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BACKGROUND: Hospitalization of patients with opioid
use disorder (OUD) is increasing, yet little is known about
opioid agonist therapy (OAT: methadone and buprenor-
phine) administration during admission.
OBJECTIVE: Describe and examine patient- and
hospital-level characteristics associated with OAT receipt
during hospitalization in the VeteransHealth Administra-
tion (VHA).
PARTICIPANTS: A total of 12,407 unique patients, ≥
18 years old, with anOUD-related ICD-10 diagnosis with-
in 12 months prior to or during index hospitalization in
fiscal year 2017 from 109 VHA hospitals in the continen-
tal U.S.
MAIN MEASURE: OAT received during hospitalization.
KEY RESULTS: Few admissions received OAT (n = 1914;
15%) and when provided it was most often for withdrawal
management (n = 834; 7%). Among patients not on OAT
prior to admission who survived hospitalization (n =
10,969), 2.0% (n = 203) were newly initiated on OAT with
linkage to care after hospital discharge. Hospitals varied
in the frequency of OAT delivery (range, 0 to 43% of qual-
ified admissions). Patients with pre-admission OAT (ad-
justed odds ratio [AOR] = 15.30; 95% CI [13.2, 17.7]),
acute OUD diagnosis (AOR= 2.3; 95% CI [1.99, 2.66]),
and male gender (AOR 1.52; 95% CI [1.16, 2.01]) had
increased odds of OAT receipt. Patients who received
non-OAT opioids (AOR 0.53; 95% CI [0.46, 0.61]) or sur-
gical procedures (AOR 0.75; 95% CI [0.57, 0.99]) had
decreased odds of OAT receipt. Large-sized (AOR= 2.0;
95% CI [1.39, 3.00]) and medium-sized (AOR= 1.9; 95%
CI [1.33, 2.70]) hospitals were more likely to provide OAT.
CONCLUSIONS: In a sample of VHA inpatient medical
admissions, OAT delivery was infrequent, varied across
the health system, and was associated with specific

patient and hospital characteristics. Policy and educa-
tional interventions should promote hospital-based OAT
delivery.
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INTRODUCTION

Surging opioid-related hospitalizations challenge the acute care
delivery system in the United States (U.S.).1 Opioid-related
hospitalizations are associated with increased readmissions2 and
12% of patients admitted with an OUD-related condition leave
the hospital against medical advice.3 OUD-related admissions
disproportionately burden public payers3,4 and cost more than
non-opioid-related admissions.3,5 Opioid agonist therapy
(OAT)—buprenorphine or methadone6—is provided infrequent-
ly and variably during hospitalization7 or upon discharge.8 Un-
derutilization occurs although OAT delivery during hospitaliza-
tion is feasible9,10 and OAT receipt is associated with decreased
illicit opioid use upon discharge,9 reduced 30- and 90-day read-
missions,11 and increased post-hospital substance use disorder
(SUD) treatment engagement.11,12

Veterans are particularly vulnerable as they are twice as
likely to die from accidental opioid overdose than non-
veterans.13 OUD diagnoses within the Veterans Health Ad-
ministration (VHA) have increased nearly twofold between
2004 (n = 30,093)14 and 2017 (n = 54,078).15 The VHA’s ini-
tiatives to increase OAT access16 include a system-wide re-
quirement that all VHA facilities provide access to OAT16 and
follow national OUD treatment guidelines.17 In fiscal year
2017, 41% (n = 22,179) of VHA patients with OUD received
an OUD-related pharmacotherapy.15 At the facility-level,
OUD-related pharmacotherapy delivery ranged from 2 to
76% across the VHA system.15 To date, little is known about
inpatient practice for this patient population. This multi-
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hospital retrospective study examines variation in OAT deliv-
ery and receipt for hospitalized VHA patients with OUD.

