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Background. Persons who inject drugs (PWID) are at risk of invasive infections; however, hospitalizations to treat these infec-
tions are frequently complicated by against medical advice (AMA) discharges. This study compared outcomes among PWID who
(1) completed a full course of inpatient intravenous (IV) antibiotics, (2) received a partial course of IV antibiotics but were not pre-
scribed any antibiotics on AMA discharge, and (3) received a partial course of IV antibiotics and were prescribed oral antibiotics on
AMA discharge.

Methods.
07/2019, who received an infectious diseases consultation for an invasive bacterial or fungal infection.

Results. 293 PWID were included in the study. 90-day all-cause readmission rates were highest among PWID who did not re-
ceive oral antibiotic therapy on AMA discharge (n = 46, 68.7%), compared with inpatient IV (n = 43, 31.5%) and partial oral (n = 27,
32.5%) antibiotics. In a multivariate analysis, 90-day readmission risk was higher among PWID who did not receive oral antibiotic
therapy on AMA discharge (adjusted hazard ratio [aHR], 2.32; 95% confidence interval [CI], 1.41-3.82) and not different among
PWID prescribed oral antibiotic therapy on AMA discharge (aHR, .99; 95% CI, .62-1.62). Surgical source control (aHR, .57; 95% CI,

A retrospective, cohort study of PWID aged >18 years admitted to a tertiary referral center between 01/2016 and

.37-.87) and addiction medicine consultation (aHR, .57; 95% CI, .38-.86) were both associated with reduced readmissions.

Conclusions.
tient IV antibiotic courses is beneficial.
Keywords.

Our single-center study suggests access to oral antibiotic therapy for PWID who cannot complete prolonged inpa-

substance abuse; opioid use disorder; endocarditis, osteomyelitis.

The syndemic of opioids, stimulants, and other illicit substances
is driving a concurrent epidemic of invasive infections, such as
infective endocarditis and osteoarticular infections. Persons
who inject drugs (PWID) are 16.3 times more likely to develop
invasive Staphylococcus aureus infections than their peers and
experience higher readmission and mortality rates for associ-
ated endovascular infections [1, 2]. It is estimated that 1 in every
10 invasive Candida infections in the United States is currently
attributed to underlying injection drug use (IDU) [3]. In areas
heavily affected by the opioid crisis, IDU-associated infective
endocarditis incidence is as high as 13.8 per 100 000 persons
[4]. However, despite the mounting death toll and expanding
financial burden these infections pose, little evidence exists to
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support best practices for caring for PWID with invasive bacte-
rial and fungal infections.

For non-PWID, invasive infections are generally managed
acutely in the hospital, after which patients are discharged on
outpatient parenteral antibiotic therapy to complete prolonged
courses of intravenous (IV) antibiotics [5, 6]. Due to safety con-
cerns of discharging PWID with central venous catheters, many
infectious diseases (ID) specialists recommend that PWID
remain in the hospital for 4-6 weeks to complete IV antibi-
otic therapy for invasive infections [7]. These admissions can
be challenging for patients and healthcare professionals alike;
even when underlying substance use disorders are treated, pa-
tients face significant consequences from prolonged hospital
stays including loss of housing, childcare, or employment is-
sues. Additionally, patients may be isolated and become in-
creasingly depressed during the prolonged admission. For these
reasons and others, PWID frequently leave against medical ad-
vice (AMA) prior to completion of antimicrobial therapy [4].
Among ID specialists, significant controversy exists on antibi-
otic treatment strategies in these situations. It is not uncommon
for PWID who are unable to complete prolonged hospitaliza-
tions for IV antibiotics to leave AMA without being offered
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alternative antimicrobial options due to fears of inefficacy and/
or noncompliance [7]. While integrating medications for opioid
use disorder (MOUDs) into inpatient care is associated with a
decreased risk of AMA discharge [8], prolonged hospitaliza-
tions may not be a realistic expectation for many PWID.

