
https://doi.org/10.1177/20499361241280690 
https://doi.org/10.1177/20499361241280690

Ther Adv Infect Dis

2024, Vol. 11: 1–11

DOI: 10.1177/ 
20499361241280690

© The Author(s), 2024.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

journals.sagepub.com/home/tai	 1

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the Sage and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Therapeutic Advances in 
Infectious Disease

Management of isolated native tricuspid 
valve infective endocarditis by a 
multidisciplinary program: a single-center 
retrospective cohort study
Bennett Collis, Talal Alnabelsi, Evan Hall, Chloe Cao, Meredith Johnson, John Gurley,  
Luke Strnad, Hassan Reda, Tessa London, Erinn Ogburn, Michael Sekela, Bobbi Jo Stoner 
and Sami El-Dalati

Abstract
Background: Isolated native tricuspid valve infective endocarditis remains a challenging 
disease to treat given the large number of patients with substance use disorder. There 
is limited data on the optimal treatment strategy and the impact of a multidisciplinary 
endocarditis program on outcomes for this population.
Objectives: To assess the clinical outcomes associated with management of native tricuspid 
valve infective endocarditis by a multidisciplinary team.
Design: Single-center, retrospective cohort study.
Methods: Patient cases were identified from the registry of the institutional multidisciplinary 
endocarditis team. Patients with left-sided endocarditis, multivalvular endocarditis, prosthetic 
tricuspid valves and cardiac implantable electronic devices were excluded.
Results: Between September 7th, 2021 and February 1st, 2024 72 consecutive patients with 
isolated native tricuspid valve infective endocarditis were identified. Sixty-six (91.7%) patients 
were managed medically. Five patients underwent percutaneous mechanical aspiration of 
tricuspid valve vegetations and one patient underwent tricuspid valve replacement during the 
index hospitalization. In-hospital mortality was 1.4% and 90-day mortality was 2.8%. Nineteen 
(26.4%) patients discharged before medically advised and 25% were re-admitted within 30 days. 
Ten (13.9%) patients underwent elective tricuspid valve replacements after outpatient follow-up.
Conclusion: Among 72 patients with isolated native tricuspid valve infective endocarditis 
managed by a multidisciplinary endocarditis program over a 2.5-year period, in-hospital, 
90-day mortality and 1-year mortality were very low despite low rates of percutaneous 
mechanical aspiration and tricuspid valve surgery. Multidisciplinary follow-up can lead to 
elective tricuspid valve surgery in a delayed fashion.
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Background
Right-sided infective endocarditis (RSIE) com-
prises 5%–10% of all infectious endocarditis (IE) 
in adults.1–6 The tricuspid valve is involved in 
90% of all RSIE and isolated tricuspid valve 
infective endocarditis (TVIE) is predominantly 
associated with injection drug use (IDU) and car-
diac implantable electronic devices (CIED).3–8 

Many individuals in this population have co-mor-
bid hepatitis C and/or HIV.7 Other risk factors for 
isolated TVIE include congenital heart disease 
and central venous catheters.1–3,9–12

Patients with isolated TVIE have a more favora-
ble prognosis with fever complications relative to 
left-sided IE. In-hospital mortality of TVIE is 
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5%–10% and previous data suggests that 80% of 
RSIE resolves with antibiotic therapy.2–4,6,12–14 
This may be accounted for by the lack of systemic 
embolic complications, the ability of the cardio-
vascular system to tolerate significant tricuspid 
regurgitation, and the younger age of patients 
who use drugs (PWUDs).3,13,15 However, patients 
with TVIE remain at risk for serious complica-
tions including septic pulmonary emboli, hemop-
tysis, acute renal failure, and chronic right-sided 
heart failure.10

