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CENTRAL MESSAGE

Successful treatment of patients
with injection drug use–related
endocarditis requires multidisci-
plinary collaboration to simulta-
neously treat endocarditis and
addiction.

See Commentary on page 321.
The opioid epidemic in the United States is accompanied
by the increasing incidence of injection drug use–related infec-
tive endocarditis (IDU-IE).1,2 Cardiac surgeons are increas-
ingly faced with this complex patient population, with one-
third of valve operations for endocarditis related to drug
use.1,3 The technical challenges of operative management
are compounded by the complexities surrounding the decision
to offer the operation to patients with IDU-IE. Because the risk
and consequence of substance use relapse in the absence of
addiction treatment after the operation are substantial,4 sur-
geons must work closely with a multidisciplinary team that
comprises not only cardiology, internal medicine, and infec-
tious disease, but also addiction medicine or addiction psychi-
atry, social work, nursing, and sometimes ethics experts to
develop careful and comprehensive treatment strategies for pa-
tients (Figure 1). Ensuring that IDU-IE patients receive multi-
disciplinary care is important, because the treatment that
patients with addiction receive is often less than those recom-
mended in guidelines.5 Surgical and nonsurgical treatment op-
tions for drug-related infective endocarditis (IE) continues to
evolve, including less invasive approaches such as the use of
aspiration catheter systems, the potential safety of postopera-
tive oral rather than intravenous (I.V.) antibiotic treatment,
and a multimodal approach to addiction treatment. In this
Expert Opinion article, we explore the frontiers in themanage-
ment of IDU-IE patients relevant to cardiac surgeons.
EVOLVING BURDEN OF INJECTION DRUG USE–
RELATED ENDOCARDITIS IN THE UNITED
STATES

Understanding the evolving burden of IDU-IE allows us
to appreciate the challenges unique to the current wave of
the US opioid epidemic. The current opioid epidemic in
the United States is among the worst in the world, with
approximately 130 deaths from an opioid overdose each
day.6 Other countries, especially Canada and European
countries, also suffer from an increase in opioid
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prescriptions per patient for the past 15 years,7,8 although
fortunately this has not translated into the magnitude of
epidemic seen in the United States. Three waves of U.S.
opioid epidemics have occurred, starting in the 1990s,
2010, and 2013, with each having distinct patient character-
istics and substance of choice (Figure 2).9 The latest wave is
characterized by predominant occurrence in urban set-
tings,10 affecting an increasing proportion of young patients
with approximately 30% of death related to overdose
occurring in those younger than 25 years old. This is also
a socioeconomically disadvantaged population with a his-
tory of incarceration in 58% of cases and with 22% with
a history of homelessness.11 Geographically, East South
Central and South Atlantic regions bear the heaviest disease
burden.3 Such shifting demographic characteristics of pa-
tients affected by the opioid epidemic in turn changed the
population with IDU-IE with whom surgeons are faced.
OPERATIVE INDICATIONS AND
CONSIDERATIONS FOR INJECTION DRUG
USE–RELATED ENDOCARDITIS
Guidelines have variably defined operative indications

for endocarditis in the setting of injection drug use. The
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FIGURE 1. Multidisciplinary team to treat injection drug use–related

endocarditis.
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decision to offer operation revolves around the complexity
of simultaneously treating 2 diseases: endocarditis and
addiction. Additionally, in considering the chronic relaps-
ing nature of addiction and risk of reinfection related to
recurrent drug use, the traditional framework of periopera-
tive and long-term survival to define the benefit of operation
might not readily apply in forming recommendations as
they do in other cardiovascular diseases. Perhaps as a result,
American and European guidelines differ in their recom-
mendations. For example, the 2015 European Society of
Cardiology (ESC) guideline generally discourages right-
sided valve operation for endocarditis related to injection
drug use outside of conservative criteria,12 whereas the
2014 American Heart Association/American College of
Cardiology guideline does not recommend indications spe-
cific to IDU-IE13; in contrast, The American Association
for Thoracic Surgery guideline recommends applying the
same operative indication for non–IDU-IE, taking addiction
into account.14 Multidisciplinary discussion, including the
patient and the family, should be a default process.We agree
with the ESC recommendation that operations should be
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considered for those with right heart failure related to
tricuspid regurgitation, persistent infection due to fastidious
organisms, and large (>20 mm) tricuspid vegetations with a
high pulmonary embolic burden.

