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Abstract

IMPORTANCE Emerging evidence supports the use of outpatient parenteral antimicrobial therapy
(OPAT) and, in many cases, partial oral antibiotic therapy for the treatment of injection drug
use–associated infective endocarditis (IDU-IE); however, long-term outcomes and cost-effectiveness
remain unknown.

OBJECTIVE To compare the added value of inpatient addiction care services and the cost-
effectiveness and clinical outcomes of alternative antibiotic treatment strategies for patients
with IDU-IE.

DESIGN, SETTING, AND PARTICIPANTS This decision analytical modeling study used a validated
microsimulation model to compare antibiotic treatment strategies for patients with IDU-IE. Model
inputs were derived from clinical trials and observational cohort studies. The model included all
patients with injection opioid drug use (N = 5 million) in the US who were eligible to receive OPAT
either in the home or at a postacute care facility. Costs were annually discounted at 3%. Cost-
effectiveness was evaluated from a health care sector perspective over a lifetime starting in 2020.
Probabilistic sensitivity, scenario, and threshold analyses were performed to address uncertainty.

INTERVENTIONS The model simulated 4 treatment strategies: (1) 4 to 6 weeks of inpatient
intravenous (IV) antibiotic therapy along with opioid detoxification (usual care strategy), (2) 4 to 6
weeks of inpatient IV antibiotic therapy along with inpatient addiction care services that offered
medication for opioid use disorder (usual care/addiction care strategy), (3) 3 weeks of inpatient IV
antibiotic therapy along with addiction care services followed by OPAT (OPAT strategy), and (4) 3
weeks of inpatient IV antibiotic therapy along with addiction care services followed by partial oral
antibiotic therapy (partial oral antibiotic strategy).

MAIN OUTCOMES AND MEASURES Mean percentage of patients completing treatment for IDU-IE,
deaths associated with IDU-IE, life expectancy (measured in life-years [LYs]), mean cost per person,
and incremental cost-effectiveness ratios (ICERs).

RESULTS All modeled scenarios were initialized with 5 million individuals (mean age, 42 years;
range, 18-64 years; 70% male) who had a history of injection opioid drug use. The usual care strategy
resulted in 18.63 LYs at a cost of $416 570 per person, with 77.6% of hospitalized patients completing
treatment. Life expectancy was extended by each alternative strategy. The partial oral antibiotic
strategy yielded the highest treatment completion rate (80.3%) compared with the OPAT strategy
(78.8%) and the usual care/addiction care strategy (77.6%). The OPAT strategy was the least
expensive at $412 150 per person. Compared with the OPAT strategy, the partial oral antibiotic
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Abstract (continued)

strategy had an ICER of $163 370 per LY. Increasing IDU-IE treatment uptake and decreasing
treatment discontinuation made the partial oral antibiotic strategy more cost-effective compared
with the OPAT strategy. When assuming that all patients with IDU-IE were eligible to receive partial
oral antibiotic therapy, the strategy was cost-saving and resulted in 0.0247 additional discounted
LYs. When treatment discontinuation was decreased from 3.30% to 2.65% per week, the partial oral
antibiotic strategy was cost-effective compared with OPAT at the $100 000 per LY threshold.

CONCLUSIONS AND RELEVANCE In this decision analytical modeling study, incorporation of OPAT
or partial oral antibiotic approaches along with addiction care services for the treatment of patients
with IDU-IE was associated with increases in the number of people completing treatment, decreases
in mortality, and savings in cost compared with the usual care strategy of providing inpatient IV
antibiotic therapy alone.

JAMA Network Open. 2022;5(2):e220541. doi:10.1001/jamanetworkopen.2022.0541

Introduction

Hospitalizations associated with infective endocarditis in the US increased from 16 per 100 000
adults in 2003 to 22 per 100 000 adults in 2016.1 Injection drug use–associated infective
endocarditis (IDU-IE) currently accounts for 1 in 10 hospitalizations for infective endocarditis.2 This
increase has largely been associated with the opioid epidemic, specifically the injection of heroin and
fentanyl. If current patterns continue, more than 250 000 individuals in the US may die of IDU-IE
between 2020 and 2030.3 There is a substantial need to define optimal treatment strategies given
the increasing burden of IDU-IE in the US.

Standard treatment for IDU-IE comprises 4 to 6 weeks of intravenous (IV) antibiotic therapy.4

Emerging evidence exists for the use of oral antibiotic therapy for the treatment of many types of
infective endocarditis and the use of outpatient parenteral antimicrobial therapy (OPAT) for at least
part of the treatment course.5-9 However, patients with IDU-IE are often required to remain
hospitalized until treatment completion.10 Almost 20% of patients admitted with IDU-IE have a
patient-directed discharge (ie, leave the hospital against medical advice).11,12 Alternative antibiotic
treatment strategies that shorten hospitalization and allow patients to complete treatment
elsewhere could increase the likelihood of treatment completion and decrease costs.

Current US treatment guidelines state that partial oral antibiotic therapy may be a reasonable
option for patients with IDU-IE associated with uncomplicated right-sided Staphylococcus aureus
infection but recommend that this approach only be used when parenteral antibiotic therapy is
problematic.13,14 However, a retrospective cohort study5 found that people with IDU-IE who received
a complete course of IV antibiotic therapy had similar readmission rates to those who could not
complete inpatient IV antibiotic therapy and were provided partial oral antibiotic therapy at the time
of patient-directed discharge.

Another strategy, OPAT, is widely used to treat infections that require prolonged antibiotic
therapy, and this treatment strategy has a proven safety record.15 However, clinicians’ concerns
regarding the misuse of a peripherally inserted central catheter to inject drugs in addition to
treatment nonadherence, unstable living situations, and stigma associated with substance use have
typically excluded people who inject drugs from receiving OPAT.16,17 Despite these concerns, a 2018
systematic review8 found that OPAT may be safe and beneficial for treating IDU-IE. To our
knowledge, no study to date has compared the long-term impact and cost-effectiveness of OPAT
with IV and partial oral antibiotic treatment strategies.

Recent research18 has highlighted the role of addiction care services in improving outcomes
among individuals hospitalized with IDU-IE. Addiction care services, which can include addiction
counseling, opioid withdrawal management, long-term medication titration, and referral and linkage
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to outpatient addiction care, have been reported to increase the likelihood of receiving medication
for opioid use disorder (MOUD) during and after treatment for IDU-IE and have been associated with
reductions in mortality risk19 and decreases in the probability of reinfection.20,21 Despite these
benefits, an analysis from 1 hospital found that fewer than 8% of patients admitted with IDU-IE were
discharged with any plans to start MOUD,22 reflective of a gap in treatment which has since been
confirmed in broader studies.19,20

We evaluated the likely long-term clinical outcomes and cost-effectiveness of different
strategies for the treatment of IDU-IE. Given the emerging evidence and unanswered questions, we
aimed to (1) compare the potential value of alternative antibiotic treatment strategies and (2)
estimate the impact of addiction care services among patients with IDU-IE.

Methods

The study was approved by the Boston University Medical Campus Institutional Review Board, which
reviewed the Reducing Infection Related to Drug Use Cost-Effectiveness (REDUCE) model used in
the study and provided a waiver of informed consent because the study did not involve human
participants. This study followed the Consolidated Health Economic Evaluation Reporting Standards
(CHEERS) reporting guideline for economic evaluations of health interventions (eMethods 1 in the
Supplement).23

Analytic Overview
We used the REDUCE model, a validated Monte Carlo microsimulation model that simulated the
natural history of injection opioid use, to compare the following treatment strategies for IDU-IE: (1) 4
to 6 weeks of inpatient IV antibiotic therapy along with opioid detoxification (usual care strategy),
(2) 4 to 6 weeks of inpatient IV antibiotic therapy along with inpatient addiction care services that
offered MOUD (usual care/addiction care strategy), (3) 3 weeks of inpatient IV antibiotic therapy
along with addiction care services followed by OPAT (OPAT strategy), and 4) 3 weeks of IV antibiotic
therapy along with addiction care services followed by partial oral antibiotic therapy (partial oral
antibiotic strategy).

In 3 of the strategies (usual care/addiction care, OPAT, and partial oral antibiotic therapy),
patients with IDU-IE could receive addiction care services while hospitalized. These strategies were
based on the assumption that when addiction care services were implemented, hospitalized
individuals would have an increased probability of receiving MOUD in addition to addiction
counseling, opioid withdrawal management, long-term medication titration, and referral and linkage
to outpatient addiction care at the end of hospitalization.

In the OPAT strategy, all hospitalized patients with IDU-IE transitioned to either home-based or
outpatient OPAT after 3 weeks of hospitalization and the offer of addiction care services. We
assumed that 50% of patients would have home infusion therapy and 50% would receive OPAT at a
postacute care facility. This assumption was informed by unpublished data from Boston Medical
Center (A. Hill, BA, email communication, June 3, 2021) suggesting that one-half of patients with
IDU-IE were homeless and therefore could not be discharged home. For the partial oral antibiotic
strategy, we assumed that only patients admitted with non–methicillin-resistant S aureus
(non-MRSA) IDU-IE would be eligible to receive oral antibiotic therapy after 3 weeks of
hospitalization; however, all patients would be eligible to receive addiction care services. The
probability of treatment completion and costs differed for each strategy. Details of these parameters
and parameter sources are available in eMethods 1 in the Supplement.

The REDUCE model simulated a closed cohort of people who injected short-acting opioid drugs.
For this analysis, we simulated a cohort over a lifetime to estimate long-term outcomes, including
the mean percentage of patients completing treatment for IDU-IE, deaths associated with IDU-IE, life
expectancy (measured in life-years [LYs]), mean cost per person, and incremental cost-
effectiveness ratios (ICERs). We compared costs using a payer system perspective and denominated
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currency in 2020 US dollars. We discounted all costs and benefits by 3% annually and expressed
ICERs as cost per LY gained, with a willingness-to-pay threshold of $100 000 per LY.24 We evaluated
LYs rather than quality-adjusted LYs because the interventions focused on mortality-based
outcomes, and quality-adjusted LYs are intended to measure life expectancy among patients with
diseases in which there is a measurable change in quality of life (eg, heart failure) and the experience
with drug use is heterogeneous. Probabilistic sensitivity, scenario, and threshold analyses were
performed to evaluate major findings.