Recent clinical trials provide evidence supporting transition
to oral antibiotic therapy to complete treatment of invasive bac-
terial infections [9, 10]. However, PWID were either excluded
[9] or comprised less than 2% of patients studied [10]. Thus,
prolonged courses of IV antibiotics remain the treatment of
choice for ID specialists treating PWID [11, 12]. The objective
of this study was to compare 3 antibiotic treatment strategies
in PWID hospitalized with severe infectious complications of
IDU: (1) a full course of inpatient IV antibiotic therapy, (2) a
partial course of IV antibiotic therapy without prescription of
oral antibiotic therapy on AMA discharge, and (3) a partial
course of IV antibiotic therapy with prescription of oral antibi-
otic therapy on AMA discharge.

METHODS

Data Source and Study Design

We performed a retrospective chart review of PWID with an in-
vasive bacterial infection admitted between 1 January 2016 and
30 July 2019 to Barnes-Jewish Hospital, a 1400-bed academic
medical center in St Louis, Missouri, part of the BJC HealthCare
system. Electronic medical records were reviewed for complica-
tions and readmissions during the 90 days following each index
admission.

Inclusion and Exclusion Criteria

Hospital admissions for invasive infections among PWID were
identified using International Classification of Diseases (ICD)-
10 diagnosis codes as previously described [13]. A total of 1027
visits were identified during the study period as having one of
the listed ICD codes. Due to the absence of a specific ICD code
for IDU each chart was then individually chart reviewed (in-
cluding admission notes, progress notes, and consult notes) by
an ID physician to determine if the identified infection was re-
lated to IDU. A total of 307 qualifying encounters were identi-
fied in which the ID consult notes specifically stated that the
infection was related to underlying IDU. We defined invasive
infections as S. aureus bacteremia, infective endocarditis, ep-
idural abscess, osteomyelitis, and septic arthritis. We only in-
cluded admissions in which an ID consultation occurred, as this
has been associated with improved patient outcomes [14-17].

Variables

Invasive infection type was identified by chart review of the ID
specialist documentation. Infecting pathogens were verified
by review of culture results, the most common pathogen being
S. aureus (Supplementary Table 1). Staphylococcus aureus in-
fection was defined as any infection type where S. aureus

was identified from at least 1 sterile site culture. Duration of
bacteremia was calculated as the difference in days between
the first and last positive blood culture. The number of prior
IDU-related infections was defined as the number of infec-
tions in the last 3 years captured via chart review prior to the
index admission. Diabetes mellitus, hypertension, psychiatric
comorbidities, and homelessness were obtained via chart re-
view. Substance use history was captured via urine drug screen
results and patient self-report as documented in the electronic
medical record. Substance use was not mutually exclusive; pa-
tients who used multiple substances were included in each cat-
egory. Hepatitis B, hepatitis C, and human immunodeficiency
virus (HIV) serostatus were obtained via a combination of lab-
oratory result and chart review. Recommended length of IV
antibiotics was identified as the duration of therapy specified
by the ID specialist. The percentage of IV antibiotic course
completed was calculated by dividing the completed IV treat-
ment course in the hospital by the recommended length of IV
antibiotics. Surgical source control was defined as receiving
a surgical procedure to address invasive infection. Addiction
medicine consultation was defined as an inpatient consul-
tation from a board-certified addiction medicine attending
physician.

Our primary outcome was all-cause 90-day readmission.
A readmission was defined as at least 1 admission to any of the
15 BJC Healthcare hospitals or the additional 20 local non-BJC
hospitals in the St Louis metropolitan region within 90 days of
the index admission.

Mortality within 90 days after discharge was identified by re-
view of the electronic medical record, local obituaries, or the
Social Security Death Index.