METHODS

Study Design and Cohort

A retrospective sample of unique acute medical and surgical
inpatient admissions from fiscal year 2017 was extracted from
the VHA Corporate Data Warehouse, a database containing
national VHA patient electronic health record data. Eligible
individuals were aged 18 or older with a primary or secondary
OUD ICD-10 diagnosis from any source (inpatient, outpatient,
and community care paid for by VHA) in the year preceding
index hospitalization or during index hospitalization in fiscal
year 2017. Facilities were restricted to “acute care hospitals”
with at least 500 acute bed days of care delivered during the
study period and at least 25 index admissions. Patients were
excluded if they did not have a primary or secondary admis-
sion code, if they had an Elixhauser cancer flag,18 and if they
had a hospital length of stay (LOS) greater than or equal to the
99th percentile (median 82 days, range 51 to 1652 days). The
99% percentile LOS cutoff was chosen to capture those ad-
mitted with OUD-related infections warranting 4 to 6 weeks of
inpatient antibiotics and to exclude chronic hospitalization
(see Fig. 1). The Veterans Affairs PortlandHealth Care System
Institutional Review Board approved this study (no. 4045).

Study Variables

Variable selection and construction were informed by the
existing literature, data availability, and prior qualitative re-
search.19,20 Study variables included patient demographics
(age, gender, race, ethnicity), patient diagnoses present on
admission (co-occurring mental health and SUD diagnoses),
admission characteristics (intensive care unit [ICU] or surgical
services received), and admission-related diagnoses (OUD-
related infection, OUD-related diagnoses). Hospital character-
istics included admission volume, acute OUD diagnosis vol-
ume (the percentage of admissions with an acute OUD diag-
nosis during hospitalization), hospital geographic location,
and hospital size.
Pharmacotherapy variables were coded for three time peri-

ods: (1) 30 days pre-admission; (2) during admission; and (3)
30 days post-admission. Non-OAT pharmacotherapy included
benzodiazepines, non-OATopioids (e.g., oxycodone), naltrex-
one, naloxone, inpatient use of first-line opioid withdrawal
adjuvant (clonidine), and second-line withdrawal adjuvants
(baclofen, gabapentin/pregabalin, tizanidine) (see Appendix
Table 1 for additional details). Admission OAT was catego-
rized by four OAT delivery scenarios (OAT continued, OAT
initiated with linkage to care, OAT for withdrawal, and OAT
sustained) (see Table 1). Categories and calculations involving
post-admission care excluded patients who died during
admission.

Statistical Analysis

RStudio21–27 was used for data management and descriptive
statistics. Multilevel logistic regression modeling used Stata28

with an alpha value of 0.05. The dependent variable (level 1)
was any OAT received (yes/no) during hospitalization, and
covariates were level 1 (patient) and level 2 (hospital) contin-
uous, binary, or categorical variables (see Appendix Table 2
for model covariates). Covariate inclusion was based on liter-
ature review, study aims, and model fit. Comparative model fit
for nested models used the log-likelihood ratio test, the Akaike
information criterion, and the Bayesian information criterion.
Regression coefficients, standard errors, adjusted odds ratios
(AOR) with 95% confidence intervals, and the intraclass cor-
relation coefficient (ICC) were reported. A sensitivity analysis
examined whether a narrower OAT administration definition
during hospitalization changed study findings.

RESULTS

Patient Characteristics

The study cohort included 12,407 unique patients with index
hospitalizations from 109 VHA acute care hospitals in the
continental U.S. Most patients were male (n = 11,543; 93%),
white (n = 8880; 72%) or Black (n = 2706; 22%), and non-
Hispanic or Latino (n = 11,476; 93%) with a median age of
61 years (range 21 to 90). Over half of the patients (n = 8094;
65%) had at least one co-occurring mental health diagnosis
and nearly half had at least one co-occurring SUD diagnosis
(n = 6024; 49%).

Admission-Related Characteristics

The median length of hospital stay was 5 days (range 1 to
50 days). Nearly 20% of the patients (n = 2303) received ICU
services and 6% (n = 779) received surgical services. OUD-
related infection or primary or secondary OUD-related diag-
noses occurred in 20% of admissions (n = 2491) and 1% of the
patients died during admission (n = 119).

Pre- and Post-pharmacotherapy

Approximately one in ten patients received OAT in the 30 days
prior to admission (n = 1325; 11.5%) and in the 30 days post-
hospital discharge (n = 1420; 11.6%). Thirty percent of
patients (n = 3766) had an opioid prescription filled in the
30 days before admission and 35% (n = 4250) filled an opioid
prescription in the 30 days after discharge.