REDUCE Model Overview
Model Structure and Simulated Cohort
The REDUCE model has been described in detail elsewhere.3 The model simulated a closed cohort
experiencing the natural history of injection opioid drug use. Individuals moved through time in
weekly steps from model initialization until death. Each week, there was a probability of developing
sequelae of injection opioid drug use (eg, overdose or IDU-IE), requiring hospitalization, receiving
outpatient addiction care, and changing injection drug use behavior.

The simulated cohort was stratified by sex (male or female), age (0-99 years), and injection
behavior profile, which included injection frequency (high, low, or not currently injecting drugs),
sharing of injection equipment (yes, no, or never), and sterile injection technique (cleaning, no
cleaning, or never) (eMethods 1 and eTable 1 in the Supplement).

Sequelae of Drug Use
We assumed that individuals with high-frequency injection drug use had a higher probability of both
overdose and IDU-IE, and individuals who shared injection equipment or used unsterile injection
techniques had a higher probability of IDU-IE (eMethods 1, eTable 2, and eTable 3 in the Supplement).
Overdose and infection risks were stratified by age and sex.

Hospitalization
We assumed that after developing IDU-IE or experiencing an overdose, individuals had a probability
of hospitalization. While hospitalized, patients could receive MOUD and a consultation for addiction
care services, if available. We also assumed that individuals receiving MOUD and addiction care
services had a higher probability of linking to outpatient MOUD and addiction care, and both
outcomes changed the probability of decreasing the frequency of injection drug use (eMethods 2
and eTable 4 in the Supplement). Not all patients receiving addiction care services began receiving
MOUD. While hospitalized, patients had a probability of leaving before treatment completion. We
assumed that patients who did not complete treatment for IDU-IE would remain infected until they
were readmitted to the hospital or died.

Outpatient Treatment Services
We assumed that when individuals left the hospital, they had a probability of linking to outpatient
addiction care services and MOUD (eMethods 2 and eTable 5 in the Supplement). Linkage could be
increased through receipt of inpatient addiction care services and MOUD but could also occur
spontaneously through a background mechanism reflecting outpatient addiction care uptake in the
nonhospitalized population.

The OPAT and partial oral antibiotic strategies simulated the provision of outpatient antibiotic
therapy to individuals with IDU-IE (eMethods 3 and eTables 6-12 in the Supplement). We
incorporated a weekly probability of discontinuing treatment for IDU-IE.

Mortality
We assumed that individuals had a probability of dying of overdose and IDU-IE in addition to age-,
sex-, and drug use–adjusted mortality from competing causes of death (eMethods 2 in the
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Supplement). At hospitalization, individuals had an additional mortality risk applied to reflect
inpatient mortality.

Costs
Each patient accrued costs associated with opioid use, hospitalization, and outpatient services. Care
costs associated with opioid use varied by injection behavior profile. The cost analysis also accounted
for health care services, stratified by age and sex, that were not associated with opioid use based on
data from the Medical Expenditure Panel Survey.25

Model Data and Parameter Estimation
Population, sequelae of drug use, inpatient, outpatient, mortality, and cost parameters were included
in the model. The parameters and data sources are summarized in Table 1,4-8,11,25-64 and full details
are available in eTable 1 to eTable 12 in the Supplement.

Overdose and Hospitalization
We derived rates of fatal and nonfatal overdose from state-level data.36-38 Rates of IDU-IE were
derived from the published literature.4,65-67

Data from the published literature and expert opinion (H. Englander, MD, and C. King, PhD,
email communication, October 20, 2019) informed the rates of hospitalization, the probability of
initiating MOUD while an inpatient, and the association of addiction care services and MOUD with
injection frequency. We assumed that 26% of individuals accepted addiction care services while
inpatients based on unpublished data from Boston Medical Center addiction care services (Z.M.
Weinstein, MD, email communication, March 12, 2019).

Outpatient Treatment Services
We assumed that individuals receiving inpatient addiction care services and MOUD had a 70%
probability of linking to outpatient MOUD compared with individuals receiving inpatient MOUD
alone (45% linkage), individuals receiving addiction care services alone (57% linkage), and individuals
not receiving either inpatient MOUD or addiction care services (5% linkage). We estimated the
conditional probabilities of linking to outpatient MOUD based on data from cohort studies and
clinical trials.48,49 The probabilities of completing OPAT and partial oral antibiotic therapies were
informed by data from the published literature.5-8

Mortality and Costs
After accounting for fatal overdose, we derived age- and sex-adjusted mortality rates from the
National Vital Statistics System to inform mortality associated with competing risks.54,55 To account
for additional opioid drug use–associated harms not captured by fatal overdose or IDU-IE, we
multiplied the resulting mortality rates by 1.2.54

We derived some of the costs from the 2020 Laboratory and Physician Fee Schedules from the
Centers for Medicare and Medicaid Services63,64 and the Medical Expenditure Panel Survey25

(eTable 10 and eTable 11 in the Supplement).

Probabilistic, Scenario, and Threshold Analyses
For the main analysis, we performed probabilistic sensitivity analyses (eMethods 4 in the
Supplement) using distributions around important model parameters. We performed 1000
simulations with 5 million individuals over a lifetime.

Deterministic sensitivity analyses were conducted to evaluate the extent of uncertainty in the
input parameters (eMethods 4 in the Supplement). These analyses were performed with 500 000
individuals over a lifetime. We varied (1) the percentage of patients with IDU-IE who were eligible to
receive partial oral antibiotic therapy (to reflect differences in the percentage of non-MRSA IDU-IE
cases), (2) the percentage of patients leaving the hospital with patient-directed discharge, (3) the
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Table 1. Estimates for Important Model Parameters to Characterize Outcomes of People Who Inject Drugs
Over a Lifetime

Parametera Estimate Range Source
Population

Probability of ever drug use 100% of cohort ever
injected drugs; age
and sex mix informed
by literature

NA Lansky et al,26 2014; Martins
et al,27 2017; Degenhardt
et al,28 2017; CDC,29 2021; US
Census Bureau,30 2018

Probability of injection drug use
frequency

Varied by age and sex NA Tan et al,31 2018; Buresh
et al,32 2019

Sequelae of drug use

Probability of overdose

Low-frequency injection drug use 0.0026 0.0026-0.0027 CDC,29 2021; Hser et al,33

2017; Hudgins et al,34 1995;
Cedarbaum & Banta-Green,35

2016; MDPH,36 2017; MDPH,37

2020; Hedegaard et al,38 2018

High-frequency injection drug use 0.0005 0.0005-0.0006

Probability of fatal overdose 0.1300 0.1200-0.2400 MDPH,36 2017; MDPH,37 2020;
Hedegaard et al,38 2018

Proportion of IDU-IE infections 100 NA Assumed

Probability of linking to inpatient care
after nonfatal overdose

0.9700 NA Expert opinionb

Probability of linking to inpatient care
for IDU-IE

0.2000 0.1830-0.2170 N’Guyen et al,39 2017

Probability of linking to inpatient care
for SSTI

0.0019 0.0008-0.0040 Hope et al,40 2015

Previous overdose multiplier for risk of
subsequent overdose, No. of nonfatal
overdoses

1 1.15 0.72-1.82

Caudarella et al,41 2016
2-3 1.81 1.19-2.27

4-7 2.12 1.11-4.04

≥8 5.24 1.56-17.01

Previous infection multiplier for risk of
subsequent infection

2.80 1.50-5.10 Alagna et al,42 2014

Inpatient

Duration of hospitalization with IDU-IE
using usual care scenarios, mean, wk

6 4-8 Miller and Polgreen,4 2019

Probability of patient-directed discharge 0.0500 0.0300-0.1000 Kimmel et al,11 2021; Meisner
et al,43 2020

Probability of addiction consultation
service uptake, if available

0.2580 0.0400-0.4000 Unpublished BMC addiction care
data; expert communicationc

Probability of initiation of MOUD with an
addiction consultation

0.6500 0.3200-0.9700
Unpublished ALIVE data; Priest
et al,44 2020; Murphy et al,45

2019; Englander et al,46 2020dProbability of initiation of MOUD without
an addiction consultation

0.1100 0.0500-0.1600

Probability of initiation of OPAT 0.5360 0.159-0.587 Expert opinion

Probability of initiation of POA therapy 0.2290 0.159-0.3188 Rodger et al,47 2018

Outpatient

Antibiotic treatment

Duration of OPAT, wk 3 2-4 Fanucchi et al,6 2020

Duration of POA therapy, wk 3 2-4 Marks et al,5 2020

Probability of discontinuing OPAT 0.0454 0.0300-0.1400 Fanucchi et al,6 2020; D’Couto
et al,7 2018; Suzuki et al,8

2018
Probability of discontinuing POA
therapy

0.0330 0.0200-0.1100 Marks et al,5 2020

Addiction care and MOUD linkage

Link to outpatient addiction care with
MOUD after inpatient addiction care
with MOUD

0.7000 0.6700-0.7220 Unpublished data; Liebschutz
et al,48 2014; Trowbridge
et al,49 2017e

Link to outpatient addiction care with
MOUD after inpatient MOUD without
addiction care

0.5714 0.5404-0.6024 Unpublished datae

Link to outpatient addiction care
without MOUD after inpatient
addiction care without MOUD

0.4529 0.4415-0.4643 Unpublished datae

Link to outpatient addiction care
without MOUD after inpatient MOUD
without addiction care

