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ABSTRACT

BACKGROUND: Patients who present to the hospital for infectious complications of intravenous opioid use

are at high risk for against-medical-advice discharge and readmissions. The role of medication-assisted

treatment for inpatients is not clear. We aimed to assess outcomes prior to and after rollout of an inpatient

buprenorphine-based opioid use disorder protocol, as well as to assess outcomes in general for medica-

tion-assisted therapy.

METHODS: This was a retrospective observational cohort study at our community hospital in New Hamp-

shire. The medical record was searched for inpatients with a complication of intravenous opioid use. We

searched for admissions 11 months prior to and after the November 2018 buprenorphine protocol rollout.

RESULTS: Rates of medication-assisted therapy usage and buprenorphine linkage increased significantly

after protocol rollout. Rates of against-medical-advice discharge did not decrease after protocol rollout,

nor did readmissions. However, when evaluating the entire group of patients regardless of date of presenta-

tion or protocol use, against-medical-advice discharge rates were substantially lower for patients receiving

medication-assisted therapy compared with those receiving supportive care only (30.0% vs 59.6%). Read-

missions rates were lower for patients who were discharged with any form of ongoing medication-assisted

therapy compared with those who were not (30-day all-cause readmissions 18.8% vs 35.1%; 30-day opi-

oid-related readmissions 10.1% vs 29.9%; 90-day all-cause readmissions 27.3% vs 42.7%; 90-day opioid-

related readmissions 15.1% vs 33.3%).

CONCLUSIONS: There is a strong association between medication-assisted therapy and reduced against-

medical-advice discharge rates. Additionally, maintenance medication-assisted therapy at time of dis-

charge is strongly associated with reduced readmissions rates.
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INTRODUCTION
Patients who inject intravenous drugs such as heroin or fen-

tanyl are at risk for numerous complications, including

skin/soft tissue infections, endocarditis, bacteremia, osteo-

myelitis, discitis of the spine, hepatitis C, and human immu-

nodeficiency virus (HIV). Symptoms of opioid withdrawal

include diaphoresis, diarrhea, severe anxiety, and tremors.

However, opioid withdrawal is generally not life threaten-

ing, and therefore, aggressive management of opioid with-

drawal within the hospital has not been a high priority. This
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is in stark contrast to alcohol withdrawal, which is aggres-

sively treated to prevent seizures and potential death.

Medication-assisted treatment involves the use of the

opioid agonists buprenorphine and methadone to manage

opioid use disorder. Buprenorphine is a high-affinity, long-

lasting, partial mu-opioid agonist. Methadone also has high

receptor affinity and is long-lasting, but is a full agonist.
CLINICAL SIGNIFICANCE

� Effective use of an inpatient medica-
tion-assisted therapy protocol increases
medication-assisted therapy use.

� Effective use of an inpatient medica-
tion-assisted therapy protocol increases
linkage to outpatient medication-
assisted therapy clinics.

� Inpatient medication-assisted therapy
use is associated with reduced rates of
against-medical-advice discharge.

� Discharge with some form of medica-
tion-assisted therapy is associated
with reduced readmissions.
When used appropriately, medica-

tion-assisted therapy helps patients

feel “normal” without becoming

intoxicated. Medication-assisted

therapy has been shown to substan-

tially reduce mortality, most likely

by preventing overdose deaths.1

Buprenorphine is generally the pre-

ferred agent over methadone due to

lower overdose risk, less intoxica-

tion risk, and office-based dosing.

In a recent study, buprenorphine

was shown to reduce the risk of

death compared with methadone.2

For the inpatient providers at our

tertiary hospital in New Hampshire,

the burden of the opioid crisis has

grown tremendously in recent
years. In 2017, New Hampshire had the fourth highest opi-

oid overdose death rate in the nation.3 Prior to Fall of 2018,

patients who were admitted to our hospital with direct com-

plications of intravenous opioid abuse were typically

treated with supportive medications when they started to

withdraw from opioids, which can ease symptoms to a mild

degree. Frequently, these patients would sign out against

medical advice at onset of opioid withdrawal. They would

often re-present a few days later, and the cycle would repeat

itself.