Despite the high-reported rates of successful 
medical treatment of TVIE, the American Heart 
Association (AHA) still endorses several indica-
tions for cardiac surgery in this population. The 
2015 AHA endocarditis guideline provides class 
IIa recommendations for valve surgery in patients 
with right sided infective endocarditis and: right 
heart failure secondary to severe tricuspid regur-
gitation with poor response to medical therapy, 
sustained infection caused by difficult-to-treat 
organisms, or lack of response to appropriate 
antimicrobial therapy, and tricuspid valve vegeta-
tions that are ⩾2.0 cm in diameter with recurrent 
pulmonary embolism despite antimicrobial ther-
apy.16 Unfortunately, there are no prosthetic 
valves that are specifically designed and approved 
by the Food and Drug Administration for surgical 
implantation in the tricuspid position. Addi
tionally, without appropriate treatment of an 
underlying substance use disorder (SUD) many 
PWUDs who undergo tricuspid valve replace-
ment will remain at risk for recurrent prosthetic 
TVIE, which is associated with increased morbid-
ity.17 Percutaneous mechanical aspiration (PMA) 
or vegetation removal has been utilized as an 
alternative or bridge to valve surgery in patients 
who may be considered high-risk for re-infection 
of a newly implanted prosthetic valve but have  
a clinical indication for procedural intervention  
to control infection or lower embolic risk.18 
However, recent data have suggested that PMA 
may have similar outcomes to medical treatment 
for TVIE.19

In 2021, the University of Kentucky developed a 
multidisciplinary endocarditis program and 
adopted a standardized approach to patients with 
native TVIE that emphasized antibiotic therapy 
and addiction medicine consults as the primary 
treatment interventions.20 Patients were then fol-
lowed in a multidisciplinary fashion with delayed 
surgical intervention when their SUD was in 

remission and hemodynamic indications arose. 
Here, we report the demographics, management 
outcomes, and follow-up of patients from a single  
center diagnosed with definite isolated native  
tricuspid valve endocarditis and treated using  
this multidisciplinary and algorithmic approach 
(Figure 1).

Patients and methods
Team protocol.  In September 2021 University of 
Kentucky Healthcare (UK) created a multidisci-
plinary endocarditis team (MDET) and cardio-
vascular infectious diseases (CVID) consult 
service. The MDET is comprised of providers 
from infectious diseases, cardiac surgery, cardiol-
ogy, addiction medicine, neurosurgery, neurol-
ogy, physical medicine and rehabilitation, 
palliative care, and ethics. The group developed 
an internal protocol for medical treatment (Sup-
plemental Figure 1) and formally meets weekly to 
discuss all inpatients with IE and document its 
recommendations in the electronic medical 
record. Cases for the conference are identified 
primarily by the infectious diseases consult ser-
vice with collaboration with the cardiac surgery 
service. Frequent communication between 
MDET providers and clinical primary teams also 
occurs outside of scheduled meeting times. Deci-
sions regarding PMA and valve replacement are 
made at the weekly conference. At our institution, 
PMA is generally considered only in patients with 
bacteremia lasting ⩾7 days, while on maximum 
medical therapy and provided all other foci of 
infection have been addressed. The CVID consult 
service is an interdisciplinary team housed in  
the division of infectious diseases and comprised 
of an attending physician, advanced practice pro-
vider, nurse navigator, pharmacist, and social 
worker. The CVID service consults on all inpa-
tients with IE and follows them throughout their 
hospitalization and transition to outpatient.  
The CVID team coordinates the weekly MDET 
meetings and works with other specialties to coor-
dinate follow-up and outpatient testing.20

All patients, particularly those on intravenous or 
complex oral antibiotic regimens, are scheduled 
in the infectious diseases (ID) clinic within 
2 weeks of discharge and to reduce the number of 
required follow-up appointments the ID clinic 
can prescribe medication for opioid use disorder 
(MOUD). The endocarditis nurse navigator per-
forms a check-in phone call with all patients or 
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their support systems within 48 h of discharge and 
interfaces closely with staff from other specialties 
to ensure that all teams relevant to the patients’ 
care needs are updated and involved in the clini-
cal decision-making for the visit. Additionally, the 

divisions of cardiothoracic surgery and ID created 
a combined clinic where patients with TVIE see 
providers from both specialties in the same visit.20 
The CVID consult team meets weekly to review 
all patients who have been discharged and are 