Admission Pharmacotherapy

Themajority of patients did not receive OAT during admission
(n = 10,493; 85%). In the 15% of admissions with OAT (n =
1914), methadone was more common (n = 1049; 55%) than
buprenorphine (n = 639; 33%). A small number of patients
(n = 136; 7.1%) received more than one type of OATand 4.7%
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(n = 90) had non-specific administration. For patients on OAT
prior to admission (n = 1325), 65% (n = 867) had their OAT
continued during admission and 35% (n = 458) had their OAT
discontinued during admission—regardless of receipt post-
admission.
Related towithdrawal management, 9% of patients received

the VHA’s recommended first-line adjuvant for opioid with-
drawal—clonidine—and 39% (n = 1089) received a second-
line adjuvant (baclofen, gabapentin/pregabalin, or tizani-
dine).29 Over half of the patients (55%; n = 6765) received at
least one non-OATopioid (e.g., oxycodone) during admission.

Hospital OAT by Delivery Scenario

When hospital OAT was delivered for patients not on pre-
admission OAT, it was most often provided as withdrawal
management (n = 834; 44%) and infrequently initiated during
hospitalization with linkage to care upon discharge (n = 203;
11%). For patients on pre-admission OAT, it was most often
delivered as a sustained medication (n = 722; 38%)—OAT
received before, during, and after admission—and less often

continued during admission, but with subsequent discontinu-
ation after discharge (n = 140; 8%) (see Table 2 for additional
details on patient and admission-related characteristics and
pharmacotherapy).

System-Wide OAT Delivery

Across the 109 VHA hospitals, the median OAT delivery
frequency during admission was 11% (SD 0.10; range 0 to
43%). The data had a non-normal distribution skewed towards
less OAT delivery (see Fig. 2). The frequency of OAT delivery
scenario in each hospital varied. For example, two hospitals
did not provide any OAT, and nearly half of the hospitals
(48%; n = 52) did not have a single admission in which OAT
was initiated with linkage to care (range 0 to 16 admissions).
Measures of variation (ICC) are reported in Appendix Table 3.

Hospital- and Patient-Level Associations with
OAT Receipt
Patient-Level Covariates. In the fully specified model, 13
covariates were associated with hospital OAT receipt. Six

Figure 1 Study sample selection.
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covariates increased the odds of receiving OAT during
hospitalization: pre-admission OAT receipt (AOR 15.3;
95% CI [13.2, 17.7]); an OUD diagnosis or OUD-related
infection during admission (AOR 2.30; 95% CI [1.99,
2.66]); male gender (AOR 1.52; 95% CI [1.16, 2.01]);
receipt of adjuvant medication for opioid withdrawal dur-
ing admission (AOR 1.52; 95% CI [1.32, 1.75]); an opioid
withdrawal diagnosis (AOR 1.47; 95% CI [1.12, 1.92]);
and an increased length of hospital stay (AOR 1.04; 95%
CI [1.03, 1.05]). Seven covariates were associated with
decreased odds of OAT receipt: the receipt of pre-
admission naltrexone (AOR 0.26; 95% CI [0.12, 0.56]);
an unintentional overdose diagnosis (AOR 0.29; 95% CI
[0.16, 0.52]); the receipt of admission naltrexone (AOR
0.31; 95% CI [0.14, 0.66]); pre-admission non-OAT opioid
receipt (AOR 0.49; 95% CI [0.41, 0.58]); non-OAT opioid
receipt during admission (AOR 0.53; 95% CI [0.46, 0.61]);
surgical service receipt during admission (AOR 0.75; 95%
CI [0.57, 0.99]); and having a co-occurring SUD diagnosis
(AOR 0.77; 95% CI [0.67, 0.88]) (see Appendix Table 4).

Hospital-Level Covariates. Four hospital-level covariates
were associated with hospital OAT receipt. Patients admitted
to large-sized (AOR 2.04; 95% CI [1.39, 3.00]) and medium-
sized (AOR 1.90; 95%CI [1.33, 2.70]) hospitals had increased
odds of OAT receipt compared with small hospitals. Patients
admitted to hospitals located in the northeast (AOR 1.80; 95%
CI [1.30, 2.49]) and west (AOR 1.62; 95% CI [1.19, 2.22])
had increased odds of OAT receipt compared with those in the
south (see Table 3 for the fully specified model output).

