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BACKGROUND Persons who inject drugs and require surgery for infective endocarditis have 2 potentially lethal dis-

eases. Current postoperative rehabilitation efforts seem ineffective in preventing loss to follow-up, injection drug use

relapse (relapse), and death.

OBJECTIVES The purpose of this study was to characterize drug use, psychosocial issues, surgical outcome, and

postoperative addiction management, as well as loss to follow-up, relapse, and mortality and their risk factors.

METHODS From January 2010 to June 2020, 227 persons who inject drugs, age 36 � 9.9 years, underwent surgery for

infective endocarditis at a quaternary hospital having special interest in developing addiction management programs.

Postsurgery loss to follow-up, relapse, and death were assessed as competing risks and risk factors identified

parametrically and by machine learning. CIs are 68% (�1 SE).

RESULTS Heroin was the most self-reported drug injected (n ¼ 183 [81%]). Psychosocial issues included homelessness

(n ¼ 56 [25%]), justice system involvement (n ¼ 150 [66%]), depression (n ¼ 118 [52%]), anxiety (n ¼ 104 [46%]), and

post-traumatic stress disorder (n ¼ 33 [15%]). Four (1.8%) died in-hospital. Medication for opioid use disorder prescribed

at discharge increased from 0% in 2010 to 100% in 2020. At 1 and 5 years, conditional probabilities of loss to follow-up

were 16% (68% CI: 13%-22%) and 59% (68% CI: 44%-65%), relapse 32% (68% CI: 28%-34%) and 79% (68% CI:

74%-83%), and mortality 21% (68% CI: 18%-23%) and 68% (68% CI: 62%-72%). Younger age, heroin use, and lower

education level were predictors of relapse.

CONCLUSIONS Infective endocarditis surgery can be performed with low mortality in persons who inject drugs, but

addiction is far more lethal. Risk of loss to follow-up and relapse require more effective addiction strategies without

which this major loss to society will continue. (J Am Coll Cardiol 2024;83:811–823) © 2024 by the American College of

Cardiology Foundation.
P ersons who inject drugs (PWID) and require
surgery for related infective endocarditis
have at least 2 lethal conditions. As opioid

addiction has escalated to an epidemic in the United
States,1-3 injection drug use–associated infective
endocarditis has also increased, presenting surgical,
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psychosocial, moral and ethical, and decision-making
challenges.4-6 These patients are young with few
comorbidities, yet they present late in the course of
endocarditis, and their operations are often complex
and associated with complications, long hospital
stays, and high health care costs.7-9 Worse, however,
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TABLE 1 Patient Characteristics, Operative Details, and

Postoperative Complications

na
Mean � SD
or n (%)

Demographics

Age, y 227 36 � 9.9

Female 227 97 (42.7)

Body mass index, kg/m2 227 24 � 5.9

Race 219

White 198 (90.4)

Black 13 (5.9)

Other 8 (3.7)

Medical history/comorbidities

ABBR EV I A T I ON S

AND ACRONYMS

MOSAIC = Management of

Substance Use Disorder and

Heart Infections in

Cardiovascular Patients

MOUD = medications for opioid

use disorder

PWID = persons who inject

drugs

SOAR = Supporting Opioid

Addiction Recovery
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long-term mortality is up to 10 times higher
than if they did not inject drugs, because of
drug relapse, overdose, and reinfection.7,10-14

Prevention is thought to require a comprehen-
sive holistic approach, but success is poor.15

We hypothesize that PWID have complex
and interacting social, educational, legal,
mental health, and other social determinants
of health issues contributing to their addic-
tion that are incompletely identified and
accounted for. Therefore, to better inform
strategies designed to prevent injection drug
Prior cardiac surgery for infective
endocarditis

227 67 (30.0)

Myocardial infarction 227 13 (5.7)

Atrial fibrillation/flutter 225 16 (7.1)

Complete heart block 218 9 (4.1)

Heart failure 225 70 (31.1)

Peripheral artery disease 227 14 (6.2)

Hypertension 227 82 (36.1)

COPD 227 35 (15.4)

Dialysis 226 19 (8.4)

Prior stroke 226 86 (38.0)

Dyslipidemia 226 40 (17.7)