Figure 1.  Treatment pathway for patients with isolated native tricuspid valve endocarditis managed by the 
University of Kentucky multidisciplinary endocarditis team.
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scheduled for follow-up outpatient appointments 
that week. Our program’s practice is to have all 
patients with moderate or greater tricuspid valve 
regurgitation followed in the multidisciplinary 
clinic. Surgery is offered when the patients 
develop symptomatic right heart failure or pro-
gressive right ventricular dilation on transthoracic 
echocardiogram and when an individual’s SUD 
and social situation have stabilized.

Patient identification.  Beginning in September 
2021, a registry was created in the hospital’s  
electronic medical record of all of the patients 
presented at the weekly MDET conference. Insti-
tutional review board approval was obtained from 
the University of Kentucky and the requirement 
for informed consent was waived by the institu-
tional review board, due to the retrospective nature 
of the work. The investigators subsequently estab-
lished a database to collect each patient’s demo-
graphics, comorbidities, diagnostics, treatments, 
and outcomes data. A total of 414 patients were 
recorded in this database from September 2021 to 
February 2024. Only patients who met modified 
Duke criteria for definite native TVIE were included 
in this study.21 Patients with left-sided IE (117), 
prosthetic valves (68), cardiac devices (11), and 
multivalvular IE (40) were excluded. An additional 

106 patients who were presented at the MDET 
conference but met Duke criteria for possible or 
rejected IE were excluded (Figure 2). For patients 
who were not seen in follow-up additional chart 
review was taken to evaluate whether they were 
seen at other surrounding institutions to confirm 
their status at 90-days and 1-year post discharge (if 
available). There was no control group for this sin-
gle-center, retrospective cohort study. The report-
ing of this study conformed to the Strengthening 
the Reporting of Observational Studies in Epide-
miology statement.22

Definitions of terms.  IDU was defined as active 
or recent IDU within 30-days of admission. SUD 
was defined as patients with IDU, individuals 
who endorsed non-intravenous drug use or were 
receiving MOUD. Hepatitis C infection was 
defined by the presence of detectable viral  
load by polymerase chain reaction  testing during 
the index hospitalization.

Persistent bacteremia was defined as blood cul-
tures that were positive for ⩾72 h after the initial 
positive culture. Heart failure secondary to IE was 
defined as new-onset or acute worsening of symp-
tomatic heart failure during the index hospitaliza-
tion as outlined by the New York Heart Association 

Figure 2.  Study enrollment flowchart.
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heart failure classification system during the index 
hospitalization. Acute renal failure was defined as 
patients initiated on renal replacement therapy 
during the index hospitalization.

Admissions for reinfection were defined as a new 
hospitalization within 30 days of discharge for IE. 
Duration of intravenous antibiotic therapy was 
defined as starting on the day of blood culture 
clearance.

Results

Study population
Between September 7th, 2021, and February 1st, 
2024, 72 patients were identified with definite 
isolated native TVIE. The median age of patients 
was 34 years (25th–75th Interquartile range 
(IQR) 12.3 years) and 47.2% (34) were female 
(Table 1). Approximately 90% (64) of patients 
identified as white and 87.5% (63) endorsed a 
history of IDU within 30-days of admission. 
Seventy (97.2%) patients had a diagnosis of 
SUD. The most common pathogen was 
Staphylococcus aureus, which was identified in 60 
(83.3%) patients. Over 40% (29) of patients had 
a prior admission for TVIE and 13.9% (10) had 
documented preexisting tricuspid regurgitation. 
For the 29 patients with a history of TVIE, 16 
had ongoing IDU at the time of readmission, 10 
left their previous hospitalizations before medi-
cally advised, two had suspected odontogenic 
sources of infection, and one patient was admin-
istratively discharged by the hospital during their 
previous admission. Fifty percent (36) of patients 
had active hepatitis C infection and 33% (24) had 
evidence of dental disease. There were three 
patients who were pregnant at the time of 
diagnosis.