In the inpatient population, buprenorphine has tradition-

ally played only a limited role. At our hospital, prior to Fall

2018, there were approximately 3 physicians (2 hospitalists

and 1 addiction medicine specialist) who occasionally pre-

scribed buprenorphine to inpatients, but inpatient medica-

tion-assisted therapy usage and, in particular, new

inductions with linkage to outpatient clinics, was intermit-

tent at best. However, due to concerns over poor outcomes,

it gradually became clear that more could be done. In Fall

2018, our hospital rolled out a new protocol to treat inpa-

tients with buprenorphine. Patients experiencing opioid

withdrawal could be started on buprenorphine at escalating

doses based on the Clinical Opioid Withdrawal Scale. After

starting buprenorphine, the provider could decide whether

to continue this treatment with intention to connect to an

outpatient buprenorphine clinic with both a new prescrip-

tion and a clinic appointment (termed “linkage”), or to sim-

ply continue as-needed dosing until withdrawal subsided.

Limited formal evidence exists for this approach, but

inpatient initiation of buprenorphine may provide signifi-

cant benefits. There is evidence that inpatient initiation of

buprenorphine substantially increases rates of outpatient
medication-assisted therapy clinic follow-up (72% bupre-

norphine vs 12% placebo), as well as approximately 40%

reduction in patient-reported illicit opioid use at 6 months.4

There have been broad recommendations for hospitalists to

consider medication-assisted therapy for inpatients.5 In a

2004 study, Chan et al6 demonstrated an association

between inpatient methadone usage and reduced against-
medical-advice discharges for intra-

venous drug users with HIV. This

study was done prior to the current

opioid crisis and prior to the wide-

spread adoption of buprenorphine.

There remains a lack of evidence

about whether inpatient medication-

assisted therapy, particularly bupre-

norphine, affects outcomes such as

rates of against-medical-advice dis-

charge and readmissions.

The goal of this study is to 1)

assess the effectiveness of our hos-

pital’s inpatient buprenorphine pro-

tocol for patients presenting with

direct complications of intravenous

opioid use disorder, and 2) assess

the broader effectiveness of inpa-
tient medication-assisted therapy, regardless of date of pre-

sentation or protocol use.
METHODS

Inpatient Buprenorphine Protocol
Concord Hospital is a 295-bed suburban community hospi-

tal in New Hampshire. Prior to the implementation of the

buprenorphine inpatient protocol on November 27, 2018,

Concord Hospital utilized a supportive care protocol for

opioid withdrawal. This protocol included as-needed cloni-

dine, loperamide, ondansetron, and medications for with-

drawal symptoms.

Due to growing concern over high against-medical-advice

discharge rates and other poor outcomes, a multidisciplinary

work group started to develop a new protocol utilizing Clini-

cal Opioid Withdrawal Scale-triggered buprenorphine and

robust addiction specialist support. The group consisted of

stakeholders from the inpatient hospitalist provider group,

behavioral health providers, addiction medicine providers,

behavioral health nurses, inpatient medical/surgical nurses,

pharmacists, and clinical informaticists.

Inclusion criteria for the protocol was broad, and essen-

tially consisted of any patient deemed a candidate for

buprenorphine therapy based on usual outpatient guidelines

who was not already on outpatient maintenance methadone

or buprenorphine. The default order is buprenorphine-nalox-

one 2/0.5 mg every 2 hours as needed for a Clinical Opioid

Withdrawal Scale score of ≥12, up to 8 mg of buprenorphine

in the first 24 hours. Supportive care medications are still

included in the protocol, but importantly, buprenorphine-
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naloxone would be selected by default, while the provider

needs to “opt-in” to any other supportive medications. By

this time the hospital no longer had a fellowship-trained

addiction management specialist on staff, so an addiction

medicine consultation group was recruited to the hospital.

