings suggest pain may be under-
treated in those with hepatic decompensation.

Patterns of opioid use also differed in patients with
cirrhosis compared to the general population. In par-
ticular, our finding that tramadol is more commonly
used among patients with cirrhosis (particularly those
with decompensated cirrhosis) further suggests that
providers are attempting to minimize opioid-related
side effects in this population; tramadol has been sug-
gested to be less likely to cause sedation and respi-
ratory depression than other opioids.(”’28
so, however, they may be using a less effective anal-
gesic option, further highlighting possible under-
treatment of pain in this vulnerable population.?*3”
Additionally, tramadol has been shown to be associ-
ated with an increased risk of hypoglycemia and hypo-
natremia compared to other opioids, adverse effects
that may be particularly concerning among patients
with decompensated cirrhosis but which have not
been studied in this population specifically.*"*? Our
findings of increased tramadol use in combination
with decreased rates of opioid/acetaminophen com-
binations in patients with cirrhosis may also reflect
provider concerns about adverse effects of other anal-
gesics, such as acetaminophen or nonsteroidal anti-
inflammatories, in patients with cirrhosis.¥

Do high rates of inpatient opioid use in patients

) In doing

with cirrhosis translate to increased risk of harm in
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this vulnerable population? We found that during
hospitalization, rates of serious opioid-related adverse
events, defined as naloxone use after admission or
an opioid poisoning ICD-10-CM code not present
on admission, were similar among patients with cir-
rhosis compared to patients without cirrhosis. Our
serious adverse event rates of 1%-2% are consistent
with a large 2014 study of hospitalized nonsurgical
patients.' Other studies have suggested overall rates
of opioid-related adverse events may be as high as
14%,(33_35) but these studies used different methods
that would detect complications (e.g., constipation
or urinary retention specifically caused by opioids),
which are not easily detected in administrative data.
While it is possible that rates of such minor adverse
events differ between patients with and without cir-
rhosis, these may not necessarily be contraindications
to opioid use for treatment of severe pain.

Our study has several limitations. First, because
the Vizient CDB/RM is an administrative data set, it
lacks clinical and laboratory information tailored spe-
cifically to patients with cirrhosis, which may allow
for better characterization of risk factors for adverse
events in this population. However, given our large
sample size, propensity-matched cohort, and adjust-
ment for multiple covariates in all our models, even
small differences between patients with and without
cirrhosis should have been detected in our analyses.
The lack of clinical details (i.e., reliance on ICD-
10-CM codes) also prevented the evaluation of
important cirrhosis-specific opioid-related adverse
events, such as development of new hepatic encepha-
lopathy or progressive hepatic decompensation during
hospitalization. Second, as with all analyses of admin-
istrative data sets, several of our outcomes of inter-
est (i.e., opioid-related adverse events) are based on
ICD-10-CM codes, which are subject to coding vari-
ability by provider. However, there is no reason why
coding would systematically differ between patients
with and without cirrhosis. Third, the lack of pread-
mission outpatient medications precludes analysis of
which patients were receiving opioids as an outpatient
and which were newly started on opioids during their
hospitalization, and this may be an important vari-
able in analyzing adverse events, although we used
valid ICD-10-CM codes for chronic pain, chronic
opioid use, and opioid use disorder. Finally, this anal-
ysis did not include dosage information; it is possi-
ble that patients with cirrhosis receive lower doses of
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opioids, resulting in similar adverse event rates com-
pared with patients without cirrhosis. Regardless, our
findings suggest that there are patterns of opioid use
that can be safe in this population, including in those
with decompensated disease, and may not need to be
avoided completely.

Our study has important implications not only
for clinicians struggling to make appropriate analge-
sic choices in this high-risk population but also for
national and international organizations seeking to
guide appropriate analgesic use in patients with cir-
rhosis. Our findings confirm that pain and the need
for pain control is common among inpatients with
cirrhosis. However, patients with cirrhosis, particularly
those with decompensated disease, may be at risk for
undertreatment of their pain, likely because physicians
teel handcuffed by possible risks of multiple classes
of analgesics. Additionally, our findings suggest that
there may in fact be a subset of patients with cirrhosis
in whom opioids can be safe analgesic options. Future
studies with data sets with additional clinical detail
should be used to further characterize this population
and to elucidate population-specific efficacy and risks,
including additional clinical and health resource utili-
zation outcomes, of opioid analgesics in patients with
cirrhosis, with the ultimate goal of reducing pain and
improving quality of life among patients with chronic
liver disease.
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