Sensitivity Analysis. A pre-specified sensitivity analysis ex-
amined if a narrower OAT definition would change study
findings, specifically, removing non-FDA-approved

formulations of OAT for the treatment of OUD (e.g., injectable
methadone) from the admission OAT variable. In this sensi-
tivity analysis, surgical service received during admission was
no longer statistically significant. No other differences were
observed with statistical significance or the directionality of
the relationships between covariates and the primary outcome
(see Appendix Table 5).

DISCUSSION

This retrospective cohort analysis of 12,407 VHA hospitalized
individuals with a past year or admission-related ICD-10OUD
diagnosis suggests that hospital OAT receipt was rare. This
study is the first to examine hospital OAT delivery across
multiple hospitals. A limited research base has examined
hospital OAT delivery. A 10-year (2004 to 2014) retrospective
chart review of patients with intravenous drug use–associated
infective endocarditis—from a single Massachusetts hospi-
tal—observed that only 11% of OUD admissions had plans
for OAT or naltrexone at discharge.7 Our national study con-
firms and expands upon these findings. Only 15% of patients
in our study received any OAT during admission (n = 1914)
and the vast majority (91%) of patients not on OAT prior to
admission did not receive any OAT during hospitalization
(n = 10,035).
Further, only 203 patients in our cohort were initiated on

OAT and subsequently linked to care—a nationally recom-
mend best-practice.6,30 Instead most patients (80%) were
provided opioid withdrawal management, representing a
missed opportunity to continue OUD treatment beyond
hospitalization. Moreover, hospital admission interrupted
ongoing outpatient OUD treatment. Over a third of patients
had their outpatient OAT discontinued during admission.

Table 1 Hospital OAT Delivery by Scenario
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Table 2 Patient, Admission, and Hospital Characteristics
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Contemporary guidance strongly recommends continuing
outpatient OAT during admission, including for patients
who are undergoing surgical procedures.6,31 It is possible
that evolving practice recommendations were not reflected
in our sample. Anesthesiologists may recommend bupre-
norphine discontinuation prior to surgery. However, only
6% of our cohort received surgery and only 12% of those

patients were on OAT prior to admission; thus, it is unlikely
that this is driving observed findings. Moreover, OAT dis-
continuation during admission may reflect challenges relat-
ed to care transitions.20

Previous research in the VHA describes system-wide
variation in OUD-related pharmacotherapy delivery,

Table 2.(continued)
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Figure 2 Hospital OAT delivery relative frequency histogram.

Table 3 Multilevel Logistic Regression Model: Hospital OAT Delivery

Parameters B SE AOR 95% CI

Intercept − 2.78*** 0.00 0.04 0.03 0.13

Patient-level covariates
Age 0.00 0.08 1.00 1.00 1.01
Gender: male (ref. female) 0.42** 0.18 1.52 1.16 2.01
Race: non-white (ref. white) − 0.05 0.14 0.95 0.82 1.11
Race: unknown (ref. white) − 0.18 0.21 0.84 0.59 1.19
Ethnicity: Hispanic (ref. non-Hispanic) 0.02 0.07 1.02 0.77 1.34
Ethnicity: unknown (ref. non-Hispanic) 0.17 0.07 1.2 0.80 1.81
Acute OUD diagnosis/infection 0.83*** 0.07 2.30 1.99 2.66
Co-occurring substance use disorder diagnosis − 0.26*** 0.30 0.77 0.67 0.88
Co-occurring mental health diagnosis − 0.04 0.14 0.97 0.84 1.11
Unintentional overdose diagnosis during admission − 1.24*** 0.00 0.29 0.16 0.52
Opioid withdrawal diagnosis during admission 0.38** 0.08 1.47 1.12 1.92
Hospital length of stay 0.04*** 0.14 1.04 1.03 1.05
ICU services received during admission − 0.13 0.14 0.88 0.74 1.03
Surgical services received during admission − 0.29* 0.08 0.75 0.57 0.99
Pre-admission OAT received 2.73*** 0.12 15.3 13.1 17.7
Pre-admission non-OAT opioid prescription filled − 0.72*** 0.38 0.49 0.41 0.58
Pre-admission benzodiazepine prescription filled 0.03 0.08 1.03 0.81 1.32
Pre-admission naltrexone received or prescription filled − 1.33*** 0.00 0.26 0.12 0.56
Pre-admission gabapentin/pregabalin prescription filled − 0.12 0.14 0.89 0.77 1.04
Admission source: other (ref. outpatient) − 0.13 0.07 0.88 0.66 1.16
Admission source: direct (ref. outpatient) − 0.01 0.07 0.99 0.85 1.15
During admission non-OAT opioid received − 0.64*** 0.07 0.53 0.46 0.61
During admission adjuvant received 0.42*** 0.39 1.52 1.32 1.75
During admission benzodiazepine received − 0.08 0.08 0.92 0.80 1.06
During admission naltrexone received − 1.17** 0.09 0.31 0.14 0.66

