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Background: Recent literature has demonstrated that partial oral antibiotic treatment of infectious endocarditis
is non-inferior to IV therapy in select patients. Despite the rising incidence of injection drug use-related endo-
carditis, partial oral therapy has not been well studied in persons who inject drugs.

Objectives: To evaluate the rate of relapsed infection and 90 day mortality in patients with infectious endocar-
ditis treated with partial oral antibiotic therapy.

Methods: Consecutive patients with infectious endocarditis treated with partial oral antibiotic therapy were
identified by study investigators and reviewed by independent clinicians. The decision to use partial oral anti-
biotic therapy was made by the institution’s multidisciplinary endocarditis team.

Results: In 11 cases of infective endocarditis treated with partial oral antibiotic therapy, 9 of which were com-
plicated by injection drug use, there were no relapsed infections with the primary organism. Five patients under-
went surgical valve replacement, and the median duration of oral antibiotic therapy was 23 days. All patients
survived to in-hospital discharge and 90 days post-discharge. Ten patients followed up with an infectious dis-
eases provider after discharge.

Conclusions: These data add to existing literature demonstrating non-inferior outcomes with partial oral anti-
biotic treatment when compared with IV antibiotic treatment alone in patients with endocarditis, including per-
sons who inject drugs.

Introduction
Infective endocarditis (IE) is associated with significantmorbidity
and mortality and has an increasing incidence in the USA.
Management decisions are often complex regarding optimal
duration and selection of antibiotic therapy and consideration
of valve surgery. Both the American Heart Association and
European Society of Cardiology have published consensus treat-
ment guidelines that include antibiotic recommendations.1

While these guidelines make brief mention of potential oral anti-
biotic regimens, the standard of care for treating IE is currently IV
antibiotic therapy, typically for a period of 4–6 weeks.1 While IV
therapy can often be successfully completed in the outpatient
setting, this typically necessitates the placement of a

peripherally inserted central catheter (PICC). This carries risk of
infection and thromboembolism and often requires the patient
to have stable housing or disposition to amedical facility capable
of administering IV medications. Arranging reliable transporta-
tion and home health nursing for post-discharge follow-up can
be challenging as well.

Historically, there have been concerns that oral antibiotics
would not sufficiently sterilize a valvular vegetation and conse-
quently providers have been reluctant to use oral therapy for IE
patients. However, evidence suggests partial oral antibiotic
treatment may be an appropriate alternative to long term IV
antibiotics in certain patients.2,3 In 2020, Iversen et al.2 demon-
strated that de-escalating patients with left-sided endocarditis
to oral antibiotics after at least 10 days of IV treatment was
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non-inferior to completion of a full course of IV therapy.
Notably, only five patients in this study had a history of IVDU,
which is an increasing cause of IE in the USA.2,4,5 Persons
who inject drugs (PWIDs) have a substantial potential benefit
from partial oral treatment as they may have challenges
with the follow-up required with outpatient parenteral therapy
and are often refused admission to nursing facilities. As a re-
sult, these patients may remain hospitalized for several weeks
to receive antibiotics, incurring substantial costs.4–6 PWIDs are
also noted to have higher rates of patient-directed discharges.
Despite this, a study of 293 PWIDs with patient-directed dis-
charges observed a reduction in 90 day all-cause readmission
in patients who were prescribed oral antibiotics.3 We report
our experience treating 11 cases of IE with partial oral anti-
biotic therapy.

Methods
Oral antibiotic protocol
The cardiovascular infectious diseases consultation service, in conjunc-
tion with the hospital’s antimicrobial stewardship team, developed an
evidence-based protocol outlining potential oral antibiotic regimens for
patients with IE caused by MSSA, CoNS, viridans streptococci and
Enterococcus faecalis (Appendix S1, available as Supplementary data at
JAC-AMR Online). Notably IE caused by MRSAwas not included in the pro-
tocol given the paucity of existing literature supporting the use of oral
therapy in these cases.2