Infective endocarditis organism 216
use relapse and death and improve clinical outcomes
of endocarditis surgery, we conducted a single-center
study of PWID undergoing cardiac surgery for infec-
tive endocarditis in the context of a quaternary hos-
pital with particular interest in developing and
implementing addiction management programs.
Specific objectives were to study characteristics of
drug use among these patients; their education level;
their underlying social, justice-system, and mental
health issues; their addiction management before and
after surgery; and competing risks of becoming lost to
follow-up, injection drug use relapse, and mortality.
Staphylococcus aureus 113 (52.3)

Coagulase-negative
staphylococcus

2 (0.92)

Gram-positive cocci, not further
identified

14 (6.5)

Viridans streptococcus 24 (11.1)

Enterococcus 21 (9.7)

Yeast/fungal 11 (5.1)

Other 13 (6.0)

Polymicrobial 14 (6.5)

Pathogen not identified 5 (2.3)

Operation

Aortic valve surgery 227 109 (48.0)

Mitral valve surgery 227 101 (44.5)

Tricuspid valve surgery 227 125 (55.1)

Pulmonary valve surgery 227 4 (1.8)

AV/MV (left side) only 227 101 (44.5)

TV/PV (right side) only 227 68 (30.0)

AV/MV þ TV 227 58 (25.6)

Aortic root, ascending or arch 227 60 (26.4)

Postoperative outcomes

Hospital death 227 4 (1.8)

Operative mortality 225 7 (3.1)

Permanent stroke 227 4 (1.8)

New-onset renal failureb 207 5 (2.4)

Prolonged ventilation, >24 h 227 74 (32.6)

Long postoperative stay, >14 days 227 83 (36.6)

aPatients with data available. bPatients on preoperative dialysis are excluded from
the denominator.

AV ¼ aortic valve; COPD ¼ chronic obstructive pulmonary disease; MV ¼ mitral
valve; PV ¼ pulmonary valve; TV ¼ tricuspid valve.

SEE PAGE 824
METHODS

PATIENTS. From January 1, 2010, to June 1, 2020, 227
PWID, mean age 36 � 9.9 years, 43% women, under-
went cardiac surgery for infective endocarditis at
Cleveland Clinic (Table 1). Patients were identified
from institutional infective endocarditis registries
coded for injection or intravenous drug use. The most
common pathogen was Staphylococcus aureus fol-
lowed by Streptococcus viridans and Enterococcus
species (Table 1).

EVOLUTION OF ADDICTION MANAGEMENT. As
opioid addiction became an epidemic, our philosophy
and approach to addiction management evolved
(Figure 1). Early in the study period, PWID with
infective endocarditis referred for surgery were
encouraged to agree to addiction treatment, verbally
or by signing a nonbinding “contract,” but resources
and facilities available for treatment and rehabilita-
tion were limited and remain so. During this period,
many patients had a history of receiving medication
for opioid use disorder (MOUD) before their endo-
carditis was diagnosed, having been seen by an
addiction specialist, but they continued injecting and
ded for Anonymous User (n/a) at Brazilian Society of Cardiology from ClinicalKey.com by Elsevier on March 19, 
. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.



FIGURE 1 Evolution of Strategies for Managing Opioid Use Disorder
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developed endocarditis. Our addiction program
lacked enthusiasm for discharging patients on MOUD
at that time. In-hospital psychiatric evaluation was
somewhat erratic, but in 2015, driven by nursing, a
specialized multidisciplinary addiction team began
developing a program called MOSAIC (Management of
Substance Abuse Disorder and Heart Infections in
Cardiovascular Patients) that included standardized
protocols for preoperative, perioperative, and post-
operative care (see details in Supplemental Text 1).
This program was fully deployed in 2020, with an
electronic medical record dashboard implemented in
2021. In 2017, an Endocarditis Center was established
and applied a multidisciplinary team approach to
managing PWID presenting with infective endo-
carditis, including preoperative evaluation by a psy-
chiatric addiction specialist along with a cardiologist,
infectious disease specialist, and cardiac surgeon.
Involvement of the Addiction Medicine team resulted
in more frequent use of MOUD. That same year, our
psychiatry group received privileges to see patients at
a local rehabilitation center to improve postdischarge
follow-up and management. In 2019, the State of Ohio
Downloaded for Anonymous User (n/a) at Brazilian
2024. For personal use only. No other uses wit
launched Project SOAR (Supporting Opioid Addiction
Recovery; see details in Supplemental Text 1). By the
end of the study, nearly 100% of PWID with infective
endocarditis were enrolled in MOSAIC and SOAR,
and both preadmission and discharge MOUD
reached 100%.