0.0500 0.0490-0.0501 Knudsen et al,50 2011;
Larochelle et al,51 2018

(continued)
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Table 1. Estimates for Important Model Parameters to Characterize Outcomes of People Who Inject Drugs
Over a Lifetime (continued)

Parametera Estimate Range Source
MOUD initiation

Link to outpatient addiction care after
inpatient addiction care

0.5069 0.4649-0.5489 Unpublished datae

Link to outpatient addiction care after
no inpatient addiction care

0.1620 0.1439-0.3430 Knudsen et al,50 2011

Unlinkage

Spontaneous unlinking from outpatient
addiction care and MOUD

0.0481 0.0298-0.0666 Liebschutz et al,48 2014;
Morgan et al,52 2018

Spontaneous unlinking from outpatient
addiction care and no MOUD

0.1560 0.1262-0.1860 Liebschutz et al,48 2014;
Wakeman et al,53 2017

Mortality

Background overdose–subtracted
mortality

Varied by age and sex 0.0008-0.0011 Chang et al,54 2017; Arias,55

2012
Probability of death

Untreated IDU-IE 0.1623 0.0848-0.5358 Verhagen et al,56 2006;
Veldhuizen and Callaghan,57

2014
Untreated SSTI 0.0023 0.0023-0.0028 Veldhuizen and Callaghan,57

2014
Inpatient with IDU-IE 0.0100 0.0018-0.0161 Veldhuizen and Callaghan,57

2014; Rodger et al,47 2018;
Cresti et al,58 2017; Hill et al,59

2007; Ternhag et al,60 2013
Inpatient with SSTI 0.0008 0.0008-0.0025 Veldhuizen and Callaghan,57

2014
Inpatient with overdose 0.0190 0.0130-0.0270 Jiang et al,61 2017

Costs, $

Background costs Varied by age and sex NA AHRQ,25 2021

Frequency of injection drug use

No current use 224 112-336 Murphy et al,45 2019

High 357 178-536 Behrends et al,62 2019

Low 238 119-357 Murphy et al,45 2019

Overdose

Fatal 430 215-645 Behrends et al,62 2019

Nonfatal without hospitalization 1118 559-1678 Behrends et al,62 2019

Hospitalization

With IDU-IE 21 573 8736-34 410 Miller and Polgreen,4 2019

With SSTI 17 751 9124-26 378 Miller and Polgreen,4 2019

With overdose 14 195 12 744-15 646 Behrends et al,62 2019

Addiction care services 225 150-300 Unpublished BMC addiction care
data; CMS,63 2020f

POA medications and services 380 137-1289 CMS,63 2020; CMS,64 2020

Outpatient

OPAT at postacute care facility 2702 762-11 756 Unpublished BMC datag

Home-based OPAT medications and
services

469 461-479 CMS,63 2020; CMS,64 2020

Addiction consultation with MOUD 81 78-138 CMS,63 2020; CMS,64 2020

Addiction consultation without MOUD 81 62-138 Murphy et al,45 2019; CMS,63

2020; CMS,64 2020

Abbreviations: AHRQ, Agency for Healthcare Research and Quality; ALIVE, AIDS Linked to the Intravenous Experience
study; BMC, Boston Medical Center; CDC, Centers for Disease Control and Prevention; CMS, Centers for Medicare &
Medicaid Services; IDU-IE, injection drug use–associated infective endocarditis; MDPH, Massachusetts Department of
Health; MOUD, medication for opioid use disorder; NA, not applicable; OPAT, outpatient parenteral antibiotic therapy;
POA, partial oral antibiotic; SSTI, skin and soft tissue infection.
a The REDUCE model was performed using a weekly time cycle; therefore, all probabilities are weekly.
b Consensus obtained between B.P.L. and J.A.B.
c Expert communication with H. Englander, MD, and C. King, PhD, via email on October 20, 2019.
d Unpublished ALIVE data provided by G. Kirk, MD, and S. Mehta, MD, via email communication on March 7, 2019.
e Unpublished data provided by K. Priest, MD, via email communication on October 20, 2019.
f Unpublished BMC data provided by Z.M. Weinstein, MD, via email communication on March 12, 2019.
g Unpublished BMC data provided by A. Hill, BA, via email communication on June 3, 2021.
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treatment uptake of OPAT and partial oral antibiotic therapy, (4) the rate of overdose within the
community and outpatient settings, (5) the uptake of addiction care services and MOUD during
hospitalization, and (6) the length of inpatient stay and uptake of partial oral antibiotic therapy. We
also conducted threshold analyses to assess which values for selected parameters (eg, treatment
uptake or treatment completion) changed our major findings (eMethods 4, eTable 13 in the
Supplement).

Statistical Analysis
The model was constructed using C++ programming language, and analyses were performed using R
software, version 3.2.2 (R Foundation for Statistical Computing), and Excel software (Microsoft
Corporation). No significance tests were performed for this simulation study.

Results

We initialized the model with a cohort of 5 million individuals who reflected the age and sex of the US
population who inject opioid drugs, with data informed by the US Census and published
literature.26-28,30-32,68 At model initialization, the mean age of the cohort was 42 years (range, 18-64
years), 70% were male, 53% had high-frequency injection drug use, 11% had low-frequency injection
drug use, and 36% had no current injection drug use.26-28,30-32,68 We assumed imperfect access to
harm reduction services, with 66% of the cohort practicing unsterile injection techniques and 45%
sharing injection equipment.69

Over a lifetime horizon within the usual care strategy, 685 637 individuals developed IDU-IE,
557 386 were hospitalized with IDU-IE, and 250 654 died of IDU-IE. The usual care strategy resulted
in 18.63 LYs; 77.6% of hospitalized patients with IDU-IE completed treatment, and 5.01% of deaths
in the population attributable to IDU-IE (Table 2). Life expectancy was extended by each alternative
strategy (0.016 years with the usual care/addiction care strategy, 0.013 years with the OPAT strategy,
and 0.024 years with the partial oral antibiotic strategy). The partial oral antibiotic strategy provided
the highest treatment completion rate (80.3%) compared with the OPAT strategy (78.8%) and the
usual care/addiction care strategy (77.6%). All strategies were attributable to a lower percentage of
IDU-IE–associated deaths compared with the usual care strategy (4.86% with the usual care/
addiction care strategy, 4.89% with the OPAT strategy, and 4.79% with the partial oral antibiotic
strategy vs 5.01% with the usual care strategy) and overdose (15.70% with the usual care/addiction

Table 2. Selected Cost and Clinical Outcomes from Base Case Analysisa

Treatment
strategyb

IDU-IE
cases, No.

IDU-IE
completed
treatments,
No. (%)

Deaths
associated with
IDU-IE, No. (%)

Life
expectancy, y

Discounted cost,
mean (95% CrI), $

Incremental
discounted
cost, mean, $

Hospital
cost, mean, $

Discounted LY,
mean
(95% CrI)

Incremental
discounted LY ICER, $ per LYc

Usual care 685 637 432 720
(77.6)

250 654
(5.01)

73.31 416 570
(334 000-482 780)

NA 13 968 18.63
(17.28-18.67)

NA NA

OPAT 684 867 437 547
(78.8)

244 658
(4.89)

73.34 412 150
(331 540-481 460)

4385 5450 18.65
(17.32-18.70)

0.0132 Cost-saving

POA 686 219 444 159
(80.3)

239 507
(4.79)

73.37 413 920
(333 220-483 000)

1740 8520 18.66
(17.34-18.74)

0.0106 163 370

Usual care/
addiction
care

684 036 438 588
(77.6)

243 176
(4.86)

73.35 416 990
(334 580-483 530)

3098 14 162 18.65
(17.30-18.70)

Dominatedd Dominatedd

Abbreviations: CrI, credible interval; ICER, incremental cost-effectiveness ratio; IDU-IE,
injection drug use–associated infective endocarditis; LY, life-year; NA, not applicable;
OPAT, outpatient parenteral antimicrobial therapy; POA, partial oral antibiotic.
a Analysis assumed that 21% of IDU-IE cases were associated with methicillin-resistant

Staphylococcus aureus and ineligible for POA therapy; 95% CrIs were calculated, if
applicable.

b The usual care strategy comprised 4 to 6 weeks of inpatient intravenous (IV) antibiotic
therapy along with opioid detoxification. The usual care/addiction care strategy
comprised 4 to 6 weeks of inpatient IV antibiotic therapy along with inpatient addiction

care services that offered MOUD. The OPAT strategy comprised 3 weeks of inpatient IV
antibiotic therapy along with addiction care services followed by OPAT. The POA
strategy comprised 3 weeks of inpatient IV antibiotic therapy along with addiction care
services followed by POA therapy.

c The overall incremental cost-effectiveness ratio was calculated as the difference in the
mean discounted costs for the total US population divided the difference in the
discounted quality-adjusted life expectancy for the total US population, all of which
were discounted at 3% per year.

d Cost more and had worse clinical outcomes.
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care strategy, 15.71% with the OPAT strategy, and 15.71% with the partial oral antibiotic strategy vs
15.73% with the usual care strategy).

The usual care strategy yielded a discounted lifetime mean cost of $416 570 per person (95%
credible interval [CrI], $334 000-$482 780) whereas the OPAT strategy was the least expensive at
$412 150 per person (95% CrI, $331 540-481 460) compared with the partial oral antibiotic strategy
($413 920 per person; 95% CrI, $333 220-$483 000) and the usual care/addiction care strategy
($416 990 per person; 95% CrI, $334 580-483 530). The usual care strategy was dominated by (ie,
cost more and had worse clinical outcomes) all other strategies. Compared with the OPAT strategy,
the partial oral antibiotic strategy had an ICER of $163 370 per LY. The usual care/addiction care
strategy was dominated by the partial oral antibiotic strategy.