Statistical Analysis

Categorical variables are presented as frequencies and percent-
ages. Continuous variables are presented as means with ranges.
Comparisons were made between the groups using analysis
of variance, Fisher’s exact tests, and post hoc analysis, as ap-
propriate. We plotted unadjusted Kaplan-Meier estimates to
describe the survival distribution for time to readmission and
used these numbers to calculate the number needed to treat
(NNT) to prevent 1 readmission. Univariate and multivariate
regression analyses were performed to compare patient demo-
graphic characteristics and covariates between groups. We cal-
culated odds ratios (ORs) with 95% confidence intervals (Cls)
to determine predictors for completion of antibiotic therapy
and 90-day readmission. A multivariate Cox proportional haz-
ards model was generated using significant covariates from
prefiltering univariate analysis (P < .20), which included HIV
serostatus, prior IDU-related infections, surgical source con-
trol, addiction medicine consultation, and antibiotic treatment
group, as follows: (1) those who received a full course of inpa-
tient IV antibiotic therapy (completed inpatient IV), those who
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received a partial course of IV antibiotic therapy without pre-
scription of oral antibiotic therapy on AMA discharge (partial
IV, no oral), and (3) those who received a partial course of IV
antibiotic therapy with prescription of oral antibiotic therapy
on AMA discharge (partial IV, partial oral). In addition, home-
lessness and type of infection and infecting pathogen were in-
cluded initially as clinically relevant variables. Covariates were
assessed for violation of the proportional hazards assumption
and assessed using log-negative-log survival plots. Backwards
stepwise regression was used. Hazard ratios (HRs) and 95%
CIs were calculated and reported. Descriptive statistics were
calculated using SPSS version 26 (IBM Corporation). Figures
were created using GraphPad Prism 9 (San Diego, CA). This

study was approved by the Washington University Institutional
Review Board.

RESULTS

Patient Characteristics

A total of 307 PWID admitted with invasive infections were
identified during the study period. Fourteen patients died
during the index inpatient encounter and were excluded as
the impact of antibiotic treatment strategy on readmissions
could not be assessed, leaving 293 patients for study inclusion
(Table 1). All patients were offered standard-of-care inpatient
IV antimicrobial regimens. Decisions regarding oral antibiotic
therapy for patients leaving AMA were made by the ID consult

Table 1.

Comparison of 293 Persons Who Inject Drugs Admitted With Invasive Infections, by Antibiotic Treatment Received

Completed Inpatient IV

Partial IV, No Oral Partial IV, Partial Oral

(n=143) (n=67) (n=83) P
Demographic characteristics
Age, mean (range), years 40 (20-71) 38 (20-71) 39 (26-61) .398
Female gender 65 (45.5) 40 (59.7) 40 (48.2) 152
African American race 62 (43.4) 25 (37.3) 32 (38.6) 425
Homeless prior to admission 16 (11.2) 11 (16.4) 12 (14.5) 548
Substance use history®
No. of prior IDU-related infections (range) 1.83 (0-7) 2.25 (0-9) 2.22 (0-16) .295
Heroin or fentanyl 129 (90.2) 59 (88.1) 74 (89.2) .892
Cocaine 32 (22.4) 18 (26.9) 25 (30.1) 424
Methamphetamine 30 (21.0) 24 (35.8) 21 (25.3) .072
Benzodiazepine 4(2.8) 2 (3.0) 2(2.4) 975
Comorbidities
Hypertension 19 (13.3) 11 (16.4) 5 (6.0) 118
Diabetes mellitus 13(9.1) 2 (3.0) 6 (7.2) 281
Psychiatric comorbidity 13 (9.1) 5 (7.5) 13 (10.6) 195
Hepatitis C infection 86 (60.1) 49 (73.1) 29 (65.1) .186
HIV infection 3(2.1) 6(9.0) 3(3.6) .063
Infection characteristics
Infective endocarditis 97 (67.8) 38 (66.7) 31 (37.3) <.001
Osteomyelitis 32 (22.4) 23 (34.3) 41 (49.4) .001
Septic arthritis 14 (9.8) 16 (23.9) 16 (19.3) .018
Epidural abscess 15 (10.5) 11 (16.4) 8(9.6) 371
Isolated bacteremia 13 (9.1) 3 (4.5) 9(10.8) .364
Staphylococcus aureus infection 56 (60.8) 53 (79.1) 53 (63.9) .030
Duration of bacteremia, mean (range), days 2.7 (0-16) 2.3 (0-16) 2.0 (0-16) .238
Admission characteristics
Recommended length of IV antibiotic therapy, mean 41.0 (16) 40.8 (13) 40.0 (15) .952
(SD), days
% planned IV antibiotic course completed in the 100 (100-100)° 30.2 (2.3-95.2) 375 (2.2-976) <.001
hospital, mean (range)
Received surgical source control 78 (54.5) 15 (22.4) 34 (41.0) <.001
Addiction medicine consultation 85 (59.4) 16 (23.9) 38 (45.8) <.001
Outcomes
Readmission 45 (31.5) 46 (68.7) 27 (32.5) <.001
Length of stay for readmission, mean (range), days 16.7 (1-90) 14.1 (1-69) 5.56 (1-16) <.001
Death within 90 days after discharge 7 (4.9) 3(4.4) 2(2.4) 489