OPERATION FOR INFECTIVE ENDOCARDITIS. Pa-
tients underwent isolated or combined valve surgery
involving the aortic valve in 48%, mitral valve in
44%, tricuspid valve in 55%, and pulmonary valve in
1.8% (Table 1). Infective endocarditis involved only
left-sided valves in 44%, only right-sided in 30%, and
both sides in 26%. A total of 67 procedures (30%) were
reoperations; 7 a second reoperation, and 1 a third.

ENDPOINTS. Time-related primary endpoints were
as follows: 1) becoming lost to follow-up; 2) injection
drug use relapse (relapse); and 3) death, considered
together as competing risks. Time of relapse was the
first known relapse after infective endocarditis sur-
gery. Secondary endpoints were postoperative in-
hospital morbidity and mortality and recurrent
infective endocarditis.
 Society of Cardiology from ClinicalKey.com by Elsevier on March 19, 
hout permission. Copyright ©2024. Elsevier Inc. All rights reserved.
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TABLE 2 Social, Educational, and Psychiatric Background

na n (%)

Social

Homelessness 226 56 (24.8)

Married 227 54 (23.8)

Single 227 139 (61.2)

Divorced 227 34 (15.0)

Children 227 154 (67.8)

Justice system involvement 227 150 (66.1)

Highest education level

Grade school 184 11 (6.0)

Left high school before graduating 184 47 (25.5)

High school graduate/GED 184 115 (62.5)

College degree 184 8 (4.3)

Higher degree 184 3 (1.6)

Psychiatric history

Depression 227 118 (52.0)

Anxiety 227 104 (45.8)

Post-traumatic stress disorder 227 33 (14.5)

Adverse childhood experiences 227 47 (20.7)

Medication-assisted treatment 227 118 (52.0)

aPatients with data available.

GED ¼ graduate education development test.
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Postoperative surveillance, with periodic patient
contact, was part of our clinical treatment protocol. In
addition, we conducted intensive cross-sectional
follow-up beginning in February 2022 using all
available contact information, with particular focus
on patients who had been lost to surveillance. Pa-
tients’ electronic medical records, including surveil-
lance reports, provided information about known
relapse, infective endocarditis recurrence and reop-
eration, and vital status (Supplemental Figure 1).
Last, we searched for obituaries on the internet to
identify deaths among those we had been unable
to contact. Lost to follow-up was defined as inability to
obtain information about the patient within 1 year of
the common closing date of cross-sectional follow-
up, February 2022.

DATA AND ETHICS. Endocarditis microbiology and
patient demographics, comorbidities, procedural de-
tails, and postoperative complications were obtained
from infectious disease and surgical registries main-
tained for quality reporting. Self-reported social and
educational information, justice system involvement,
and psychiatric and psychological history were
extracted from patients’ medical records. All data
were approved for use in research by the Cleveland
Clinic Institutional Review Board on June 19, 2020,
with a waiver of informed consent (IRB #20-692).
Downloaded for Anonymous User (n/a) at Brazilian Society of Cardiology f
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DATA ANALYSIS. Statistical analyses were per-
formed using SAS statistical software version 9.4 (SAS
Institute) and R version 4.0 (R Foundation for Sta-
tistical Computing). Categorical data are summarized
as frequencies and percentages, and continuous var-
iables as mean � SD or equivalent 15th, 50th (me-
dian), and 85th percentiles when data were skewed.
Time-related estimates are presented with 68% CIs,
consistent with �1 SE.
T ime-re lated events . Time zero was the date of
surgery for infective endocarditis. We believed that
becoming lost to follow-up could lead to under-
estimating the probability of relapse and death.
Therefore, becoming lost to follow-up, relapse,
and mortality were assessed as competing states
with potentially informative censoring. For each
outcome, we estimated conditional probability using
the method of Pepe and Mori (Supplemental
Methods 1).16,17

Risk factors for t ime-re lated events . To identify
risk factors for time-related loss to follow-up, relapse,
and mortality after surgery for infective endocarditis,
2 types of multivariable analyses were performed,
details of which are presented in Supplemental
Methods 2: a parametric multiphase temporal
decomposition nonproportional hazard analysis,18

with a machine-learning algorithm for variable
selection19 and a nonparametric analysis using Ran-
domForestsSRC.20 Variables considered in these
multivariable analyses are listed in Supplemental
Text 2.