In the scenario analyses, the partial oral antibiotic strategy was preferred (ie, performed best)
when patients with MRSA-associated IDU-IE were assumed to be eligible to receive partial oral
antibiotic therapy, when treatment uptake of partial oral antibiotic therapy or OPAT was held equal,
and when the inpatient stay was decreased and treatment uptake of partial oral antibiotic therapy
was increased (Table 3). Incremental discounted LYs gained with the partial oral antibiotic strategy
ranged from 0.020 (treatment uptake equal to OPAT treatment uptake) to 0.025 (MRSA-associated
IDU-IE eligible for treatment), and incremental discounted costs ranged from −$4450 to −$1250. In
a scenario analysis that assumed addiction care services reduced patient-directed discharge from
5.0% to 2.5% per week, the OPAT strategy was the most cost-effective, with a gain of 0.250 LYs and
incremental mean discounted cost of −$4073. Increasing the uptake of addiction care services and
MOUD from 25% to 75% yielded greater cost for each strategy but similar conclusions (mean
discounted costs increased from $412 150 to $412 420 for the partial oral antibiotic strategy and from
$413 920 to $414 300 for the OPAT strategy).

Clinicians have expressed concern regarding the possibility of overdose while receiving
outpatient antibiotic therapy. In a scenario quadrupling the rate of overdose in the community, our
findings regarding improved outcomes with partial oral antibiotic and OPAT regimens did not
qualitatively change. The OPAT strategy was the least expensive at $312 670 per person compared
with the partial oral antibiotic strategy ($313 930 per person) and the usual care/addiction care
strategy ($316 250 per person) and resulted in 0.059 additional LYs. The partial oral antibiotic
strategy had an ICER of $167 410.

We performed several threshold analyses. First, because uncertainty remained regarding the
comparative benefit of IV vs partial oral antibiotic therapies, we performed a threshold analysis of the
minimum benefit of both partial oral antibiotic and OPAT strategies, lower than which the usual care
strategy provided the best outcomes (Figure 1; eFigures 1 and 2 in the Supplement). We found that
the usual care strategy provided the best outcome when treatment completion was lowered from
the base case of 87% to 83% for the OPAT strategy and from the base case of 90% to 80% for the
partial oral antibiotic strategy. When treatment completion was lowered to 83% for the OPAT
strategy and 80% for the partial oral antibiotic strategy, there was no longer a gain in LYs compared
with the usual care strategy. When completion of partial oral antibiotic therapy increased to 92%, the
partial oral antibiotic strategy was preferred to the OPAT strategy. Partial oral antibiotic therapy was
cost-effective compared with OPAT at the $100 000 per LY threshold.

Next, we explored the rate at which patients accepted a given therapy. When OPAT uptake
decreased from 100% to 79%, OPAT was no longer the preferred strategy because the mean
discounted cost of OPAT ($413 860) became equivalent in cost to the partial oral antibiotic treatment
strategy ($413 920). When partial oral antibiotic therapy uptake increased from 79% to 86%, partial
oral antibiotic therapy was the preferred strategy, with an ICER of $72 182 per LY (eFigure 1 in the
Supplement). In a threshold analysis assessing cost, when OPAT cost was $26 000 per week
(compared with $1590 per week in the base case model), the OPAT strategy no longer met the
$100 000 per LY willingness-to-pay threshold compared with the usual care strategy (eFigure 2 in
the Supplement).
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Table 3. Selected Cost and Clinical Outcomes from Scenario Analyses

Scenarioa,b

IDU-IE
completed
treatments, %

Deaths
associated with
IDU-IE, %

Life
expectancy, y

Discounted
cost, mean, $

Incremental
discounted
cost, mean, $

Hospital cost,
mean, $ Discounted LY

Incremental
discounted LY ICER, $ per LYc

No MRSA

Usual care 77.63 5.01 73.31 416 570 NA 13 968 18.63 NA NA

POA 82.03 4.77 73.37 412 120 4450 5360 18.66 0.0247 Cost-saving

OPAT 78.73 4.89 73.35 412 150 34 5436 18.65 Dominatedd Dominatedd

Usual care/
addiction care

77.58 4.86 73.35 416 990 4840 14 162 18.65 Dominatedd Dominatedd

Addiction care
reduces patient-
directed discharge

Usual care 77.63 5.01 73.31 416 570 NA 13 968 18.63 NA NA

POA 86.58 4.59 73.41 414 450 1950 8610 18.68 0.0190 102 880

OPAT 82.21 4.78 73.37 412 500 4073 5516 18.66 0.0250 Cost-saving

Usual care/
addiction care

87.99 4.54 73.42 417 780 3334 14 180 18.68 0.0047 716 448

Treatment uptake of
POA and OPAT set at
50%

Usual care 77.63 5.01 73.31 416 570 NA 13 968 18.63 NA NA

POA 64.67 4.79 73.36 415 330 1240 10 960 18.66 0.0200 Cost-saving

OPAT 64.27 4.84 73.36 415 390 60 11 018 18.65 NA Dominatedd

Usual care/
addiction care

77.58 4.86 73.35 416 990 1660 14 162 18.65 NA Dominatedd

Quadrupled overdose
rate

Usual care 63.33 3.21 63.37 315 000 NA 1337 14.22 NA NA

POA 64.66 3.07 63.51 313 930 1250 972 14.29 0.0075 167 410

OPAT 63.53 3.14 63.50 312 670 2280 776 14.28 0.0593 Cost-saving

Usual care/
addiction care

64.37 3.11 63.49 316 250 2320 1343 14.28 Dominatedd Dominatedd

Increased uptake of
addiction care and
MOUD while
inpatient

Usual care 77.63 5.01 73.31 416 570 NA 13 968 18.63 NA NA

POA 80.28 4.68 73.41 414 300 1890 8580 18.66 0.0032 581 240

OPAT 78.67 4.82 73.37 412 420 4160 5470 18.65 0.0201 Cost-saving

Usual care/
addiction care

77.32 4.67 73.38 417 260 3000 14 260 18.66 0.0069 430 360

Shortened inpatient
stay and increased
eligibility for POA
therapy

Usual care 77.63 5.01 73.31 416 570 NA 13 968 18.63 NA NA

POA 81.49 4.78 73.37 412 117 4454 6372 18.66 0.0240 Cost-saving

OPAT 78.73 4.89 73.35 412 150 34 5436 18.65 Dominatedd Dominatedd

Usual care/
addiction care

77.58 4.86 73.35 416 990 4840 14 162 18.65 Dominatedd Dominatedd

Abbreviations: IDU-IE, injection drug use–associated infective endocarditis; ICER,
incremental cost-effectiveness ratio; LY, life-year; MOUD, medication for opioid use
disorder; MRSA, methicillin-resistant Staphylococcus aureus; NA, not applicable; OPAT,
outpatient parenteral antimicrobial therapy; POA, partial oral antibiotic.
a Scenarios assumed (1) all patients with IDU-IE were eligible to receive POA therapy, (2)

addiction care services reduced the percentage of patient-directed discharges (ie,
leaving the hospital against medical advice) from 5.0% to 2.5% per week, (3) the
uptake of POA therapy or OPAT was limited to 50% of all patients, (4) the rate of
overdose within the community and outpatient settings was quadrupled, (5) increased
uptake of inpatient addiction care services and MOUD, and (6) inpatient stay was
shortened to 2 weeks and eligibility to receive POA therapy was increased.

b The usual care strategy comprised 4 to 6 weeks of inpatient intravenous (IV) antibiotic
therapy along with opioid detoxification. The usual care/addiction care strategy

comprised 4 to 6 weeks of inpatient IV antibiotic therapy along with inpatient addiction
care services that offered MOUD. The OPAT strategy comprised 3 weeks of inpatient
IV antibiotic therapy along with addiction care services followed by OPAT. The POA
strategy comprised 3 weeks of inpatient IV antibiotic therapy along with addiction care
services followed by POA therapy.

c The overall incremental cost-effectiveness ratio was calculated as the difference in the
mean discounted costs for the total US population divided the difference in the
discounted quality-adjusted life expectancy for the total US population, all of which
were discounted at 3% per year.

d Cost more and had worse clinical outcomes.

JAMA Network Open | Infectious Diseases Simulated Care Strategies for Addiction and Drug Use–Associated Infective Endocarditis

JAMA Network Open. 2022;5(2):e220541. doi:10.1001/jamanetworkopen.2022.0541 (Reprinted) February 28, 2022 10/18

Downloaded From: https://jamanetwork.com/ by a National Institutes of Health User  on 03/15/2022



Our major findings did not qualitatively change in the probabilistic sensitivity analyses (Table 2),
in which the percentages of patient-directed discharge and treatment uptake were held constant
while almost all other parameters were varied (Table 1). Probabilistic sensitivity analyses were used
to calculate CrI s for discounted LYs for the usual care (18.63 LYs; 95% CrI, 17.28-18.67 LYs), OPAT
(18.75 LYs; 95% CrI, 17.32-18.70 LYs), partial oral antibiotic therapy (18.66 LYs; 95% CrI, 17.34-18.74
LYs), and usual care/addiction care (18.65 LYs; 95% CrI, 17.30-18.70 LYs) strategies. A cost-
effectiveness acceptability curve (Figure 2) using output from the probabilistic sensitivity analyses
revealed that either the partial oral antibiotic or OPAT strategy yielded the greatest net monetary
benefit 100% of the time. Up to a willingness-to-pay threshold of $60 000, the OPAT strategy was
preferred, and at a willingness-to-pay threshold higher than $60 000, the partial oral antibiotic
strategy was preferred.

Discussion

In this microsimulation modeling study, treatment of IDU-IE with partial oral antibiotic therapy or
OPAT was associated with similar or improved long-term clinical outcomes compared with usual care
while also being cost-effective. Within our base case model, we assumed that patients with IDU-IE
associated with MRSA infection were not eligible to receive partial oral antibiotic therapy and, as a
result, the OPAT strategy was found to be the most cost-effective. Without the exclusion of MRSA
infection, the partial oral antibiotic strategy was optimal.