Hospital-level covariates
Acute OUD diagnoses volumea − 0.02** 0.01 0.98 0.97 0.99
Hospital size: medium (ref. small) 0.64*** 0.18 1.90 1.33 2.70
Hospital size: large (ref. small) 0.71*** 0.20 2.04 1.39 3.00
Census region: midwest (ref. south) 0.24 0.16 1.27 0.93 1.72
Census region: northeast (ref. south) 0.59*** 0.17 1.80 1.30 2.49
Census region: west (ref. south) 0.48** 0.16 1.62 1.19 2.22
Admission volume 0.00 0.00 1.00 1.00 1.00

Bold indicates statistical significance; p < 0.05*; p < 0.01**; p < 0.001***
aThis relatively small effect size likely has little practical relevance, thus, was omitted from the manuscript text
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which ranged from 2 to 76% of qualified patients per
facility.15 That analysis, however, did not examine varia-
tion specifically for hospital admissions. Our study aligns
with and builds upon these prior findings. We observed
OAT delivery frequency per hospital ranging from 0 to
43% of qualified admissions.
Prior VHA research suggests that specific patient charac-

teristics are positively associated with OAT receipt including
male gender, age 56 years or older, and those without a co-
occurring mental health diagnosis.32 Gender disparities in
SUD treatment and engagement have been described in
other care delivery settings.33 Our study builds upon these
findings, suggesting that women-identified patients may be
less likely to receive OAT during hospitalization. Associa-
tions from this study also suggest that outpatient OAT pre-
ceding hospitalization influences subsequent hospital OAT
delivery, highlighting the importance of OAT engagement
prior to admission. Further, specific care received during
admission decreased OAT receipt; for example, patients
who received non-OAT opioids or surgical procedures were
less likely to receive OAT during hospitalization. These two
clinical scenarios should not influence hospital OAT admin-
istration. Finally, immutable hospital characteristics (e.g.,
size and location) influenced OAT delivery and may reflect
unmeasurable internal hospital attributes (e.g., resources or
culture).20 These findings could also reflect the contribution
of elements outside the hospital, for example, local beliefs
about addiction and availability of community-based treat-
ment resources.20

Study Limitations

This is an observational, unmatched, retrospective cohort
study; thus, causal relationships cannot be established. There
are limitations to the generalizability of study findings because
of the cohort (Veterans, older, white, mostly men) and the
health system setting (VHA); however, given that the VHA
is an integrated health system that has prioritized OAT deliv-
ery, it is possible that VHA OAT delivery outperforms non-
VHA hospitals. We elected to include patients with an OUD
diagnosis in the prior year, not just patients with an admission
diagnosis; thus, for 80% of patients, OUDwas not the primary
reason for hospitalization. The pragmatic study sample selec-
tion may be seen as a limitation, but we believe it reflects the
realities of acute care delivery for patients hospitalized with
complications related to OUD and other chronic illnesses.
Patients in our cohort may have been misclassified with an
OUD diagnosis and thus were not valid OAT candidates. The
challenges of using diagnosis-based denominators for cross-
facility comparisons are discussed elsewhere.34 Conversely,
OUD is also underdiagnosed and eligible patients may have
been inadvertently excluded. Further, our study only includes
VHA pharmacotherapy data; thus, it is possible that patients
received OAT after discharge at a non-VHA facility. Nonethe-
less, this is unlikely to significantly influence our results

because there were only six cases with post-admission non-
VHA OAT receipt in the original data extraction. Another
study limitation was our inability to discern why OAT was
not delivered (e.g., patients may have declined OAT). Finally,
the study data are from 2017, a specific moment in time that
does not capture potential changes in practice over time.