RESULTS

DRUGS ABUSED AND PREOPERATIVE ADDICTION

MANAGEMENT. Self-reported injection drugs being
used when infective endocarditis occurred were her-
oin (183 [81%]), cocaine (60 [26%]), methamphet-
amine (35 [15%]), and other (34 [15%]). Previously, 118
patients had been treated with MOUD (eg, buprenor-
phine/naloxone; in 93 this information was missing).
Postoperatively, discharge with MOUD reached 100%
(Figure 1). Preoperatively, 144 were evaluated by in-
hospital psychiatry, supported by the Alcohol and
Drug Recovery Center, and this steadily increased
after 2017 (Figure 1).

SOCIAL, JUSTICE SYSTEM, EDUCATIONAL, AND

PSYCHIATRIC/PSYCHOLOGICAL FACTORS. One-fourth
of patients reported being homeless at some point
before surgery (Table 2). Two-thirds had justice sys-
tem involvement (arrest, incarceration, or driving
under the influence of alcohol). Highest education
rom ClinicalKey.com by Elsevier on March 19, 
ght ©2024. Elsevier Inc. All rights reserved.
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FIGURE 2 Lost to Follow-Up After Surgery for Infective Endocarditis Among PWID
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(A) Conditional probability of lost to follow-up after surgery for infective endocarditis among persons who inject drugs. Nonparametric probability estimates (symbols)

are accompanied by 68% confidence bars (equivalent to �1 SE), and the solid black line represents parametric estimates enclosed within a 68% dashed confidence

band. Inset: Instantaneous risk (hazard function) of lost to follow-up. Solid line depicts parametric estimate enclosed within a 68% confidence band. (B to D) Unadjusted

conditional probability with each symbol representing a patient lost to follow-up; vertical bars are 68% confidence limits. Effect of (B) anxiety disorder (P[log-

rank] ¼ 0.004), (C) mood disorder (P[log-rank] ¼ 0.02), and (D) highest level of education (P[log-rank] ¼ 0.03).
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level was high school graduation in 63%, and 25% did
not complete high school. Depression or other mood
disorder was reported by 52% and anxiety disorder by
46%. In total, 21% of patients reported adverse
childhood experiences. Post-traumatic stress disorder
was reported by 14%.
Downloaded for Anonymous User (n/a) at Brazilian
2024. For personal use only. No other uses wit
SURGICAL OUTCOMES. In-hospital mortality was
1.8%, stroke 1.8%, and renal failure 2.4%, and pro-
longed ventilation >24 hours was 33% (Table 1). Me-
dian postoperative length of stay was 12 days. Both
prolonged ventilation and long length of stay were
due in part to withdrawal symptoms and pulmonary
 Society of Cardiology from ClinicalKey.com by Elsevier on March 19, 
hout permission. Copyright ©2024. Elsevier Inc. All rights reserved.



TABLE 3 Risk Factors for Follow-Up Events After Surgery for Infective Endocarditis in