Data are presented as n (%) unless otherwise indicated. Seventy-three (24.9%) patients had more than 1 type of invasive infection.

Abbreviations: HIV, human immunodeficiency virus; IDU, injection drug use; IV, intravenous.

“Substance use history defined as per Methods. Individuals with more than 1 substance were included for each substance.

PReference category. % = column percentages.
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team and offered on a case-by-case basis. An oral antibiotic with
activity against the causative pathogen was identified in all but 1
case. One hundred and forty-three (48.8%) patients completed
inpatient IV antibiotic therapy, 83 (28.3%) were treated with
partial oral antimicrobial therapy after requesting to leave prior
to completion of inpatient IV antibiotic therapy, and 67 (22.9%)
received no oral antibiotic prescription prior to or within 48
hours of leaving AMA or eloping. Mean recommended length
of therapy specified by an ID specialist was 6 weeks and did
not significantly differ between groups (P =.952). The mean
percentage of IV antibiotic therapy completed was found to be
significant across the 3 treatment groups (P <.001), as those
completing inpatient IV antimicrobial therapy completed a
mean of 100% of the recommended antibiotic course. However,
the mean percentage of IV antimicrobial completion for those
not completing inpatient IV antimicrobials (either discharged
with or without partial oral therapy) was not significantly dif-
ferent at 14.5 days for the “partial IV, partial oral” group and
12.5 days for the “partial IV, no oral” group (P = .082). A total
of 139 (47.4%) patients were seen by addiction medicine phys-
icians, with 69 (23.5%) patients prescribed buprenorphine-
naloxone, 77 (26.2%) prescribed methadone, and 1 (0.3%)
prescribed extended release naltrexone.

Predictors of 90-Day Readmissions

The 90-day readmission rates were highest among those who
left prior to completion of IV antimicrobials and did not receive
an oral antibiotic at discharge (partial IV, no oral) (P <.0001)
(Table 1). The log-rank test for equality indicated a significant
difference between the antibiotic treatment strategies observed
in this cohort, with both completion of IV antibiotics (com-
pleted inpatient IV) and partial completion of IV antibiotics
followed by prescription of oral antibiotic therapy on AMA
discharge (partial IV, partial oral) associated with increased
readmission-free survival in an unadjusted Kaplan-Meier sur-
vival curve (P <.0001) (Figure 1). Within the 2 groups who

left prior to completing IV antibiotic therapy, the absolute
risk reduction of 90-day readmission for partial oral antibiotic
therapy (partial IV, partial oral) compared with no oral antibi-
otic therapy (partial IV, no oral) was 35.7% with an NNT of 3
(95% CI, 2-6).