There are less extensive operative and procedural ap-
proaches to tricuspid endocarditis, although with undefined
long-term outcomes. These include the use of an aspiration
catheter system,15 and tricuspid valvectomy,16 in which the
tricuspid valve is excised without replacement with a pros-
thetic valve. Although the perioperative risk tends to be
lower with these approaches that do not result in a complete
replacement of the valve with a shorter or no cardiopulmo-
nary bypass run, rigorous follow-up data are lacking. An
aspiration catheter system might result in incomplete
removal of infected tissue and valvectomy might have
adverse effects on the right ventricular and liver function
related to severe tricuspid regurgitation. Therefore, these
approaches should not be a routine treatment option at
this juncture. The less invasive nature of aspiration catheter
systems might offer a salvage treatment to carefully
selected patients with high embolic burden who cannot un-
dergo operative removal of the infected tissue.

The choice of prosthetic valve is controversial in this pa-
tient group. In the general population, mechanical valve is
preferred over bioprosthetic valve in young patients including
the age range commonly represented in IDU-IE patients.
However, mechanical valve requires strict adherence to a
warfarin regimen and regular blood draws. Such an intensive
regimen is often not compatible with the lifestyles of patients
with IDU-IE. Considering that 5-year survival of patients
with injection drug use is 62%, a substantial portion of the
patients might not outlive the first bioprosthetic valve.17

Therefore, a bioprosthetic valve might be a reasonable option
in this population despite their young age.

Ultimately, the decision to offer surgery should be on
the basis of a multidisciplinary discussion between cardiac
surgery, referring medical specialty, infectious disease,
and addiction medicine or addiction psychiatry. The pa-
tient, family, and legal representatives (more commonly
in European countries)18 should be involved in this process
as well. Pertinent outcome-related data are: (1) reopera-
tion for IDU-IE is associated with increased risk of periop-
erative mortality,19 (2) the leading cause of death within
several years of valve operation for IDU-IE might be
related to recurrent drug use,20 (3) untreated addiction
has a poor prognosis, and (4) addiction treatment with
and without pharmacologic means will substantially in-
crease the chance of achieving sobriety and addiction re-
covery. Although data on outcomes specific to IDU-IE
are evolving, clinical outcomes data alone are insufficient
to guide satisfactory decision-making especially in the re-
operative setting, because the treatment decision requires
integration of multiple specialties and addiction treatment
approaches.
ETHICAL CONSIDERATIONS IN THE DECISION
TO OPERATE
DiMaio and colleagues21 have outlined a useful frame-

work to navigate conflicting ethical principles of a decision
to deny or offer reoperation, including balancing physi-
cians’ obligation to the patient (to treat those with medical
needs) and the society (allocation of scarce resources). Ar-
guments advocating that surgeons can refuse the operation
includes the utilitarian view of maximizing the good of
others by triaging resource away when poor outcomes are
expected after the resource-intensive operation in patients
with high risk of recurrent drug use. Arguments that sur-
geons cannot deny the operation include the view that phy-
sicians should not engage in the allocation of scarce health
care resources, as coded in the American Medical Associa-
tion’s Code of Medical Ethics.22

In resource-rich countries such as the United States, sur-
geons might have the luxury of offering the operation for
IDU-IEwithout immediate resource constraints. Such is often
not the case for resource-poor countries23 and as the extreme
situations in the COVID pandemic taught us, even extremely
wealthy countries like the United States are vulnerable to sit-
uations that call for triaging immediate life support such as a
mechanical ventilator.24 On a daily basis, cardiac surgeons
engage themselves in the allocationof thedonor heart, a scarce
resource, even though the visceral weight of the decision is
blunted by the nonhuman, algorithmic working of the organ
allocation system. Therefore, a blanket statement that sur-
geons should not be involved in triaging health care resources
does not reflect the reality of surgeons already playing the role.
Additionally, we must be mindful that the decision to offer a
resource-intensive operation to the patient is always accompa-
nied by the indirect, downstream deprivation of resources
from somewhere else, although it might not be perceptible
within the narrow framework of individual patient–
physician interaction. In this regard, surgeonsmust bemindful
of the broader public health and health economics perspective.
Because of this highly contextualized and nuanced