Up to 1 in 4 patients with IDU-IE die within 1 year after hospital admission.70 Challenges
associated with long periods of hospitalization may be justified if hospital stays improve outcomes;
however, establishment of the inferiority of alternative approaches is necessary. An increasing body
of evidence suggests that OPAT and partial oral antibiotic strategies are feasible for the treatment
of IDU-IE in this population, producing similar or improved clinical outcomes.5,6 Informed by these
existing studies, we modeled the long-term outcomes associated with offering alternative antibiotic
strategies paired with addiction care services and found that both the OPAT and partial oral antibiotic
strategies were associated with improved outcomes compared with the usual care strategy. Our
results suggest that OPAT and partial oral antibiotic regimens may be as clinically beneficial and less

Figure 1. Threshold Values for Treatment Completion
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Results of 3 threshold analyses examining which value of treatment discontinuation per
week changed the major findings. Error bars for the base case scenarios present the
upper and lower ranges of the uniform distribution implemented within the probability
sensitivity analyses for the partial oral antibiotic (POA) therapy and outpatient parenteral
antimicrobial therapy (OPAT) strategies or the normal distribution and 1 SD range for the
usual care (UC) and UC plus addiction care services (ACS) strategies. The brown bar
indicating the OPAT threshold represents the threshold value (6.01% per week) for the

percentage of patients discontinuing OPAT per week at which there was no longer a gain
in life-years (LYs) compared with the UC base case. The orange bar indicating POA
threshold A represents the threshold value (2.65%) for the percentage of patients
discontinuing POA per week at which POA was cost-effective compared with OPAT at a
$100 000 per LY threshold. The orange bar indicating POA threshold B represents the
threshold value (7.30%) for the percentage of patients discontinuing POA per week at
which there was no longer a gain in LYs compared with the UC base case.
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costly than the usual care regimen, and these findings support expanding opportunities to research
and implement these options among patients with IDU-IE. Our findings also reinforce the importance
of addiction care services and contribute to increasing evidence suggesting the necessity of
addiction care services for the treatment of individuals with opioid use disorder.18

Concerns regarding the efficacy of oral antibiotic medications have hindered efforts to expand
the use of partial oral antibiotic therapy for the treatment of IDU-IE. Within our main analysis, we
assumed that patients with MRSA-associated IDU-IE were ineligible to receive partial oral antibiotic
therapy but that otherwise the modeled antibiotic therapies had similar treatment completion rates
if the treatment course was completed. Adherence to and completion of antibiotic treatment are
important parameters to consider when assessing potential administration of partial oral antibiotic
regimens to patients with IDU-IE. Previous studies on the implementation of care for hepatitis C viral
infection among individuals who inject drugs and are receiving MOUD have reported high rates of
adherence to antiviral treatment regimens that were similar to the rates of antiretroviral treatment
adherence among people with HIV infection who inject drugs.71,72 Our threshold analysis revealed
that when 80% or more of the patients receiving partial oral antibiotic therapy and 83% or more of
the patients receiving OPAT successfully completed treatment, these regimens would continue to
improve life expectancy compared with usual care. Although the intention of the usual care approach
is universal treatment completion, the reality of noncompletion of treatment is likely
underappreciated when weighing the risks and benefits of treatment strategies. Within the model,
potential differences in the benefits of regimens were overcome by large differences in treatment
completion. The model also assumed that a full 6 weeks of therapy was needed before treatment
completion and that a mean inpatient stay of 3 weeks was needed before initiation of partial oral
antibiotic or OPAT regimens. Therefore, our estimate was likely conservative.

Access to postacute care facilities for administration of OPAT may limit the ability of institutions
to offer this treatment regimen.10,22 Postacute care facilities often refuse to accept patients with
histories of active substance use despite the fact that these practices violate the Americans with
Disabilities Act.16 However, we found within a scenario analysis that even when individuals had a very
high probability of overdose after leaving the hospital, alternative antibiotic regimens were
associated with improvement in outcomes compared with the usual care regimen. This finding
suggests that the opportunity to complete treatment and link to MOUD through addiction care
services may prevent more overdose fatalities than an extended hospital stay. These results can be
used as an advocacy tool for agencies such as Medicaid to work with postacute care facilities to
improve access to OPAT.

We accounted for some socioeconomic challenges, such as homelessness, by assuming that
only one-half of patients could receive at-home OPAT. There are circumstances in which

Figure 2. Cost-effectiveness Acceptability Curve for Injection Drug Use–Associated Infective Endocarditis
Antibiotic Treatment Strategies
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life-year; OPAT, outpatient parenteral antimicrobial
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hospitalization may be preferable to the alternative (eg, no housing), but administration of OPAT
within in a postacute care facility rather than a hospital may be preferable to both approaches.
However, the high rate of adverse events associated with OPAT, including peripherally inserted
central catheter line infection and thrombosis, will need to be considered when discussing
alternative antibiotic therapy strategies.9 Clinicians may consider engaging in patient-centered
decision-making when offering these treatment strategies, with housing not used as the sole
determining factor when selecting an antibiotic treatment strategy.

Limitations
This study has several limitations. First, we relied on a single published study to inform parameters on
partial oral antibiotic treatment completion and regimen costs. However, a prospective cohort
study73 examining the efficacy of a partial oral antibiotic regimen for patients with early patient-
directed discharge is currently being conducted, and model parameters are within the currently
observed range. Second, although important model parameters were informed by studies of the
target population, unmeasured confounders may have impacted the results of these studies. Despite
these limitations, our findings did not qualitatively change in sensitivity analyses and when varying
assumptions were used, which may enable clinicians and hospital staff to consider these findings
within their local context.

Conclusions

Results from this decision analytical modeling study suggest that, if implemented, the strategies
could save the health care system a substantial amount of money in lifetime hospitalization costs
alone for the estimated 750 000 individuals currently injecting drugs in the US.26 Those savings
could be shifted to programs that specifically address the opioid epidemic, such as initiatives to
improve access to MOUD, promote safer injection techniques, and provide multidisciplinary
outpatient support systems, including peer navigators and case managers, to decrease the future
incidence of IDU-IE and support patient retention in substance use disorder care programs.

ARTICLE INFORMATION
Accepted for Publication: January 10, 2022.

Published: February 28, 2022. doi:10.1001/jamanetworkopen.2022.0541

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Adams JW
et al. JAMA Network Open.

Corresponding Author: Joshua A. Barocas, MD, Division of General Internal Medicine, Anschutz Medical Campus,
University of Colorado, 12631 E 17th Ave, 8th Fl, Academic Office 1, Mailstop B180, Aurora, CO 80045
(joshua.barocas@cuanschutz.edu).

Author Affiliations: Section of Infectious Diseases, Boston Medical Center, Boston, Massachusetts (Adams,
Savinkina, Hudspeth, Gai, Jawa, Linas, Kimmel); RTI International, Research Triangle Park, North Carolina (Adams);
Department of Medicine, Boston University School of Medicine, Boston, Massachusetts (Jawa, Linas, Kimmel);
Division of Infectious Diseases, School of Medicine, Washington University in St Louis, St Louis, Missouri (Marks);
Population Health Analytics Division, Boston Medical Center, Boston, Massachusetts (Hill, Flood); Section of
General Medicine, Boston Medical Center, Boston, Massachusetts (Kimmel); Division of General Internal Medicine,
Anschutz Medical Campus, University of Colorado, Aurora (Barocas); Division of Infectious Diseases, Anschutz
Medical Campus, University of Colorado, Aurora (Barocas).

Author Contributions: Drs Barocas and Adams had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis.

Concept and design: Adams, Savinkina, Jawa, Linas, Kimmel, Barocas.

Acquisition, analysis, or interpretation of data: Adams, Hudspeth, Gai, Marks, Linas, Hill, Flood, Kimmel, Barocas.

Drafting of the manuscript: Adams, Jawa, Hill, Barocas.

JAMA Network Open | Infectious Diseases Simulated Care Strategies for Addiction and Drug Use–Associated Infective Endocarditis

JAMA Network Open. 2022;5(2):e220541. doi:10.1001/jamanetworkopen.2022.0541 (Reprinted) February 28, 2022 13/18

Downloaded From: https://jamanetwork.com/ by a National Institutes of Health User  on 03/15/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.0541&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.0541
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.0541
mailto:joshua.barocas@cuanschutz.edu


Critical revision of the manuscript for important intellectual content: Savinkina, Hudspeth, Gai, Jawa, Marks, Linas,
Flood, Kimmel, Barocas.

Statistical analysis: Adams, Savinkina, Gai, Kimmel, Barocas.

Obtained funding: Barocas.

Administrative, technical, or material support: Savinkina, Jawa, Marks, Flood, Barocas.

Supervision: Jawa, Linas, Barocas.

Conflict of Interest Disclosures: Dr Kimmel reported receiving personal fees from Abt Associates and the
American Academy of Addiction Psychiatry outside the submitted work. No other disclosures were reported.

Funding/Support: This work was supported by grants K01DA051684 (Dr Barocas and Ms Savinkina),
DP2DA051864 (Dr Barocas), R01DA046527 (Dr Linas), and P30DA040500 (Dr Linas) from the National Institute
on Drug Abuse and grant T32-AI052074 (Drs Adams and Jawa) from the National Institute of Allergy and Infectious
Diseases.

Role of the Funder/Sponsor: The funding organizations had no role in the design and conduct of the study;
collection, management, analysis, and interpretation of the data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript for publication.