Univariate analysis identified AMA discharge without partial
oral antibiotic therapy (partial IV, no oral) as a significant pre-
dictor of 90-day readmissions (OR, 4.77; 95% CI, 2.55-8.92),
along with a history of prior IDU-associated infections (OR,
1.99; 95% CI, 1.18-3.36). Factors identified as protective from
90-day readmissions were multidisciplinary management with
an addiction medicine specialist (OR, .39; 95% CI, .24-.64) and
surgical source control (OR, .38; 95% CI, .23-.62) (Table 2).

Adjusting for infection type and infecting pathogen,
multivariable analysis identified a significantly lower read-
mission rate associated with surgical source control (adjusted
HR [aHR], .57; 95% CI, .37-.87) and addiction medicine con-
sultation (aHR, .57; 95% CI, .38-.86). Prior admission for
IDU-related infections was associated with worse outcomes
(aHR, 1.55; 95% CI, .99-2.41), as was AMA discharge without
oral antibiotics (partial IV, no oral) (aHR, 2.32; 95% CI, 1.41-
3.81). Patients who had received only partial IV antibiotic
therapy and were discharged with oral antibiotics (partial IV,
partial oral) did not have a significant difference in readmis-
sion rates compared with a reference group of patients com-
pleting inpatient I'V antibiotic therapy (completed inpatient IV)
(aHR, .99; 95% CI, .62-1.62) (Table 3).

Reasons for 90-Day Readmissions

Supplementary Table 2 identifies reasons for 90-day readmis-
sions stratified by antimicrobial treatment group. Readmissions
for new sequelae of the previously identified infection were not
significantly different between the partial oral antibiotic group
(partial IV, partial oral) and those who completed inpatient IV
antibiotic therapy (completed inpatient IV). For many PWID
in the inpatient IV antibiotic group, surgical source control was

100+

80

40+

20

% Readmission Free Survival

—— Completed inpatient IV
—— Partial IV, partial oral abx

—— Partial IV, no oral abx

30 60 90
Time (days) P <.0001 by Log-Rank Test
No. at Risk
Completed Inpatient IV 143 123 120 17 110 104 102
Partial IV, partial oral abx 83 73 64 64 61 58 57
Partial IV, no oral abx 67 34 31 30 27 25 22

Figure 1.
intravenous; PWID, persons who inject drugs.

Kaplan-Meier survival curve of PWID admitted with invasive bacterial infections stratified by type of antimicrobial therapy. Abbreviations: abx, antibiotics; IV,
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Table 2. Univariate Analysis of Variables Associated With 90-Day
Readmission Among Persons Who Inject Drugs With Invasive Infections

90-Day Readmission

Variable OR 95% Cl P
Patient demographic characteristics
Age >50 years 1.09 .59-2.02 452
Female 1.23 .77-1.96 .230
African American 79 49-1.27 .334
Homeless .92 .46-1.83 475
Substance use history
Prior IDU-related infection 1.99 1.18-3.36 .006
Heroin or fentanyl .69 .32-1.46 217
Cocaine 1.63 .90-2.60 .075
Methamphetamine 1.32 .78-2.25 184
Benzodiazepine .49 .09-2.45 .307
Comorbidities
Hypertension 1.47 .72-2.98 .188
Psychiatric comorbidity .79 .37-1.73 .355
Diabetes mellitus .73 .28-1.86 .334
Hepatitis C infection .88 .54-1.43 .343
HIV infection 2.14 .66-6.92 .158
Infection characteristics
Infective endocarditis 1.27 .79-2.04 .190
Septic arthritis .60 .31-1.18 .093
Isolated bacteremia 1.41 .62-3.21 .269
Osteomyelitis .69 .42-1.15 .095
Epidural abscess 91 .44-1.89 475
Bacteremia 1.02 .64-1.64 .516
Staphylococcus aureus infection .89 .55-1.47 .378
Admission characteristics
Addiction medicine consult .39 .24-.64 <.001
Antibiotic treatment group
Completed inpatient IV Reference
Partial IV, partial oral 1.05 .568-1.83 491
Partial IV, no oral 4.77 2.65-8.92 .004
Received surgical procedure .38 .23-.62 <.001