Persons Who Inject Drugs

Estimate � SE HR (95% CI) P Value

Lost to follow-up

Early increasing hazard phase

No major depression or bipolar mood disorder �1.43 � 0.66 0.24 (0.06-0.88) 0.03

Not high school graduate 1.59 � 0.78 4.9 (1.1-22) 0.04

Education missing/unknown 1.24 � 0.60 3.5 (1.1-11) 0.04

Constant hazard phase

No anxiety disorder �1.72 � 0.76 0.18 (0.04-0.79) 0.02

Relapse

Early increasing hazard phase

Not high school graduate 1.53 � 0.74 4.6 (1.1-19) 0.04

Constant hazard phase

Younger age �0.051 � 0.018 0.95 (0.92-0.98) 0.005

Heroin usea 1.4 � 0.68 4.0 (1.1-15) 0.03

More recent date of surgery 0.164 � 0.058 1.2 (1.05-1.3) 0.005

Death

Early hazard phase

Injection drug use relapse 2.5 � 0.88 12 (1.9-78) 0.008

Time to relapse 0.028 � 0.16 1.02 (0.75-1.4) 0.9

Estimates are based on a multivariable parametric analysis using multiphase hazard modeling. Education level
was inversely proportional to risk of lost to follow-up and for relapse in the early phase. Age was inversely
proportional to risk of relapse in the constant phase. Injection heroin use and more recent surgery date had a
higher risk of relapse. For death, “injection drug use relapse” was entered as a time-varying covariate (patients
who relapsed had a higher risk of early mortality, but time to relapse did not significantly affect survival).
aSelf-reported heroin use may actually be any opioid and in recent years is primarily a fentanyl derivative with
filler.
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disease related to injection drug use. Prolonged hos-
pitalization also related to difficulty in placing pa-
tients in rehabilitation facilities. In total, 147 patients
(66%) were discharged to a skilled nursing or other
medical facility (of whom 16 [11%] went to a facility
with access to intensive outpatient addiction ther-
apy); 68 (30%) were discharged home. A total of
19 recent patients (8.4% of those discharged) were
enrolled in MOSAIC and 10 (4.4%) in SOAR.

The remaining 8 patients (3.6%) left against med-
ical advice, 4 of whom had a relapse (3 died and
1 underwent reoperation for recurrent infective
endocarditis during follow-up), 1 is alive without
relapse, 1 is alive without relapse but presented back
with pulmonary allograft stenosis, 1 has no records
except for being incarcerated at one point, and 1 is
lost to follow-up.

TIME-RELATED OUTCOMES. Lost to follow-up. A total
of 36 patients were lost to follow-up after surgery, 6
immediately or within the first month after
discharge, 1 of whom left against medical advice.
Conditional probability of loss to follow-up at
6 months and 1, 3, and 5 years was 11% (68% CI: 8%-
15%), 16% (68% CI: 13%-22%), 37% (68% CI: 28%-
43%), and 59% (68% CI: 44%-65%), respectively
(Figure 2A). Patients diagnosed with anxiety or
mood disorders were less likely to be lost, as were
Downloaded for Anonymous User (n/a) at Brazilian Society of Cardiology f
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patients with a higher education level (Table 3,
Figures 2B to 2D, Supplemental Figure 2).

In ject ion drug use re lapse . Of the 223 patients
discharged, 103 were known to have injection drug
use relapse by end of follow-up. Conditional proba-
bility of relapse at 6 months and 1, 3, and 5 years was
estimated to be 13% (68% CI: 10%-16%), 32% (68% CI:
28%-34%), 62% (68% CI: 56%-65%), and 79% (68% CI:
74%-83%), respectively (Figure 3A). The highest
relapse risk was within the first year, peaking at 40%
per year at 9 months; after 2 years, risk was 17% per
year (Figure 3A, inset). Younger age, injection heroin
use (Figure 3B), and education level below high school
graduate (Figure 3C) were risk factors for relapse
(Table 3, Supplemental Figure 3). No trend was
evident in prevalence of relapse across the study
period (Figure 4).

Of the 103 who relapsed, 61 had recurrent infective
endocarditis, 38 of whom underwent reoperation.
Reasons for not undergoing repeat surgery were
addiction treatment first (n ¼ 11), not a surgical
candidate because of severe comorbidities or multi-
system organ failure (n ¼ 6), patient not compliant or
amenable to surgery (n ¼ 2), death before surgical
consideration (n ¼ 1), or multiples of these reasons
(n ¼ 3).
Death . During follow-up, 104 deaths were confirmed.
Of these, 4 were hospital deaths after surgery. Mode
of death was unknown in 69 (although 38 had known
relapse after their most recent surgery), 17 from
sequelae and complications of recurrent infective
endocarditis associated with injection drug use, 4
from sequelae and complications of recurrent infec-
tive endocarditis not associated with known injection
drug use, 3 from drug overdose, 4 from heart failure
or cardiac arrest, and 3 from noncardiac causes.

Conditional probability of death at 6 months and 1,
3, and 5 years was estimated to be 11% (68% CI: 10%-
13%), 21% (68% CI: 18%-23%), 48% (68% CI: 45%-
50%), and 68% (68% CI: 62%-72%), with median time
to death of 3.2 years (Figure 5A). Relapse was associ-
ated with early mortality (Table 3, Figure 5B); no other
risk factor for death was identified.