consideration, standardization of the practice might not be
the goal. A national survey of cardiac surgeons revealed
substantial variability in their willingness and policy in of-
fering a second valve operation for patients with IDU-IE.
Because the optimal process of reaching the decision occurs
locally, it is important that surgeons and the multidisci-
plinary teams be familiar with the multitude of arguments
for and against reoperation to allow for productive discus-
sion and thorough considerations of conflicting principles
to reach a collective decision.
POTENTIAL SAFETY OF POSTOPERATIVE ORAL
ANTIBIOTICS
With regard to the optimal antibiotic regimen in the post-

operative phase of patients with IE, The American
JTCVS Open c Volume 8, Number C 317
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Association for Thoracic Surgery,14 American Heart Asso-
ciation,25 and ESC12 recommend I.V. antibiotic treatment
for up to 6 weeks, with the possibility of adjusting regimen
and duration depending on the causative organism and its
sensitivity. The I.V. administration of antibiotics in patients
with drug-related endocarditis is complicated for the main-
tenance of an indwelling catheter and possibility of the es-
tablished I.V. access increasing the risk of recurrent drug
use. To mitigate such risks, it is not uncommon for patients
who have difficulty of being placed in rehabilitation facil-
ities to be kept as inpatients for a prolonged period of
time solely for the administration of I.V. antibiotics.

In such circumstances, oral antibiotic treatment is an
attractive alternative. A multicenter randomized trial
showed noninferiority of oral antibiotic regimens in patients
with left-sided IE with Streptococcus species, Enterococcus
faecalis, Staphylococcus aureus, or coagulase-negative
staphylococci.26 The primary outcome was a composite of
all-cause mortality, embolic events, unplanned cardiac sur-
gery, or bacteremia relapse with the primary pathogen,
which occurred in 9.0% in the oral group versus 12.1%
in the I.V. group (odds ratio, 0.72; 95% CI, 0.37-1.36),
with a between-group difference of 3.1 percentage points,
which met the noninferiority criterion. The study expect-
edly showed a significantly shorter median length of hospi-
tal stay after randomization in the oral antibiotics arm
compared with the I.V. antibiotics arm (3 vs 19 days;
P < .001). It should be noted that patients with IDU-IE
only comprised 1.3% (5/400) of the study participants.
However, this should not be seen as the limitation toward
generalizability of the results to the IDU-IE population,
because most organisms isolated in IDU-IE is Staphylo-
coccus species,2 which was well–represented in the trial.

INTEGRATING ADDICTION TREATMENT IN THE
CARE OF PATIENTS WITH IDU-IE

In the past 15 years, there has been more than a 60% in-
crease in the incidence of patients seeking hospitalization
related to an opioid use disorder in parallel with increases
of patients being treated for IDU-IE.2 Treatment models
of patients with IDU-IE have historically focused on treat-
ing patients’ symptoms but not their underlying disease of
addiction leading to poor surgical and patient outcomes.27

Treating IDU-IE without addressing a patient’s addiction
often operates on the misunderstanding that addiction is a
choice and patients can abstain through willpower alone.
Advances in the neurobiology of addiction, however, eluci-
date that addiction is a chronic medical disease of the brain
that impairs decision-making and continues despite harms,
including serious health conditions like IDU-IE.28 Similar
to other chronic diseases, addiction is treatable with
evidence-based therapies and longitudinal care.29