REFERENCES
1. Alkhouli M, Alqahtani F, Alhajji M, Berzingi CO, Sohail MR. Clinical and economic burden of hospitalizations for
infective endocarditis in the United States. Mayo Clin Proc. 2020;95(5):858-866. doi:10.1016/j.mayocp.
2019.08.023

2. Deo SV, Raza S, Kalra A, et al. Admissions for infective endocarditis in intravenous drug users. J Am Coll Cardiol.
2018;71(14):1596-1597. doi:10.1016/j.jacc.2018.02.011

3. Barocas JA, Eftekhari Yazdi G, Savinkina A, et al. Long-term infective endocarditis mortality associated with
injection opioid use in the United States: a modeling study. Clin Infect Dis. 2021;73(11):e3661-e3669. doi:10.1093/
cid/ciaa1346

4. Miller AC, Polgreen PM. Many opportunities to record, diagnose, or treat injection drug–related infections are
missed: a population-based cohort study of inpatient and emergency department settings. Clin Infect Dis. 2019;
68(7):1166-1175. doi:10.1093/cid/ciy632

5. Marks LR, Liang SY, Muthulingam D, et al. Evaluation of partial oral antibiotic treatment for persons who inject
drugs and are hospitalized with invasive infections. Clin Infect Dis. 2020;71(10):e650-e656. doi:10.1093/cid/
ciaa365

6. Fanucchi LC, Walsh SL, Thornton AC, Nuzzo PA, Lofwall MR. Outpatient parenteral antimicrobial therapy plus
buprenorphine for opioid use disorder and severe injection-related infections. Clin Infect Dis. 2020;70(6):
1226-1229. doi:10.1093/cid/ciz654

7. D’Couto HT, Robbins GK, Ard KL, Wakeman SE, Alves J, Nelson SB. Outcomes according to discharge location
for persons who inject drugs receiving outpatient parenteral antimicrobial therapy. Open Forum Infect Dis. 2018;5
(5):ofy056. doi:10.1093/ofid/ofy056

8. Suzuki J, Johnson J, Montgomery M, Hayden M, Price C. Outpatient parenteral antimicrobial therapy among
people who inject drugs: a review of the literature. Open Forum Infect Dis. 2018;5(9):ofy194. doi:10.1093/ofid/
ofy194

9. Spellberg B, Chambers HF, Musher DM, Walsh TL, Bayer AS. Evaluation of a paradigm shift from intravenous
antibiotics to oral step-down therapy for the treatment of infective endocarditis: a narrative review. JAMA Intern
Med. 2020;180(5):769-777. doi:10.1001/jamainternmed.2020.0555

10. Kimmel SD, Rosenmoss S, Bearnot B, Larochelle M, Walley AY. Rejection of patients with opioid use disorder
referred for post-acute medical care before and after an anti-discrimination settlement in Massachusetts. J Addict
Med. 2021;15(1):20-26. doi:10.1097/ADM.0000000000000693

11. Kimmel SD, Kim JH, Kalesan B, Samet JH, Walley AY, Larochelle MR. Against medical advice discharges in
injection and non-injection drug use–associated infective endocarditis: a nationwide cohort study. Clin Infect Dis.
2021;73(9):e2484-e2492. doi:10.1093/cid/ciaa1126

12. Ti L, Ti L. Leaving the hospital against medical advice among people who use illicit drugs: a systematic review.
Am J Public Health. 2015;105(12):e53-e59. doi:10.2105/AJPH.2015.302885

JAMA Network Open | Infectious Diseases Simulated Care Strategies for Addiction and Drug Use–Associated Infective Endocarditis

JAMA Network Open. 2022;5(2):e220541. doi:10.1001/jamanetworkopen.2022.0541 (Reprinted) February 28, 2022 14/18

Downloaded From: https://jamanetwork.com/ by a National Institutes of Health User  on 03/15/2022

https://dx.doi.org/10.1016/j.mayocp.2019.08.023
https://dx.doi.org/10.1016/j.mayocp.2019.08.023
https://dx.doi.org/10.1016/j.jacc.2018.02.011
https://dx.doi.org/10.1093/cid/ciaa1346
https://dx.doi.org/10.1093/cid/ciaa1346
https://dx.doi.org/10.1093/cid/ciy632
https://dx.doi.org/10.1093/cid/ciaa365
https://dx.doi.org/10.1093/cid/ciaa365
https://dx.doi.org/10.1093/cid/ciz654
https://dx.doi.org/10.1093/ofid/ofy056
https://dx.doi.org/10.1093/ofid/ofy194
https://dx.doi.org/10.1093/ofid/ofy194
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2020.0555&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.0541
https://dx.doi.org/10.1097/ADM.0000000000000693
https://dx.doi.org/10.1093/cid/ciaa1126
https://dx.doi.org/10.2105/AJPH.2015.302885


13. Baddour LM, Wilson WR, Bayer AS, et al; American Heart Association Committee on Rheumatic Fever,
Endocarditis, and Kawasaki Disease of the Council on Cardiovascular Disease in the Young; Council on Clinical
Cardiology; Council on Cardiovascular Surgery and Anesthesia; Stroke Council. Infective endocarditis in adults:
diagnosis, antimicrobial therapy, and management of complications: a scientific statement for healthcare
professionals from the American Heart Association. Circulation. 2015;132(15):1435-1486. doi:10.1161/CIR.
0000000000000296

14. Iversen K, Ihlemann N, Gill SU, et al. Partial oral versus intravenous antibiotic treatment of endocarditis. N Engl
J Med. 2019;380(5):415-424. doi:10.1056/NEJMoa1808312

15. Mitchell ED, Czoski Murray C, Meads D, Minton J, Wright J, Twiddy M. Clinical and cost-effectiveness, safety
and acceptability of community intravenous antibiotic service models: CIVAS systematic review. BMJ Open. 2017;7
(4):e013560. doi:10.1136/bmjopen-2016-013560

16. Fanucchi L, Leedy N, Li J, Thornton AC. Perceptions and practices of physicians regarding outpatient
parenteral antibiotic therapy in persons who inject drugs. J Hosp Med. 2016;11(8):581-582. doi:10.1002/jhm.2582

17. Rapoport AB, Beekmann SE, Polgreen PM, Rowley CF. Injection drug use and infectious disease practice:
a national provider survey. Open Forum Infect Dis. 2017;4(suppl 1):S340. doi:10.1093/ofid/ofx163.810

18. Barocas JA, Savinkina A, Adams J, et al. Clinical impact, costs, and cost-effectiveness of hospital-based
strategies for addressing the US opioid epidemic: a modelling study. Lancet Public Health. 2022;7(1):e56-e64. doi:
10.1016/S2468-2667(21)00248-6

19. Kimmel SD, Walley AY, Li Y, et al. Association of treatment with medications for opioid use disorder with
mortality after hospitalization for injection drug use–associated infective endocarditis. JAMA Netw Open. 2020;3
(10):e2016228. doi:10.1001/jamanetworkopen.2020.16228

20. Barocas JA, Morgan JR, Wang J, McLoone D, Wurcel A, Stein MD. Outcomes associated with medications for
opioid use disorder among persons hospitalized for infective endocarditis. Clin Infect Dis. 2021;72(3):472-478. doi:
10.1093/cid/ciaa062

21. Marks LR, Munigala S, Warren DK, Liang SY, Schwarz ES, Durkin MJ. Addiction medicine consultations reduce
readmission rates for patients with serious infections from opioid use disorder. Clin Infect Dis. 2019;68(11):
1935-1937. doi:10.1093/cid/ciy924

22. Rosenthal ES, Karchmer AW, Theisen-Toupal J, Castillo RA, Rowley CF. Suboptimal addiction interventions for
patients hospitalized with injection drug use–associated infective endocarditis. Am J Med. 2016;129(5):481-485.
doi:10.1016/j.amjmed.2015.09.024

23. Husereau D, Drummond M, Petrou S, et al. Consolidated Health Economic Evaluation Reporting Standards
(CHEERS) statement. Eur J Health Econ. 2013;14(3):367-372. doi:10.1007/s10198-013-0471-6

24. Neumann PJ, Sanders GD, Russell LB, Siegel JE, Ganiats TG, eds. Cost Effectiveness in Health and Medicine. 2nd
ed. Oxford University Press; 2016.

25. Agency for Healthcare Research and Quality. Medical Expenditure Panel Survey. 2021. Accessed April 19, 2021.
https://www.meps.ahrq.gov/mepsweb/

26. Lansky A, Finlayson T, Johnson C, et al. Estimating the number of persons who inject drugs in the United
States by meta-analysis to calculate national rates of HIV and hepatitis C virus infections. PLoS One. 2014;9(5):
e97596. doi:10.1371/journal.pone.0097596

27. Martins SS, Sarvet A, Santaella-Tenorio J, Saha T, Grant BF, Hasin DS. Changes in US lifetime heroin use and
heroin use disorder: prevalence from the 2001-2002 to 2012-2013 National Epidemiologic Survey on Alcohol and
Related Conditions. JAMA Psychiatry. 2017;74(5):445-455. doi:10.1001/jamapsychiatry.2017.0113

28. Degenhardt L, Peacock A, Colledge S, et al. Global prevalence of injecting drug use and sociodemographic
characteristics and prevalence of HIV, HBV, and HCV in people who inject drugs: a multistage systematic review.
Lancet Glob Health. 2017;5(12):e1192-e1207. doi:10.1016/S2214-109X(17)30375-3

29. Centers for Disease Control and Prevention. HIV infection, risk, prevention, and testing behaviors among
persons who inject drugs—national HIV behavioral surveillance: injection drug use, 23 US cities, 2018. HIV
Surveillance Special Report 24. February 2021. Accessed October 16, 2020. https://www.cdc.gov/hiv/pdf/library/
reports/surveillance/cdc-hiv-surveillance-special-report-number-24.pdf

30. US Census Bureau. Table DP05—ACS demographic and housing estimates: 2012-2016 American Community
Survey 5-year estimates. January 29, 2018. Accessed October 16, 2020. https://www.houstontx.gov/planning/
Demographics/docs_pdfs/2016/2016-demographic.pdf