Complicating factors
Almost 1/3 (23) of patients were transferred from 
referring hospitals (Table 1) and 38.9% (28) of 
patients were admitted to the ICU at some point 
during their admission with a median stay of 
10.5 days (IQR: 11.5 days). Rates of vasopressor 
and ventilator requirement were similar at 23.6% 
(17) and 22.2% (16), respectively. The median 
Pitt Bacteremia Score was 1 (IQR: 2). Forty-five 
patients (62.5%) had persistent bacteremia of ⩾72 
hours duration and 44.4% (32) presented with 
new-onset or worsening symptomatic heart failure. 

Table 1.  Characteristics of patients with isolated, definite native tricuspid 
valve endocarditis treated by a multidisciplinary endocarditis team.

Variable N = 72

Age, years, median (IQR) 34 (12.3)

Female sex, % (n) 47.2 (34)

White, % (n) 88.9 (64)

African American, % (n) 5.5 (4)

Hispanic, % (n) 1.4 (1)

Multiracial, % (n) 1.4 (1)

Injection drug use, % (n) 87.5 (63)

Substance use disorder, % (n) 97.2 (70)

Prior admissions for tricuspid valve endocarditis, % (n) 40.3 (29)

Prior sternotomies, % (n) 5.6 (4)

Dental disease, % (n) 33.3 (24)

Hepatitis C viremia, % (n) 50 (36)

Diabetes, % (n) 8.3 (6)

Pregnancy, % (n) 4.2 (3)

Chronic dialysis, % (n) 1.4 (1)

Outside hospital transfers, % (n) 31.9 (23)

Methicillin-resistant Staphylococcus aureus, % (n) 45.8 (33)

Methicillin-susceptible S aureus % (n) 37.5 (27)

Streptococcal species 11.1 (8)

Serratia marcescens 2.8 (2)

Enterococcus Faecalis 1.4 (1)

Culture-negative 1.4 (1)

ICU Admissions, % (n) 38.9 (28)

ICU length of stay, median days (IQR) 10.5 (11.5)

Vasopressor requirement, % (n) 23.6 (17)

Ventilator requirement, % (n) 22.2 (16)

Pittsburgh bacteremia score, median (IQR) 1 (2)

Persistent bacteremia, % (n) 62.5 (45)

Heart failure secondary to infectious endocarditis, % (n) 44.4 (32)

Septic pulmonary Emboli, % (n) 84.7 (61)

Cerebral Emboli, % (n) 2.8 (2)

Acute renal failure/dialysis, % (n) 5.6 (4)

IQR, Interquartile range.
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Septic pulmonary emboli were identified in 84.7% 
(61) of patients and 5.6% (4) developed acute 
renal failure requiring renal replacement therapy.

In-hospital management
The CVID team was consulted in 98.6% (71) of 
cases at a median of 1 day after admission and 
addiction medicine was consulted for 86.1% (62; 
Table 2). Cardiac surgery was formally consulted 
in 65.3% (47) of cases and 51.4% (37) had 1 or 
more indications for surgery per the 2015 AHA 
guidelines. Seventeen patients had severe tricus-
pid regurgitation, eight patients had symptoms of 
right-heart failure, seven patients had vegetations 
⩾20 mm, four patients had recurrent septic pul-
monary emboli, and one patient had bacteremia 
lasting ⩾7 days. Sixty-six patients (91.7%) were 
managed with antibiotics alone. The median 
duration of intravenous antibiotic therapy was 
28 days. Thirty-seven patients (51.4%) were 
transitioned to oral antibiotics to complete their 
treatment regimen and the median duration of 
oral antibiotic therapy was 14 days. Five (6.9%) 
patients underwent PMA of a tricuspid valve 
vegetation. Among patients who received PMA, 
all five presented with Staphylococcus aureus bac-
teremia of a median duration of 10 days. Two 
patients receiving PMA developed transient 
hypotension postprocedure requiring initiation 