The addiction medicine group assisted with determining sub-

sequent care, including dose adjustments and linkage to out-

patient clinics. Linkage was generally done by giving the

patient a short-term prescription and a follow-up appointment

in-hand at the time of discharge.

The protocol was integrated into an order set, and a new

opioid withdrawal flowsheet was added to the electronic

medical record. A substantial educational effort was under-

taken to train staff about medication-assisted therapy and

how to use the protocol effectively. The protocol was

implemented on November 27, 2018.
Study Design
This is a single-center retrospective observational cohort

study. The period in question is the 11 months prior to and
Figure 1 Sample selection. “Protocol rollout” refers

inpatient buprenorphine-based opioid addiction protoc

of nonqualifying diagnoses included cases of sepsis not

ulcers or community-acquired pneumonia, as well as an

study period. A few patients were not documented op

instead. These were also treated as nonqualifying diag

buprenorphine therapy. Patients were included in the st

tion of intravenous opioid use. See Methods for details.
after the November 27, 2018 rollout of our inpatient bupre-

norphine-based opioid withdrawal protocol. The medical

record database was searched for inpatients who had diag-

nosis of either intravenous drug use or opioid use disorder,

and a direct complication of intravenous opioid use such as

endocarditis, osteomyelitis, discitis, bacteremia, injection

site cellulitis/abscess, epidural abscess, or septic arthritis.

Acute hepatitis and acute HIV were also included in the

search criteria, but only a single case of acute hepatitis C

was identified, and no cases of acute HIV were identified.

Patients were excluded if they presented with a primary

diagnosis not directly related to intravenous opioid use.

Additionally, the substance use must have included opioids;

some patients had documented use of only methamphet-

amines or cocaine, and were therefore excluded. Because

patients in law enforcement custody cannot sign out against

medical advice, they were also excluded. Finally, if a

patient was so acutely ill that they would have never been a

candidate for buprenorphine, such as immediately being

intubated, they were excluded. Figure 1 illustrates the selec-

tion of patients.
to the beginning of clinical use of our hospital’s

ol, which started November 27, 2018. Examples

directly due to opioid abuse such as diabetic foot

outbreak of hepatitis A that occurred during this

ioid users and were injecting methamphetamines

noses, because they would not be candidates for

udy only if they presented with a direct complica-



Table Baseline Data for Both Major Cohorts Examined, As Well As for the Entire Group*

Prior to Protocol
Rollout

After Protocol
Rollout

Patients Without
Medication-Assisted
Therapy

Patients with
Medication-Assisted
Therapy

All

n 71 76 57 90 147
Age (years) 35.7 36.1 35.3 36.4 35.9
Male (%) 53.5 50 54.4 50 51.7
Female (%) 46.5 50 45.6 50 48.3
Osteomyelitis/discitis 12 15 7 20 27
Endocarditis 15 17 12 20 32
Bacteremia 12 13 5 20 25
Cellulitis/myositis 22 18 21 19 40
Abscess (incl. epidural) 29 26 26 29 55
Septic arthritis, bursitis,
or tenosynovitis

6 7 4 9 13

Acute hepatitis 0 1 1 0 1

*See Methods and Figure 1 for details about protocol rollout. “Patients with medication-assisted therapy” refers to any patient who was treated with

some form of medication-assisted therapy during their hospitalization, such as buprenorphine or methadone used as either maintenance or detoxifica-

tion (withdrawal symptom management). “Patients without medication-assisted therapy” refers to patients who received supportive care only, including

drugs like clonidine, loperamide, as well as patients who received opioid medications for pain but not specifically addiction. We did not specifically look

for myositis in our chart search, but did identify 3 patients with this diagnosis. These were identified relatively late into the analysis and the numbers

were not felt to be high enough to warrant a repeat database search. They were added to the cellulitis category.
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The primary comparison of interest was the cohort

prior to protocol rollout (n = 71) compared with the

cohort afterward (n = 76). As a secondary comparison of

interest, we identified the patients that received inpatient

medication-assisted therapy of any kind regardless of

date of presentation or protocol use (n = 90) and com-

pared this cohort with those who received supportive

care only (n = 57). See Table 1 for details about each

cohort, and the relevant diagnoses. The supportive care

cohort included patients who received nonopioid support-

ive medications, patients who received opioids for pain,

and patients who received no specific therapy for their

opioid use disorder.