Patient cases
Institutional review board exemption was obtained from the University of
Pittsburgh and consent was not required. Patients with IE treated with
partial oral antibiotics were selected by the hospital’s multidisciplinary
endocarditis team based on the pathogen, patient preference or desire
to leave the hospital, and eligibility of the patient for outpatient parent-
eral treatment as determined by the health system’s infusion company.
Patients were not offered oral therapy if MRSA was the aetiologic patho-
gen, they had other medical needs that required prolonged hospitaliza-
tion beyond the completion of the IV antibiotic course or if the decision
to treat with IV antibiotic therapy did not impact their disposition from
the hospital. This last exclusion criterion was designed to exclude pa-
tients who could receive IV antibiotic treatment in the outpatient setting
as this therapy is considered the ‘standard of care’ treatment by the
American Heart Association endocarditis guidelines.1 However, many in-
dividuals in the studied population who were medically stable for dis-
charge could not complete IV antibiotics at home solely because they
would not be accepted by a home health care agency or infusion com-
pany. Rather than confine these otherwise functional individuals to hos-
pitals or nursing facilities to complete IV therapy the investigators offered
oral antibiotics as an alternative treatment that, while not currently
‘standard of care’ has been shown to be non-inferior in a randomized
controlled trial.2 Patients with MRSA endocarditis were excluded, as high-
lighted above, due to the limited existing data for partial oral antibiotic
treatment of IE secondary to this pathogen.2 Oral therapy was offered
to all remaining patients, including those in whom the decision to use
IV antibiotics necessitated that the patients remain in the hospital or
at a skilled nursing facility to complete treatment when they could other-
wise have been discharged home. Oral antibiotic selection and treatment
courses were also determined by themultidisciplinary endocarditis team,
in accordance with the previously approved protocol. Patient charts were
then retrospectively reviewed by two physicians at least 60 days from
their hospitalization.

Results
Between 1 November 2020 and 1 June 2021, 70 cases of IE diag-
nosed by the institution’s multidisciplinary endocarditis team
were identified. Fifty-nine cases were excluded from the oral
therapy arm. We identified 11 cases of IE among 9 patients
who were treated with partial oral therapy (Table 1). The median
age was 32 years (IQR31–38) and 36.7% were women. The med-
ian Charlson Comorbidity Score was 0 (range 0–2). Nine of 11 cases
were suspected to be caused by IVDU, with the remaining 2 cases
thought to be secondary to a dental infection and thrombophle-
bitis, respectively. Seven patients were on medication-assisted
treatment for opioid use disorder at the time of hospital dis-
charge, with one patient onmethadone therapy and the remain-
ing six patients prescribed buprenorphine-based therapy. Nine
cases involved patients with prior episodes of infective endocar-
ditis, and seven involved prosthetic valves. Four cases involved
the tricuspid valve, five cases involved the mitral valve and two
cases involved the aortic valve.

Of the 11 cases, 9 had positive blood or valve cultures. Blood
cultures were successfully sterilized in all cases prior to dis-
charge. Ten cases had visible valve vegetations. The case without
a definite vegetation along with both cases with negative blood
cultures who did not undergo valve surgery met modified Duke
criteria for definite endocarditis.7 Seven patients experienced
complications of endocarditis, including three patients who suf-
fered embolic strokes. In five cases source control was pursued
with surgical management. In four patients with prosthetic valve
endocarditis secondary to IV drug use, redo surgery was not of-
fered at the time of admission due to concerns about patients’
ongoing substance use. In the remaining two patients, surgical
indications were not present in one and surgery was deferred
in the other due to increased surgical risk related to the patient’s
elevated BMI. Median total time on IV antibiotics was 13 days
(IQR 4–22). The median time on oral antibiotics was 23 days
(IQR 12–38). All patients completed a minimum of 28 days of to-
tal antibiotic treatment.

All patients survived to hospital discharge. Ten patients fol-
lowed up with an infectious diseases provider for a post-
hospitalization appointment, including five via telemedicine.
The median duration of follow-up was 41 days (range 16–
134 days). Five patients underwent outpatient laboratory evalu-
ation while on oral antibiotics, which included a complete blood
count in four cases, a complete metabolic panel in four cases,
and a basic metabolic panel in one patient. Overall, oral therapy
was well tolerated; none of the patients required a switch to al-
ternative oral therapy due to adverse effects. Notably, two pa-
tients developed recurrent episodes of endocarditis in the
setting of ongoing IVDU, including one diagnosed with a different
aetiologic microorganism who re-presented 3 months after the
index hospitalization and one who previously had culture-
negative endocarditis and then presented 4 months after the
first episode with Streptococcus mitis IE.