DISCUSSION

PRINCIPAL FINDINGS. The most common self-
reported injection drug among PWID presenting
with infective endocarditis requiring surgery was
heroin, although the Ohio Department of Health and
federal agencies have come to believe that “heroin” is
now primarily a fentanyl derivative with fillers.
Among these PWID, whose average age was 36 years,
there was a high prevalence of psychosocial
rom ClinicalKey.com by Elsevier on March 19, 
ght ©2024. Elsevier Inc. All rights reserved.
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FIGURE 3 Injection Drug Use Relapse After Surgery for Infective Endocarditis
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(A) Conditional probability of injection drug use relapse after surgery for infective endocarditis among persons who inject drugs. Nonparametric conditional probability

estimates (symbols) are accompanied by 68% confidence bars (equivalent to �1 SE), and the solid black line represents parametric estimates enclosed within a 68%

dashed confidence band. Inset: Instantaneous risk (hazard function) of relapse. Solid line depicts parametric estimate enclosed within a 68% confidence band. Two

phases of risk were resolved: an early risk of relapse during the first year, peaking at 9 months at 42%/year (CI: 35%-50%), and a constant phase of risk after 2 years of

18%/year (CI: 15%-21%). (B) Effect of age and heroin use on 1-year conditional probability of injection drug use relapse. These are partial dependency plots from

random forest competing risk analysis. Younger patients with injection heroin use had the highest 1-year relapse. Note that when people self-report heroin use, this

may actually be any opioid and in recent years is primarily a fentanyl derivative with filler. Symbols are spaced at every 2 percentiles of age at which risk-adjusted

estimates were made. (C) Effect of education on conditional probability of injection drug use relapse. Unadjusted estimates are stratified by highest level of education

(P[log-rank] ¼ 0.001). Each symbol represents a relapse, and vertical bars are 68% confidence limits.
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FIGURE 4 Injection Drug Use Relapse and Timeline of Initiating Addiction Programs
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Partial dependency graph of conditional probability of 1-year injection drug use relapse. Superimposed are the many initiatives introduced in attempting to

rehabilitate patients who inject drugs (PWID) before and after their surgery for infective endocarditis (IE). These seem to have had little effectiveness in

preventing relapse. LTACH ¼ long-term acute care hospital; MOSAIC ¼ Management of Substance Use Disorder and Heart Infections in Cardiovascular

Patients; SOAR ¼ Supporting Opioid Addiction Recovery.
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comorbidities. After surgery, follow-up was chal-
lenging, with many becoming lost to follow-up sur-
veillance; we determined that this led to
underestimation of injection drug use relapse and an
even greater underestimation of mortality (see
Supplemental Methods 1). Injection drug use relapse
postsurgery was high, and mortality was astonish-
ingly high in this young patient population and
similar to what we had observed in an earlier
cohort.10 The highest risk for relapse occurred within
the first year after surgery. Despite our evolving
addiction treatment and surveillance strategies over
the decade, our analyses indicate that injection drug
use continues unabated (Central Illustration). Thus, of
the 2 lethal diseases—opioid addiction and infective
endocarditis—we sadly report that opioid addiction
Downloaded for Anonymous User (n/a) at Brazilian Society of Cardiology f
2024. For personal use only. No other uses without permission. Copyri
was more lethal than advanced infective endocarditis
treated with surgery.
Impl i cat ions of loss to fo l low-up. Despite all ef-
forts to track these patients, many became untrace-
able. Thus, accurate estimates of prevalence of
relapse, infective endocarditis recurrence, and death
from overdose are compromised. Therefore, we
incorporated lost to follow-up as a separate event in a
competing-risks analysis to estimate the conditional
probability of relapse and death had patients not been
lost. This revealed that death, even more than injec-
tion drug use relapse, was likely substantially under-
represented (see Supplemental Methods 1).
Impl i cat ions of re lapse . Although relapse is high
by 5 years after surgery, the most important finding
was that risk of relapse peaked at 9 months
rom ClinicalKey.com by Elsevier on March 19, 
ght ©2024. Elsevier Inc. All rights reserved.
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FIGURE 5 Death After Surgery for Infective Endocarditis Among PWID
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(A) Time-related conditional probability of mortality after surgery for infective endo-

carditis in persons who inject drugs (PWID). Nonparametric probability estimates

(symbols) are accompanied by 68% confidence bars (equivalent to �1 SE), and para-

metric estimates are enclosed within 68% dashed confidence bands. Number of patients

at risk is shown below horizontal axis. Inset: Instantaneous risk (hazard function) of

death. Solid line depicts parametric estimate enclosed within a 68% confidence band.