31. Tan S, Makela S, Heller D, et al. A bayesian evidence synthesis approach to estimate disease prevalence in
hard-to-reach populations: hepatitis C in New York City. Epidemics. 2018;23:96-109. doi:10.1016/j.epidem.
2018.01.002

JAMA Network Open | Infectious Diseases Simulated Care Strategies for Addiction and Drug Use–Associated Infective Endocarditis

JAMA Network Open. 2022;5(2):e220541. doi:10.1001/jamanetworkopen.2022.0541 (Reprinted) February 28, 2022 15/18

Downloaded From: https://jamanetwork.com/ by a National Institutes of Health User  on 03/15/2022

https://dx.doi.org/10.1161/CIR.0000000000000296
https://dx.doi.org/10.1161/CIR.0000000000000296
https://dx.doi.org/10.1056/NEJMoa1808312
https://dx.doi.org/10.1136/bmjopen-2016-013560
https://dx.doi.org/10.1002/jhm.2582
https://dx.doi.org/10.1093/ofid/ofx163.810
https://dx.doi.org/10.1016/S2468-2667(21)00248-6
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.16228&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.0541
https://dx.doi.org/10.1093/cid/ciaa062
https://dx.doi.org/10.1093/cid/ciy924
https://dx.doi.org/10.1016/j.amjmed.2015.09.024
https://dx.doi.org/10.1007/s10198-013-0471-6
https://www.meps.ahrq.gov/mepsweb/
https://dx.doi.org/10.1371/journal.pone.0097596
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2017.0113&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.0541
https://dx.doi.org/10.1016/S2214-109X(17)30375-3
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-special-report-number-24.pdf
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-special-report-number-24.pdf
https://www.houstontx.gov/planning/Demographics/docs_pdfs/2016/2016-demographic.pdf
https://www.houstontx.gov/planning/Demographics/docs_pdfs/2016/2016-demographic.pdf
https://dx.doi.org/10.1016/j.epidem.2018.01.002
https://dx.doi.org/10.1016/j.epidem.2018.01.002


32. Buresh M, Genberg BL, Astemborski J, Kirk GD, Mehta SH. Recent fentanyl use among people who inject
drugs: results from a rapid assessment in Baltimore, Maryland. Int J Drug Policy. 2019;74:41-46. doi:10.1016/j.drugpo.
2019.08.006

33. Hser YI, Mooney LJ, Saxon AJ, et al. High mortality among patients with opioid use disorder in a large
healthcare system. J Addict Med. 2017;11(4):315-319. doi:10.1097/ADM.0000000000000312

34. Hudgins R, McCusker J, Stoddard A. Cocaine use and risky injection and sexual behaviors. Drug Alcohol
Depend. 1995;37(1):7-14. doi:10.1016/0376-8716(94)01060-X

35. Cedarbaum ER, Banta-Green CJ. Health behaviors of young adult heroin injectors in the Seattle area. Drug
Alcohol Depend. 2016;158:102-109. doi:10.1016/j.drugalcdep.2015.11.011

36. Massachusetts Department of Public Health. An assessment of fatal and nonfatal opioid overdoses in
Massachusetts (2011-2015). August 2017. Accessed November 10, 2020. https://www.mass.gov/doc/legislative-
report-chapter-55-opioid-overdose-study-august-2017/download

37. Massachusetts Department of Public Health. Data brief: opioid-related overdose deaths among
Massachusetts residents. June 2020. Accessed November 10, 2020. https://www.mass.gov/doc/opioid-related-
overdose-deaths-among-ma-residents-june-2020/download

38. Hedegaard H, Minino AM, Warner M. Drug overdose deaths in the United States, 1999-2017. NCHS Data Brief.
2018;329:1-8.

39. N’Guyen Y, Duval X, Revest M, et al; AEPEI Study Group. Time interval between infective endocarditis first
symptoms and diagnosis: relationship to infective endocarditis characteristics, microorganisms and prognosis. Ann
Med. 2017;49(2):117-125. doi:10.1080/07853890.2016.1235282

40. Hope VD, Ncube F, Parry JV, Hickman M. Healthcare seeking and hospital admissions by people who inject
drugs in response to symptoms of injection site infections or injuries in three urban areas of England. Epidemiol
Infect. 2015;143(1):120-131. doi:10.1017/S0950268814000284

41. Caudarella A, Dong H, Milloy MJ, Kerr T, Wood E, Hayashi K. Non-fatal overdose as a risk factor for subsequent
fatal overdose among people who inject drugs. Drug Alcohol Depend. 2016;162:51-55. doi:10.1016/j.drugalcdep.
2016.02.024

42. Alagna L, Park LP, Nicholson BP, et al. Repeat endocarditis: analysis of risk factors based on the International
Collaboration on Endocarditis—prospective cohort study. Clin Microbiol Infect. 2014;20(6):566-575. doi:10.1111/
1469-0691.12395

43. Meisner JA, Anesi J, Chen X, Grande D. Changes in infective endocarditis admissions in Pennsylvania during
the opioid epidemic. Clin Infect Dis. 2020;71(7):1664-1670. doi:10.1093/cid/ciz1038

44. Priest KC, Lovejoy TI, Englander H, Shull S, McCarty D. Opioid agonist therapy during hospitalization within the
Veterans Health Administration: a pragmatic retrospective cohort analysis. J Gen Intern Med. 2020;35(8):
2365-2374. doi:10.1007/s11606-020-05815-0

45. Murphy SMM, McCollister KE, Leff JA, et al. Cost-effectiveness of buprenorphine-naloxone versus extended-
release naltrexone to prevent opioid relapse. Ann Intern Med. 2019;170(2):90-98. doi:10.7326/M18-0227

46. Englander H, King C, Nicolaidis C, et al. Predictors of opioid and alcohol pharmacotherapy initiation at hospital
discharge among patients seen by an inpatient addiction consult service. J Addict Med. 2020;14(5):415-422. doi:
10.1097/ADM.0000000000000611

47. Rodger L, Glockler-Lauf SD, Shojaei E, et al. Clinical characteristics and factors associated with mortality in
first-episode infective endocarditis among persons who inject drugs. JAMA Netw Open. 2018;1(7):e185220. doi:
10.1001/jamanetworkopen.2018.5220

48. Liebschutz JM, Crooks D, Herman D, et al. Buprenorphine treatment for hospitalized, opioid-dependent
patients: a randomized clinical trial. JAMA Intern Med. 2014;174(8):1369-1376. doi:10.1001/jamainternmed.
2014.2556

49. Trowbridge P, Weinstein ZM, Kerensky T, et al. Addiction consultation services—linking hospitalized patients
to outpatient addiction treatment. J Subst Abuse Treat. 2017;79:1-5. doi:10.1016/j.jsat.2017.05.007

50. Knudsen HK, Abraham AJ, Roman PM. Adoption and implementation of medications in addiction treatment
programs. J Addict Med. 2011;5(1):21-27. doi:10.1097/ADM.0b013e3181d41ddb

51. Larochelle MR, Bernson D, Land T, et al. Medication for opioid use disorder after nonfatal opioid overdose and
association with mortality: a cohort study. Ann Intern Med. 2018;169(3):137-145. doi:10.7326/M17-3107

52. Morgan JR, Schackman BR, Leff JA, Linas BP, Walley AY. Injectable naltrexone, oral naltrexone, and
buprenorphine utilization and discontinuation among individuals treated for opioid use disorder in a United States
commercially insured population. J Subst Abuse Treat. 2018;85:90-96. doi:10.1016/j.jsat.2017.07.001

JAMA Network Open | Infectious Diseases Simulated Care Strategies for Addiction and Drug Use–Associated Infective Endocarditis

JAMA Network Open. 2022;5(2):e220541. doi:10.1001/jamanetworkopen.2022.0541 (Reprinted) February 28, 2022 16/18

Downloaded From: https://jamanetwork.com/ by a National Institutes of Health User  on 03/15/2022

https://dx.doi.org/10.1016/j.drugpo.2019.08.006
https://dx.doi.org/10.1016/j.drugpo.2019.08.006
https://dx.doi.org/10.1097/ADM.0000000000000312
https://dx.doi.org/10.1016/0376-8716(94)01060-X
https://dx.doi.org/10.1016/j.drugalcdep.2015.11.011
https://www.mass.gov/doc/legislative-report-chapter-55-opioid-overdose-study-august-2017/download
https://www.mass.gov/doc/legislative-report-chapter-55-opioid-overdose-study-august-2017/download
https://www.mass.gov/doc/opioid-related-overdose-deaths-among-ma-residents-june-2020/download
https://www.mass.gov/doc/opioid-related-overdose-deaths-among-ma-residents-june-2020/download
https://dx.doi.org/10.1080/07853890.2016.1235282
https://dx.doi.org/10.1017/S0950268814000284
https://dx.doi.org/10.1016/j.drugalcdep.2016.02.024
https://dx.doi.org/10.1016/j.drugalcdep.2016.02.024
https://dx.doi.org/10.1111/1469-0691.12395
https://dx.doi.org/10.1111/1469-0691.12395
https://dx.doi.org/10.1093/cid/ciz1038
https://dx.doi.org/10.1007/s11606-020-05815-0
https://dx.doi.org/10.7326/M18-0227
https://dx.doi.org/10.1097/ADM.0000000000000611
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2018.5220&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.0541
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2014.2556&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.0541
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2014.2556&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.0541
https://dx.doi.org/10.1016/j.jsat.2017.05.007
https://dx.doi.org/10.1097/ADM.0b013e3181d41ddb
https://dx.doi.org/10.7326/M17-3107
https://dx.doi.org/10.1016/j.jsat.2017.07.001


53. Wakeman SE, Metlay JP, Chang Y, Herman GE, Rigotti NA. Inpatient addiction consultation for hospitalized
patients increases post-discharge abstinence and reduces addiction severity. J Gen Intern Med. 2017;32(8):
909-916. doi:10.1007/s11606-017-4077-z