Implications for Practice, Research, and Policy

The findings from this study may motivate practice improve-
ment, future research, and inform policy to increase hospital-
based OAT delivery in the midst of the opioid-related over-
dose crisis.

Practice Improvement

National authorities recommend OAT continuation or initia-
tion in the hospital6 and a National Academies of Science,
Engineering, & Medicine consensus report concluded that:
“Withholding or failing to have available all classes of FDA-
approved medication for the treatment of opioid use disorder
in any care or criminal justice setting is denying appropriate
medical treatment”(p. 3).30 Further, hospitalization is a reach-
able moment for treatment initiation and engagement.35,36

Unfortunately, our study suggests that hospital OAT delivery
frequency may be far from optimal. The current practice is not
only a missed opportunity for treatment engagement, but may
also cause harm by disrupting life-saving care.
A recent systematic review suggests that the provision of

addiction-related services for hospitalized patients with OUD
improves patient, provider, and health care outcomes.37 Inter-
ventions to improve OAT delivery may include an organiza-
tional intervention—the addiction consult service (ACS),
which provides clinical, educational, and policy-based addic-
tion services and programming in the hospital.38 ACSs, how-
ever, are unlikely to be available or feasible across all hospi-
tals. Further, it is likely that many hospital providers have
limited addiction training39 and are less confident in providing
OAT and delivering other OUD-related services. To address
this issue, the VHA and other national hospital decisionmakers
could publish specific guidance promoting evidence-based
addictions hospital care40 or create educational campaigns
encouraging hospital-based OAT delivery. These initiatives
would likely need to address provider knowledge gaps and
addiction-related stigma,20,41 describe pathways to OAT after
discharge, and identify policies impeding care inside and
outside the hospital setting.20

Future Research

Research should explore barriers to OAT initiation during
hospitalization at the VHA and reasons for practice variation
at patient, hospital, and system levels. Given the VHA’s pri-
oritization of OUD treatment, it is possible that the VHA may
be outperforming non-VHA hospitals. Future research may
confirm this impression. Policymakers and researchers need to
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consider data access issues. One of the primary challenges to
studying hospital OAT delivery is the widespread use of
diagnosis-related groupings (DRG) in hospital billing. DRG
billing allows hospitals to bill payers through a bundled pay-
ment algorithm to account for illness acuity.42 Study replica-
tion using Medicaid claims data, for example, is not feasible
because most admission-related medications are not captured
in the bundled claims data.

Policy Interventions

The VHA has already mandated national standards to enhance
services for patients with OUD. Additional policy interven-
tions outside the VHAmay bewarranted. Policies requiring all
hospitals to offer OAT could be leveraged through hospital-
related accrediting bodies (e.g., the Joint Commission). At
present, there are no accreditation requirements related to
hospital care for persons with OUD and SUDs. It is within
the authority of the Joint Commission to require reporting and
performance measurement for OATand to mandate addiction-
related technologies for hospital accreditation (e.g., presence
of addiction physicians or ACS). Another approach is local
legislation. In August 2018, the Massachusetts legislature
passed House Bill 4866, Prevention and Access to Appropri-
ate Care and Treatment of Addiction,43which requires Massa-
chusetts’ emergency departments to offer OAT for patients
with an opioid overdose and to link them to outpatient serv-
ices.43 Similar policies could be created for inpatient service
delivery. Finally, there is interest in reforming restrictive fed-
eral OAT policies, specifically, to abolish buprenorphine X-
waiver requirements.44

CONCLUSIONS

In a retrospective, unmatched pragmatic VHA patient cohort,
hospital OAT delivery varied widely, was infrequently deliv-
ered, and was most commonly administered as a continued
outpatient medication or for withdrawal management. This
study is the first multisite description of hospital OAT delivery
and reveals characteristics that require further exploration to
understand how to increase OAT access to patients hospital-
ized with OUD.
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