(B) Effect of injection drug use relapse on mortality as a time-related variable. These are

unadjusted cumulative probability curves. For the blue line, time zero is the time of

surgery; for the red line, time zero is time of relapse. Each symbol represents a death,

and vertical bars are 68% confidence limits. IDU ¼ injection drug use.
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postoperatively. With a multifaceted problem like
fighting injection drug use and addiction, it suggests
focusing close clinical follow-up efforts on this
vulnerable first year after surgery. Specifically, during
that time, our data suggest that these patients should
be offered rehabilitation, medication assistance,
psychiatric counseling, medication for mood or anx-
iety disorders, homelife assessment to ensure a safe
home environment and family support, and close
follow-up with a member of the endocarditis team.

Younger age, heroin use, and education level
below high school graduate were predictors of
relapse.21 These factors can help identify patients at
highest risk of relapse, who may require a tailored
care plan that includes addressing addiction first, if
clinically possible.

Impl i cat ions of death . The 5-year mortality among
these young patients was shocking and was no better
now than in our earlier study.10 Usually, the mode of
death could not be determined, but almost one-half
of such patients had known relapse. It is reasonable
to infer that the major cause of unknown deaths was
fatal injection drug overdose or complications from
recurrent infective endocarditis caused by injection
drug use.7

COMPLEXITY OF SIMULTANEOUSLY TREATING 2

POTENTIALLY LETHAL DISEASES. The American
Association for Thoracic Surgery guidelines indicate
that ideally, patients with infective endocarditis
should be cared for at centers with a comprehensive
endocarditis team.22 Early outcomes in the current
study are excellent and are equivalent to those of
patients without opioid addiction. Given these re-
sults, Baldassarri et al6 argue that surgery for infec-
tive endocarditis in this setting, like any other
setting, is generally not futile, and therefore it is not
ethical to withhold surgery, even if there is a high
likelihood of recidivism leading to recurrent endo-
carditis and reoperations.

In contrast to successful surgical treatment of
infective endocarditis, addiction to injection drugs is
difficult to treat successfully and is compounded by
social issues and psychiatric/psychologic illnesses.
We have believed that a holistic approach by an
engaged multidisciplinary team is needed to address
all aspects and issues, with goals of maintaining
surveillance, preventing relapse and thereby avoiding
infective endocarditis recurrence, and keeping these
patients alive. This has included addiction/substance
use disorder evaluation by an addiction specialist
from the psychiatry team, perioperative pain control,
and postoperative addiction treatment and rehabili-
tation planning.
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CENTRAL ILLUSTRATION Management and Fate of Persons With Infective Endocarditis Who Inject Drugs:
2 Lethal Diseases
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Management of persons who inject drugs and have infective endocarditis—2 potentially lethal diseases—has evolved over time. Shown are timelines for any history of

medication for opioid use disorder (MOUD) before surgery for infective endocarditis, the proportion evaluated by in-hospital psychiatry before surgery in red, and the

proportion receiving MOUD at hospital discharge in blue. At hospital discharge, few have been discharged to home; most have gone to extended care and rehabilitation

facilities. Three competing risks then attend these patients after surgery: 1) they become lost to follow-up (26% by 5 years); 2) they have injection drug use relapse

(79% by 5 years) and with that recurrent endocarditis; and 3) they die (64% by 5 years). Risk factors are dominated by psychosocial issues, such that we conclude

that surgery for infective endocarditis is quite safe; it is infection drug use that is killing them in what should be the prime of life (average age at presentation is