Abbreviations: Cl, confidence interval; HIV, human immunodeficiency virus; IDU, injection
drug use; IV, intravenous; OR, odds ratio.

previously recommended but did not occur due to comorbid
diagnoses or other reasons. This is consistent with our finding
that surgical management was protective against 90-day re-
admissions (Table 2). All treatment groups had readmissions
for infections secondary to new microorganisms, likely repre-
senting ongoing IDU and the high rate of infectious complica-
tions among PWID. More detailed descriptions are provided in
Supplementary Table 3. Consultation with addiction medicine
was noted to be protective against readmission with a new mi-
croorganism (P < .001).

DISCUSSION

Our study has 2 key findings. First, we observed a reduction
in 90-day all-cause readmission rates in patients who left AMA
who were prescribed oral antibiotic therapy (partial IV, partial
oral), compared with those who were not (partial IV, no oral).

Second, patients who received outpatient oral antibiotics (par-
tial IV, partial oral) had similar readmission rates compared
with those who competed their course of inpatient IV antibi-
otic therapy (completed inpatient IV). The frequent exclusion
and/or underrepresentation of PWID in clinical trials has led
to many content experts and guidelines excluding PWID from
treatment recommendations. The result is limited data and
generally conservative patient management with parenteral
antibiotics. Investigations of oral antibiotics for infective endo-
carditis first began in the 1950s, followed by treatment success
in osteomyelitis in the 1960s and 1970s [18-21]. Given the re-
cent randomized controlled trials reported by Iversen et al [9]
and Li et al [10] demonstrating that oral antibiotics can be used
effectively to treat endocarditis and osteomyelitis, access to oral
antibiotic therapies for PWID with invasive infections appears
to be a viable treatment option. With an NNT of 3 to prevent
90-day readmission, our data provide real-world evidence that
access to oral antibiotics for PWID who leave AMA is safe and
is associated with improved outcomes compared with not re-
ceiving oral antibiotics, with similar readmission rates com-
pared with those completing IV antibiotic therapy.

Inpatient care for PWID with invasive infections should in-
clude care of the underlying substance use disorder [22]. In our
study, treatment of underlying opioid use disorder (OUD) had
a similar protective effect against readmission as adequate sur-
gical source control, which is a central principle of infectious
diseases. The inpatient encounter for an IDU-associated infec-
tion represents a critical opportunity to discuss harm-reduction
techniques including safer injection practices, cleaning injec-
tion sites, and access to clean needles. For patients who inject
opioids, MOUDs should be offered and initiated early in the
hospital course. We have previously found that MOUD is an in-
dependent predictor of retention in inpatient care [8]. However,
even when MOUD:s are offered, hospital stays of 4-6 weeks for
parenteral therapy can cause significant social challenges.

Discharges AMA are independently associated with increases
in 30-day readmissions and mortality [23]. The prevalence of
AMA discharge is understandably higher among PWID, with
national rates as high as 30% [24]. For PWID there is signif-
icant stigma surrounding the term AMA. Many physicians
may express more bias against those who leave AMA, per-
ceiving them as less engaged with their healthcare, positing that
it seems illogical to offer patients “second best” advice, while
others hold onto a misconception that medications cannot be
prescribed for an AMA discharge [25]. In many settings PWID
may be uninsured and require financial assistance for oral anti-
biotics, a situation that is often challenging to overcome if pa-
tients are discharged AMA. The term “unplanned discharge” or
“incomplete discharge” has recently been suggested as a more
patient-centered term for AMA discharges in this population
[26]. Several patients in this cohort discharged on oral antibi-
otic therapy re-presented to care soon after discharge when they
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Table 3. Unadjusted and Adjusted Cox Proportional Hazards for 90-Day Readmissions Among Persons Who Inject Drugs With Invasive Infections