Fifty-year experience of the specialty shows that there are
highly effective treatments for opioid use disorder, the
318 JTCVS Open c December 2021
primary substance use disorder implicated in most cases
of IDU-IE, and patients who receive these treatments
have reduction of all-cause mortality, reduction of opioid
use, improved retention in addiction and medical treatment,
reduction in communicable disease risks, and reduced crim-
inal activity.30 However, highly effective addiction treat-
ment has remained largely siloed from most general
medical care, including hospital settings. This is changing
as specialty addiction medicine or addiction psychiatry con-
sult services have started operating in hospital settings. Inte-
grating addiction medicine/psychiatry consult services are
compelling for several reasons: (1) most hospitalized pa-
tients with addiction desire treatment to be initiated in the
hospital,31 and (2) addiction treatment provided in the hos-
pital improves outcomes such as reduced opioid use,
reduced hospital readmission rates, and increases retention
in addiction and medical care.32 Specifically in patients
with IDU-IE, receiving addiction treatment is associated
with nearly a 70% lower risk of mortality.33

Multidisciplinary teams have emerged as an effective
way to support clinical decision-making and complex
care of patients hospitalized with IDU-IE. Hospital sys-
tems might create such teams modeled after “transplant se-
lection committees” to formalize the process of evaluating
operative candidacy and other complex treatment deci-
sions. Such an approach can reduce the significant practice
variation. One of the first models of which we are aware
involves multidisciplinary input from addiction medicine,
cardiology, cardiothoracic surgery, infectious disease,
and social work at our center. The Multidisciplinary Endo-
carditis Evaluation Team at our center has shown feasi-
bility, acceptability, and positive patient outcomes such
as high antibiotic completion rate, retention in medical
and addiction treatment, and reduction of 30-day hospital
readmissions.

Even in the absence of a robust team, standardized
screening for tobacco, alcohol, and drug use and evalua-
tion for substance use disorder using evidence-based tools
can identify patients who would benefit from a formal
evaluation by addiction medicine or addiction psychiatry34

(Table 1). As a standard of practice, any patient with con-
cerning opioid use should be further evaluated and if found
to have opioid use disorder, offered treatments such as
methadone or buprenorphine in the hospital setting. To-
bacco use should also be addressed, and guideline-
directed treatments offered. Postdischarge care must be
arranged to address the chronic nature of addiction.
Because of the high rate of mortality and morbidity from
relapse to drug use in the setting of IDU-IE, long-term
treatment with medications is essential. Surgeons are
encouraged to collaborate with providers who can thor-
oughly evaluate patients for addiction, provide psychoso-
cial support, and offer these treatments in the inpatient
and outpatient setting.



TABLE 1. Commonly used screening, risk assessment, and diagnostic

tools for tobacco, alcohol, and other drugs

Tool Substance(s) included Purpose of tool

SISQ-Alc35,36,* Alcohol Screen for unhealthy

alcohol use

SISQ-Drug35,36,* Prescription Drugs,

other drugs

Screen for unhealthy

drug use

TAPS37,* Tobacco, alcohol,

prescription drugs,

other drugs

Risk assessment for

unhealthy drug and

alcohol use

DSM-5 Any substance Diagnose substance

use disorder

SISQ-Alc, Single-Item Screening Questions for Alcohol; SISQ-Drug, Single-Item

Screening Questions for Drug Use; TAPS, Tobacco, Alcohol, Prescription Medica-

tion, and Other Substance Use; DSM-5, Diagnostic and Statistical Manual of Mental

Disorders-Fifth Revision. *Screening and risk assessment tools that can be self-

administered.

Mori et al Adult: Endocarditis: Invited Expert Opinion
CONCLUSIONS
IDU-IE is a complex disease that often burdens those in

socioeconomically disadvantaged groups of the society.
Successful treatment requires simultaneous and thorough
management of addiction and endocarditis. Standard valve
replacement or valve repair techniques should be applied as
in patients with non–IDU-IE. Less extensive operative ap-
proaches, such as valvectomy or catheter-based aspiration
of vegetation, still lacks high-quality long-term data on
their safety and efficacy. The decision to offer valve oper-
ation in this patient population requires multidisciplinary
consideration of expected clinical benefit and the prospect
of recovery from addiction under the recognition that
health care resources are scarce. Increasing safety data on
oral antibiotics might aid in successful completion of the
required antibiotics course while reducing the hospital
length of stay. Involvement of addiction medicine or addic-
tion psychiatry service is essential to achieving the best
possible outcomes.
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