Medication-assisted therapy was categorized by

strategy:

� Linkage − New induction of medication-assisted

therapy with bridging prescription and outpatient

appointment.
� Detoxification − Use of these medications without outpa-

tient linkage. This can be intentional, but also includes

premature discontinuation due to signing out against

medical advice.
� Continuation of prior prescription.

Primary outcomes were against-medical-advice dis-

charge rate and readmissions rate, including 30- and 90-

day all-cause and opioid-related readmissions. Second-

ary outcomes were mortality, rate of buprenorphine

linkage, rate of medication-assisted therapy use, and

length of stay for patients with endocarditis or osteomy-

elitis (diagnoses with prolonged hospitalizations,

hypothesized to increase with improved withdrawal

management). Mortality data were obtained from the
New Hampshire Department of Vital Records and the

medical record.

The chi-squared and 2-sided t tests were used to compare

data. Threshold of statistical significance was P = .05. The

statistical software used was Microsoft Excel (Microsoft

Corporation, Redmond, Wash).
RESULTS

Rate of Against-Medical-Advice Discharge
The rate of against-medical-advice discharges was 42.2%

(n = 71) prior to protocol rollout and 40.8% (n = 76) after

protocol (P = .85).

In addition to protocol-related effects, we additionally

wanted to assess the effects of medication-assisted therapy

in general, with combined pre- and post-protocol groups.

For patients treated with supportive care only, regardless of

protocol or date of presentation, 59.7% signed out against

medical advice (n = 57). Patients who received any form of

inpatient medication-assisted therapy signed out at a rate of

30.0% (n = 90; relative risk [RR] 0.50; 95% confidence

interval [CI], 0.34-0.74). These results are shown in

Figure 2.

The above results appear somewhat contradictory at first

glance because the overall rate of medication-assisted ther-

apy use increased by a modest degree from pre- to post-pro-

tocol. The exact numbers are discussed further in this

section. Although there is a strong association between

medication-assisted therapy use and against-medical-advice

discharge, the effect of protocol rollout on against-medical-

advice discharge was much more modest and did not reach

statistical significance.



Figure 2 Against-medical-advice discharge rates for various

cohorts examined. The main comparisons were between the

cohorts prior to and after buprenorphine protocol rollout

(whether protocol was used or not), and with or without any

form of inpatient medication-assisted therapy regardless of

protocol period. We additionally examined the subgroup of

patients who were actually treated with the protocol and com-

pared them with the patients who did not receive the buprenor-

phine protocol, including patients who were admitted prior to

protocol rollout. There was a slight but not statistically signifi-

cant decrease in against-medical-advice discharge rates

between the prior to and after protocol rollout cohorts and

between with and without protocol use. There was a statisti-

cally significant decrease in against-medical-advice discharge

rate in patients treated with any kind of inpatient medication-

assisted therapy compared with those who were not.

Figure 3 Readmission rate prior to and after protocol rollout.

These were subdivided into 30-day all-cause, 30-day opioid-

related (such as recurrent endocarditis), 90-day all-cause, and

90-day opioid-related readmissions. There was a slight

decrease in readmissions rates across the board after protocol

rollout, but none of the decreases met the threshold for statisti-

cal significance.
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More than 90% of patients with the buprenorphine

detoxification strategy signed out against medical advice.