Reasons for partial oral treatment
Four patients desired discharge to home and were not approved
by the health system’s infusion or home care companies. One
patient wished to discharge to a nursing facility for treatment
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but there were no accepting facilities. Two patients had docu-
mented patient-directed discharges. One patient declined IV
therapy. One patient was initially discharged home on IV antibio-
tics and developed a PICC complication that necessitated a tran-
sition to oral antibiotic therapy. One patient was discharged to a
medical respite programmewith a PICC and then requested early
discharge from this facility and was transitioned to an oral regi-
men. One patient with Candida albicans endocarditis who under-
went tricuspid valve replacement was treated with oral
fluconazole given the high bioavailability of this medication.8

Discussion
In this case series, we highlight the successful treatment of 11 IE
cases, including 9 secondary to IVDU, with partial oral antibiotic
therapy. This study primarily evaluated patients with comorbid
IVDU, a population frequently excluded from other studies asses-
sing the role of oral antibiotic therapy. Although small, this retro-
spective series demonstrates the real-world applicability of a
step-down approach to endocarditis treatment, previously out-
lined in a randomized controlled trial by Iversen et al.2 In that
study, all patients received at least 10 days of IV antibiotic ther-
apy prior to transitioning to oral treatment. Notably three pa-
tients in this series received ,10 days of IV treatment before
switching to an oral regimen. This finding suggests there may
be a subset of patients in which even shorter durations of IV
treatment are necessary and should be an area of further inves-
tigation. The duration of treatment was guided by a multidisci-
plinary endocarditis team using an evidence-based approach.
When possible, patients with native valve streptococcal endocar-
ditis or culture negative endocarditis were treated with�28 days
of therapy, per American Heart Association guidelines.1

Additionally, patients who underwent surgical intervention
were at times treated with 2 weeks of therapy from their opera-
tive date, provided they had no other metastatic sites of
infection.9

There are several patient and health system barriers to pro-
viding treatment to endocarditis PWIDs. As highlighted by this
study, five patients desired discharge either home or to a nursing
facility but were denied by either the nursing facility or by home
infusion and home care companies. This finding is consistent
with other published research from Massachusetts, which de-
monstrated that 37.4% of opioid-use disorder hospitalizations
in that state were associated with at least one referral rejection
that included discriminatory content from a post-acute care fa-
cility.10 Without transitioning to an oral regimen these patients
would likely have stayed in the hospital for the entirety of their
antibiotic course. In addition to the costs to the healthcare sys-
tem, long hospital stays also increase the risk of patient-directed
discharge, which may be as high as 20% in patients with
IVDU-related endocarditis.11

Although there were no relapsed infections with the initial mi-
croorganism, one patient developed recurrent IE with a new bac-
terium and one patient who previously had culture negative
endocarditis developed endocarditis due to S. mitis. Both of these
cases occurred in the setting of ongoing IVDU. While partial oral
antibiotic treatment can be effective, if the underlying substance
use disorder is not addressed patients will remain at continued
risk for subsequent IE episodes. All patients in the cohort who

had associated IVDU were seen by the hospital’s addiction med-
icine consult service. All seven patients were also initiated on
medication-assisted treatment, including one who was treated
with methadone and six treated with buprenorphine. The con-
current use of rifampicin has the potential to induce metabolism
of methadone and the patient discharged on methadone was
monitored closely as an inpatient after initiation of rifampicin
to ensure they did not develop precipitated opiate withdrawal.

This limited retrospective case series builds upon the estab-
lished literature, including a 400 patient randomized control trial,
which has demonstrated the non-inferiority of partial oral anti-
biotic treatment compared with IV therapy for IE. Our findings
suggest that it may be reasonable for providers to consider a
step-down approach in IE patients, including those with IVDU
or those who would prefer to avoid the potential complications
of long-term IV antibiotic administration.
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