36 years).
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However, our results are depressing! As evidenced
by the timelines presented in Figure 3, our progres-
sive introduction of more and more of these sup-
portive elements23-25 has provided no evidence of
preventing either relapse or death.
IS THERE A WAY FORWARD? Preoperative planning. We
are considering a “bridge to surgery” approach for
Downloaded for Anonymous User (n/a) at Brazilian Society of Cardiology f
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stable patients presenting with right-sided
endocarditis,26 addressing the addiction first, use of
antibiotics, and close follow-up. The rationale is,
first, that right-sided endocarditis tends not to be
invasive; and second, that addressing addiction
before surgery combined with rehabilitation services
postoperatively and close follow-up may reduce
rom ClinicalKey.com by Elsevier on March 19, 
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early postoperative relapse, particularly in those at
high risk of relapse.
Postoperat ive plann ing . Discharging PWID with
MOUD after surgery for infective endocarditis has
been reported to be of small or no mortality
benefit.27,28 However, meta-analysis of PWID without
infective endocarditis demonstrates benefit.29 In
our study, use of MOUD at discharge was not pre-
dictive of preventing relapse. Yet, previous studies on
MOUD29-31 and anecdotal feedback from our follow-
up study suggest that MOUD has been an effective
resource for some patients, and thus it is worthwhile
to continue the program. However, not all hospitals
offer this.31,32

Discharge to rehabilitation facilities with addiction
therapy competence is also hoped to improve out-
comes.33 Such programs are new in Ohio; hence, this
resource is not frequently available to us. Harm
reduction programs, eg, naloxone in multiple
venues, are another resource that may prevent
overdose and death.34 Nevertheless, there remain
numerous barriers to addiction recovery—personal,
health care, and societal—that need to be addressed
at each level.35

At this point, it is too early to know if our internal
MOSAIC and State of Ohio SOAR programs will prove
to be effective. Results of this study suggest that the
programs should refocus on the first postoperative
year.

Risk factors include younger age and lower
educational status, suggesting that it may be valuable
to develop community or sponsored outreach that
offers focused therapy for these patients after
discharge, including education, job training, coun-
seling, and care in a halfway house setting. This
would require financial support but might be some-
thing in which communities and business leaders
would be willing to invest.

STUDY LIMITATIONS. Generalization from our study
is limited by its observational nature from a single
institution. The self-reported psychiatric/psychologic
conditions reported were accepted as documented in
the medical record, and categorization may not be in
accord with criteria of the Diagnostic and Statistical
Manual of Mental Disorders.36 Unfortunately, we do
not have the initiating event for opioid addiction, eg,
whether it was related to prescriptions for pain. The
unusual and extreme difficulty of achieving complete
follow-up is not only a limitation but also an impor-
tant finding. The information we have does not
include possible periods of noncompliance before last
follow-up or verified relapse. Accurate categorization
of modes of death was difficult.
Downloaded for Anonymous User (n/a) at Brazilian
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CONCLUSIONS

For PWID with infective endocarditis requiring sur-
gery, the addiction is far more lethal than infective
endocarditis alone. With underlying social, educa-
tional, and psychiatric/psychologic issues, the com-
bination led to an astonishingly high mortality in
these young individuals, unabated from our earlier
study, despite effective surgery for infective endo-
carditis performed with low mortality.

Although our strategies and efforts to prevent in-
jection drug use relapse for PWID in this study time-
frame seem ineffective, we continue to believe it is
possible to do better. A treatment algorithm must
include a multidisciplinary team that can address
addiction and all underlying psychosocial issues,
discharge planning, consideration of MOUD, treat-
ment of psychiatric or psychologic disorders,
choosing a rehabilitation facility with access to
outpatient intensive addiction therapy, search for a
safe environment after the rehabilitation facility, and
close follow-up, especially during the first post-
operative year. Time will tell if the described current
and new strategies are more effective than those of
the past. Without more effective programs, we will
continue to experience a major loss to society of in-
dividuals in their prime of life.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND

PROCEDURAL SKILLS: In patients with a history of

injected drug use, the first year after successful surgery

for infective endocarditis is associated with high risks of

relapse to opioid use, loss to follow-up, recurrent infec-

tion, and death caused by overdose or cardiac

complications.

TRANSLATIONAL OUTLOOK: Greater efforts are

needed to provide patients having a history of injected

drug use with rehabilitation, psychological counseling,

pharmacotherapy for psychiatric disorders, and social

services to ensure a safe home environment, family sup-

port, and close medical follow-up after treatment of

infective endocarditis.
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