Chart review suggests that detoxification was generally not

used as a clinical strategy, but instead was a result of the

patient signing out against medical advice. Our providers

generally pursued a linkage strategy whenever possible.
Rate of Readmissions
The rate of 30-day all-cause readmissions was 29.6%

prior to protocol rollout and 25.3% afterward (RR 0.86;

95% CI, 0.51-1.45; P = .56). The rate of 30-day opioid-

related readmissions was 22.5% prior to protocol rollout

and 18.7% afterward (RR 0.83; 95% CI, 0.437-1.57,

P = .56). The rate of 90-day all-cause readmissions was

38.0% prior to protocol rollout and 32.9% afterward

(RR 0.86; 95% CI, 0.55-1.35; P = .52). The rate of 90-

day opioid-related readmissions was 26.7% prior to pro-

tocol rollout and 22.9% afterward (RR 0.95; 95% CI,

0.48-1.52; P = .59). There was a trend toward reduced
readmissions but it was not statistically significant

(Figure 3).

There was also no statistical difference in readmission

rates between patients who received inpatient medication-

assisted therapy compared with those who received sup-

portive care only. In some cases, the readmissions rates

were slightly higher (Figure 4). This was entirely driven by

very high readmissions rates among patients in the bupre-

norphine detoxification group, with 30-day all-cause, 30-

day opioid-related, 90-day all-cause, and 90-day opioid-

related readmissions of 58.8%, 52.9%, 75.0%, and 68.8%,

respectively. Patients who signed out against medical

advice despite buprenorphine use were at very high risk of

readmission.

We further wondered whether patients who were dis-

charged with some form of maintenance therapy had lower

readmissions rates. This includes any patient whose therapy

was continued from home and any patient with linkage strat-

egy. The results here were striking (Figure 5). The 30-day

all-cause readmission rate was 18.8% for patients with medi-

cation-assisted therapy upon discharge, compared with

35.1% for those without (RR 0.54; 95% CI, 0.32-0.96;

P = .03). The respective 30-day opioid-related readmission

rate was 10.1% vs 29.9% (RR 0.34; 95% CI, 0.16-0.74;

P = .003). The 90-day all-cause readmission rate was 27.3%

for patients with medication-assisted therapy upon discharge,

compared with 42.7% for those without (RR 0.64; 95% CI,

0.40-1.03; P = .06; suspected to be a type II error). The

respective 90-day opioid-related readmission rate was 15.2%

vs 33.3% (RR 0.46; 95% CI, 0.24-0.88; P = .01).



Figure 4 Readmission rate with and without inpatient medi-

cation-assisted therapy (see Methods or the Table for detailed

description of these cohorts). There were some modest

decreases in 30-day all-cause, 90-day all-cause, and 90-day

opioid-related readmissions; however, none of these met the

threshold for statistical significance.

Figure 5 Readmission rates for patients discharged without

medication-assisted therapy, compared with patients who were

discharged with medication-assisted therapy (meaning either

their preadmission buprenorphine or methadone was contin-

ued, or they were discharged with linkage strategy). There

were marked, statistically significant decreases in readmission

rates across the board for patients who were discharged with

some form of ongoing medication-assisted therapy, except for

90-day all-cause readmissions, which did not quite meet the

threshold of statistical significance (P = .056).
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Mortality
In the pre-protocol cohort, 2 of 71 patients died within 3

months. In the post-protocol cohort, 3 of 76 patients died

within 3 months. The overall 3-month mortality rate was

3.4%. These numbers were too small to compare.
Rate of Buprenorphine Linkage
In the pre-protocol cohort, 10 of 71 patients (14.1%) were