Unadjusted Adjusted®

Variable HR (95% ClI) P HR (95% Cl) P
Addiction medicine consult

No Reference Reference

Yes 49 (.34-.72) <.001 .57 (.38-.86) .007
Surgical source control

No Reference Reference

Yes 44 (.29-.66) <.001 .57 (.37-.87) .009
Prior IDU infections

No Reference Reference

Yes 1.67 (1.10-2.58) .016 1.55 (.99-2.41) .051
Antibiotic treatment group

Completed inpatient |V Reference Reference

Partial IV, partial oral .92 (.67-1.48) .730 .99 (.62-1.62) .995

Partial IV, no oral 3.17 (1.97-5.12) <.001 2.32 (1.41-3.82) .001

Abbreviations: Cl, confidence interval; HR, hazard ratio; IDU, injection drug use; IV, intravenous.

?Adjusted for infection type and infecting pathogen.

found the cost of filling the prescription provided was prohibi-
tive. Considering potential oral antibiotic options early in a hos-
pital stay may help overcome some of these issues. When using
oral antibiotics for severe infections, care should be given to
maximizing bioavailability, tolerability, and affordability. Oral
antibiotics should not be used simply to expedite discharges in
settings where they would not be similarly considered for non-
PWID, but instead should be offered with careful planning and
with close follow-up. These results demonstrate that a decision
to leave prior to completion of inpatient IV antibiotic therapy
by PWID admitted with an invasive bacterial or fungal infec-
tion should not be viewed as a rejection of all medical care.

We believe a holistic, patient-centered approach to the care
of PWID with invasive infections is needed. Prolonged hos-
pital stays in this high-risk patient group could result in losing
employment and housing [27]. Elements to consider include
an assessment of a patient’s social situation occurring early in
a patient’s hospital course, consultation with addiction medi-
cine specialist, with MOUDs, when present. Treatment of OUD
should occur during hospitalization and linkage to ongoing
care should be arranged at the time of discharge. Longitudinal
access to health navigators and coaches to aid PWID with ac-
cessing support services is seen as increasingly important [28].
These individuals help ensure that patients continue to engage
with the outpatient healthcare system and improve medication
adherence. Multidisciplinary teams have been shown to exert a
positive impact on the care of non-PWID with infective endo-
carditis, and it is clear that similar comprehensive management
strategies should be offered to PWID with analogously complex
invasive infections [29, 30].

Limitations to our findings are that results may not be gener-
alizable to other institutions. The PWID at our hospital had ac-
cess to addiction medicine consultations, and PWID with OUD

had access to MOUDs, although services for persons who inject
methamphetamines are more limited. All patients received an
ID consultation, which is known to improve outcomes [15, 16].
The PWID who left AMA were offered close outpatient ID fol-
low-up, providing the opportunity to adjust antibiotic therapy
for patients who were intolerant or unable to afford certain
recommended antibiotics. Our analyses were not sufficiently
powered to explore whether certain conditions were safer than
others to rapidly transition patients from IV to oral antibiotics.

In conclusion, our single-center study supports the concept
of holistic management of PWID, including providing MOUDs,
offering oral antibiotics for patients who leave AMA, and en-
gaging in shared decision making with patients about the bene-
fits of IV versus oral antibiotics. We believe that additional
studies specifically evaluating the role and impact of health
navigators, case managers, therapists, and addiction medicine
providers are needed to identify key bundle components while
containing costs. We believe that this would be best accom-
plished by funding prospective clinical trials including adaptive
trial designs exploring implementation of evidence-based prac-
tices and pragmatic antimicrobial options within the PWID
population.
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