54. Chang KC, Wang JD, Saxon A, Matthews AG, Woody G, Hser YI. Causes of death and expected years of life lost
among treated opioid-dependent individuals in the United States and Taiwan. Int J Drug Policy. 2017;43:1-6. doi:
10.1016/j.drugpo.2016.12.003

55. Arias E. United States life tables, 2008. Natl Vital Stat Rep. 2012;61(3):1-63.

56. Verhagen DWM, Vedder AC, Speelman P, van der Meer JTM. Antimicrobial treatment of infective endocarditis
caused by Viridans streptococci highly susceptible to penicillin: historic overview and future considerations.
J Antimicrob Chemother. 2006;57(5):819-824. doi:10.1093/jac/dkl087

57. Veldhuizen S, Callaghan RC. Cause-specific mortality among people previously hospitalized with opioid-
related conditions: a retrospective cohort study. Ann Epidemiol. 2014;24(8):620-624. doi:10.1016/j.annepidem.
2014.06.001

58. Cresti A, Chiavarelli M, Scalese M, et al. Epidemiological and mortality trends in infective endocarditis, a 17-year
population-based prospective study. Cardiovasc Diagn Ther. 2017;7(1):27-35. doi:10.21037/cdt.2016.08.09

59. Hill EE, Herijgers P, Claus P, Vanderschueren S, Herregods MC, Peetermans WE. Infective endocarditis:
changing epidemiology and predictors of 6-month mortality: a prospective cohort study. Eur Heart J. 2007;28(2):
196-203. doi:10.1093/eurheartj/ehl427

60. Ternhag A, Cederstrom A, Torner A, Westling K. A nationwide cohort study of mortality risk and long-term
prognosis in infective endocarditis in Sweden. PLoS One. 2013;8(7):e67519. doi:10.1371/journal.pone.0067519

61. Jiang Y, McDonald JV, Koziol J, McCormick M, Viner-Brown S, Alexander-Scott N. Can emergency department,
hospital discharge, and death data be used to monitor burden of drug overdose in Rhode Island? J Public Health
Manag Pract. 2017;23(5):499-506. doi:10.1097/PHH.0000000000000514

62. Behrends CN, Paone D, Nolan ML, et al. Estimated impact of supervised injection facilities on overdose
fatalities and healthcare costs in New York City. J Subst Abuse Treat. 2019;106:79-88. doi:10.1016/j.jsat.2019.
08.010

63. Centers for Medicare & Medicaid Services. Physician fee schedule. 2020. Accessed December 20, 2020. https://
www.cms.gov/apps/physician-fee-schedule/search/search-criteria.aspx

64. Centers for Medicare & Medicaid Services. Clinical laboratory fee schedule. 2020. Accessed December 20,
2020. https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/ClinicalLabFeeSched

65. Jackson KA, Bohm MK, Brooks JT, et al. Invasive methicillin-resistant Staphylococcus aureus infections among
persons who inject drugs—six sites, 2005-2016. MMWR Morb Mortal Wkly Rep. 2018;67(22):625-628. doi:10.
15585/mmwr.mm6722a2

66. Larney S, Peacock A, Mathers BM, Hickman M, Degenhardt L. A systematic review of injecting-related injury
and disease among people who inject drugs. Drug Alcohol Depend. 2017;171:39-49. doi:10.1016/j.drugalcdep.2016.
11.029

67. Kadri AN, Wilner B, Hernandez AV, et al. Geographic trends, patient characteristics, and outcomes of infective
endocarditis associated with drug abuse in the United States from 2002 to 2016. J Am Heart Assoc. 2019;8(19):
e012969. doi:10.1161/JAHA.119.012969

68. Centers for Disease Control and Prevention. HIV infection, risk, prevention, and testing behaviors among
persons who inject drugs—national HIV behavioral surveillance: injection drug use, 20 US cities, 2015. HIV
Surveillance Special Report 18. May 2018. Accessed January 2020. https://www.cdc.gov/hiv/pdf/library/reports/
surveillance/cdc-hiv-surveillance-special-report-number-18.pdf

69. Stein MD, Phillips KT, Herman DS, et al. Skin-cleaning among hospitalized people who inject drugs:
a randomized controlled trial. Addiction. 2021;116(5):1122-1130. doi:10.1111/add.15236

70. Straw S, Baig MW, Gillott R, et al. Long-term outcomes are poor in intravenous drug users following infective
endocarditis, even after surgery. Clin Infect Dis. 2020;71(3):564-571. doi:10.1093/cid/ciz869

71. Crawford S, Bath N. Peer support models for people with a history of injecting drug use undertaking
assessment and treatment for hepatitis C virus infection. Clin Infect Dis. 2013;57(suppl 2):S75-S79. doi:10.1093/
cid/cit297

72. Litwin AH, Harris KA Jr, Nahvi S, et al. Successful treatment of chronic hepatitis C with pegylated interferon in
combination with ribavirin in a methadone maintenance treatment program. J Subst Abuse Treat. 2009;37
(1):32-40. doi:10.1016/j.jsat.2008.09.009

JAMA Network Open | Infectious Diseases Simulated Care Strategies for Addiction and Drug Use–Associated Infective Endocarditis

JAMA Network Open. 2022;5(2):e220541. doi:10.1001/jamanetworkopen.2022.0541 (Reprinted) February 28, 2022 17/18

Downloaded From: https://jamanetwork.com/ by a National Institutes of Health User  on 03/15/2022

https://dx.doi.org/10.1007/s11606-017-4077-z
https://dx.doi.org/10.1016/j.drugpo.2016.12.003
https://www.ncbi.nlm.nih.gov/pubmed/24974590
https://dx.doi.org/10.1093/jac/dkl087
https://dx.doi.org/10.1016/j.annepidem.2014.06.001
https://dx.doi.org/10.1016/j.annepidem.2014.06.001
https://dx.doi.org/10.21037/cdt.2016.08.09
https://dx.doi.org/10.1093/eurheartj/ehl427
https://dx.doi.org/10.1371/journal.pone.0067519
https://dx.doi.org/10.1097/PHH.0000000000000514
https://dx.doi.org/10.1016/j.jsat.2019.08.010
https://dx.doi.org/10.1016/j.jsat.2019.08.010
https://www.cms.gov/apps/physician-fee-schedule/search/search-criteria.aspx
https://www.cms.gov/apps/physician-fee-schedule/search/search-criteria.aspx
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/ClinicalLabFeeSched
https://dx.doi.org/10.15585/mmwr.mm6722a2
https://dx.doi.org/10.15585/mmwr.mm6722a2
https://dx.doi.org/10.1016/j.drugalcdep.2016.11.029
https://dx.doi.org/10.1016/j.drugalcdep.2016.11.029
https://dx.doi.org/10.1161/JAHA.119.012969
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-special-report-number-18.pdf
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-special-report-number-18.pdf
https://dx.doi.org/10.1111/add.15236
https://dx.doi.org/10.1093/cid/ciz869
https://dx.doi.org/10.1093/cid/cit297
https://dx.doi.org/10.1093/cid/cit297
https://dx.doi.org/10.1016/j.jsat.2008.09.009


73. Lewis S, Liang SY, Schwarz ES, et al. Patients with serious injection drug use related infections who experience
patient directed discharges on oral antibiotics have high rates of antibiotic adherence but require multidisciplinary
outpatient support for retention in care. Open Forum Infect Dis. 2022;9(2):ofab633. doi:10.1093/ofid/ofab633

SUPPLEMENT.
eMethods 1. Introduction, REDUCE Model, Cohort Initiation, and Sequelae of Drug Use
eMethods 2. Inpatient Hospitalization, Outpatient Care, Behavioral Transitions, and Mortality
eMethods 3. Outpatient Parenteral Antimicrobial Therapy and Partial Oral Antibiotics Regimen
eMethods 4. Model Scenarios, Scenario Analyses, Threshold Analyses, and Probabilistic Sensitivity Analyses
eTable 1. Initializing Cohort Characteristics
eTable 2. Calibration Targets for Incidence of Endocarditis and Fatal Overdose
eTable 3. Weekly Probability of Developing Infective Endocarditis, Stratified by Injection Behavior Profile
eTable 4. Hospital-Based Services
eTable 5. Outpatient Addiction Services
eTable 6. Model Parameters Implemented With Outpatient Parenteral Antimicrobial Therapy Module
eTable 7. Estimated Weekly Cost of Medication for Outpatient Intravenous Antibiotic Therapy
eTable 8. Estimated Weekly Cost of Treatment Services Related to Outpatient Parenteral Antimicrobial Therapy
eTable 9. Model Parameters Implemented With Partial Oral Antibiotic Therapy Module
eTable 10. Estimated Weekly Cost of Medication for Outpatient Oral Antibiotic Therapy
eTable 11. Estimated Weekly Cost of Treatment Services Related to Partial Oral Antibiotic Therapy
eTable 12. Key Input Parameters for Treatment Strategies Modeled Within REDUCE to Compare Approaches to
Treating Drug Use–Associated Endocarditis
eTable 13. Cost-effectiveness Outcomes From Threshold Analyses
eFigure 1. Threshold Values for Treatment Uptake of Partial Oral Antibiotic Therapy and Outpatient Parenteral
Antimicrobial Therapy
eFigure 2. Threshold Values for Weekly Cost of Treatment for Partial Oral Antibiotic Therapy and Outpatient
Parenteral Antimicrobial Therapy
eReferences

JAMA Network Open | Infectious Diseases Simulated Care Strategies for Addiction and Drug Use–Associated Infective Endocarditis

JAMA Network Open. 2022;5(2):e220541. doi:10.1001/jamanetworkopen.2022.0541 (Reprinted) February 28, 2022 18/18

Downloaded From: https://jamanetwork.com/ by a National Institutes of Health User  on 03/15/2022

https://dx.doi.org/10.1093/ofid/ofab633