induced and linked to outpatient clinics with a new bupre-

norphine prescription. Prior to initiation of the hospital-

wide protocol, 3 physicians were undertaking this on an

individualized, nonsystematic basis. In the post-protocol

cohort, 24 of 76 patients received this “linkage” strategy,

representing a statistically significant 2.24-times increase in

buprenorphine linkage (95% CI, 1.16-4.35; P = .01; see

Figure 6).
Figure 6 Rate of new buprenorphine linkage. These are

patients who were not on buprenorphine at time of admission,

were induced during their admission, and were discharged

with a new buprenorphine prescription with outpatient bupre-

norphine clinic follow-up appointment. There was a statisti-

cally significant increase in the rate of buprenorphine linkage

prior to and after protocol rollout.
Rate of Medication-Assisted Therapy Use
In the pre-protocol cohort, 46.5% of patients were on some

form of medication-assisted therapy, compared with 75.0%

in the post-protocol cohort (Figure 7). This represents a sta-

tistically significant 1.61-times increase (95% CI, 1.22-

2.14; P < .001). This also explains why there was not a

marked decrease in against-medical-advice discharge rates

after protocol rollout, despite the strong association we

found between medication-assisted therapy usage and

against-medical-advice discharge rate.



Figure 7 Rate of medication-assisted therapy usage prior to

and after protocol rollout. There was a statistically significant

increase in the rate of inpatient medication-assisted therapy

usage after protocol rollout compared with before.
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Length of Stay for Patients with Endocarditis
or Osteomyelitis
In the pre-protocol cohort, the average and median length of

stay for patients with endocarditis or osteomyelitis were

15.7 and 10 days, respectively. In the post-protocol cohort,

the average and median were 19.5 and 14 days, respec-

tively. Two-sided t test yields a P-value of .34, so there was

a possible trend toward increased length of stay but it did

not meet the threshold of statistical significance. Patients

with endocarditis or osteomyelitis who received any form

of medication-assisted therapy (regardless of protocol use

or date of presentation) stayed for an average of 19.4 days

and a median of 14 days, compared with 15.2 and 7.5 days

for those who received supportive care only (P = .33).

DISCUSSION
Hospitalization represents an important moment when

health care providers can intervene to prevent death or

further complications of opioid use disorder. Although

medication-assisted therapy including buprenorphine and

methadone are becoming the standard of care to treat

opioid use disorder for outpatients, there has been a lack

of data about how to best use these medications in the

hospital.

This study shows a strong association between inpatient

use of medication-assisted therapy and reduction in against-

medical-advice discharges. It additionally shows a strong

association between discharge with medication-assisted

therapy and reduction of readmissions. However, it did not

show that rollout of the buprenorphine protocol changed
these outcomes significantly. This is most likely due to low

overall numbers and a fairly high rate of inpatient medica-

tion-assisted therapy usage prior to protocol rollout. Rollout

of the protocol increased the rates of medication-assisted

therapy use and buprenorphine linkage. It is likely that there

simply have not been enough patients after protocol rollout

to see a shift in the rate of against-medical-advice dis-

charges or readmissions. In a 2010 study, Southern et al7

showed an association between against-medical-advice dis-

charges and both increased mortality and readmissions. As

more providers use our buprenorphine protocol, we expect

to see a gradual reduction in these bad outcomes.

Not every inpatient will be a great candidate for medica-

tion-assisted therapy, and there is likely a significant self-

selection bias toward improved outcomes for patients who

successfully utilize buprenorphine or methadone. However,

we feel that this study makes a strong case for creating a

systematic hospital-based approach to offer medication-

assisted therapy, particularly buprenorphine, to the maxi-

mum number of eligible patients. In fact, based on the data

presented here, we feel that offering medication-assisted

therapy to all inpatients admitted with complications of opi-

oid use disorder should be the standard of care, as long as

the patient meets indications for the drug. Offering only

supportive, symptomatic care without an opioid agonist is

likely to be vastly inferior.

The opioid crisis continues to touch every American and

every health care provider. After becoming tired of witness-

ing poor outcomes for these patients, providers at our hospi-

tal developed this inpatient buprenorphine protocol. Our

study shows that great improvements can be made in the

care of these complex patients. We will continue to refine

and study our interventions to further improve outcomes for

patients with opioid use disorder.
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