of vasopressors and admission to the ICU. 
Discrete vegetation sizes were not available for all 
five patients. One (1.4%) patient underwent tri-
cuspid valve replacement during the index hospi-
talization for an overall procedural intervention 
rate of 8.3%. The patient who underwent valve 
surgery presented with S. aureus TVIE and evi-
dence of cerebral emboli in the setting of a patent 
foramen ovale (PFO) with symptomatic right-to-
left shunt. They underwent bioprosthetic tricus-
pid valve replacement and surgical PFO closure. 
Four patients underwent transcatheter closure of 
a PFO during their hospitalization.

Clinical outcomes
There was 1 in-hospital death for a mortality rate 
of 1.4%. The patient who passed away during 
their index admission had two previous admission 
for TVIE and discharged before medically advised 
in both instances. Their index hospitalization was 
complicated by refractory septic shock, multi
organ failure, cachexia, and bowl ischemia. 
Consequently, the multidisciplinary team did not 
believe the patient would survive an operation 
and the family transitioned the patient to comfort 
measures. There was one additional death 
between discharge and 90-days postdischarge for 
a 90-day mortality of 2.8% (Table 3). The patient 
who died within 90-days of discharge developed 
S. mitis TVIE while undergoing chemotherapy for 
refractory B-cell acute lymphoblastic leukemia. 
The patient passed away from complications of 
their leukemia. All patients who underwent PMA, 
valve replacement surgery, and PFO closure sur-
vived to discharge.

Nineteen patients were discharged before medi-
cally advised. Median length of stay was 18.5 days 
(IQR: 16.5 days). There were 18 (25%) re-admis-
sions at 30-days and 9 (50%) of these were in 
patients who previously left before medically 
advised. Five patients were re-admitted for com-
plications of treatment or progression of disease, 
three patients were re-admitted for reasons not 
related to IE, and one patient was admitted with 
a new bloodstream infection. Follow-up was 
greatest with ID at 63.9%, followed by cardiac 
surgery at 36.1%, and cardiology and 26.4%. 
Only 12.5% of patients followed up with addic-
tion medicine at the authors institution, although 
66.7% were discharged on MOUD initiated dur-
ing the index hospitalization.

Table 2.  In-hospital management strategies for patients with isolated, 
definite native tricuspid valve endocarditis treated by a multidisciplinary 
endocarditis team.

Variable N = 72

Infectious disease consults, % (n) 98.6 (71)

Infectious disease consult, median days (IQR) 1 (1)

Addiction medicine consult, % (n) 86.1 (62)

Cardiothoracic surgery consults, % (n) 65.3 (47)

Days to cardiothoracic surgery consult, median (IQR) 2.5 (2)

Medical management % (n) 91.7 (66)

Percutaneous PFO closures, % (n) 5.6 (4)

Percutaneous mechanical aspiration, % (n) 6.9 (5)

Median length of stay, days (IQR) 26.5 (31.3)

In-hospital mortality, % (n) 1.4 (1)
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During the study period, an additional 10 patients 
received elective tricuspid valve replacements 
after outpatient follow-up, including one who 
previously underwent PMA. Five patients received 
a bioprosthetic valve at a median of 242 days post-
discharge, and an additional five patients received 
a mechanical valve at a median of 331 days.

One-year follow-up data were available for 60 
patients. There were five total deaths from any 
cause in that period (Supplemental Figure 2). 
The 12 remaining patients are all currently alive 
but have yet to reach 1-year follow-up. Of the 
three late deaths, one patient presented to a refer-
ring hospital with a new bloodstream infection, 
sepsis, and disseminated intravascular coagula-
tion and passed away at the other facility, one 
patient passed away from a suspected opioid 
overdose, and one passed away suddenly at home 
and autopsy was declined by the family.

Discussion
In this single-center retrospective series, we report 
72 patients with isolated native TVIE managed 
by a multidisciplinary endocarditis program with 
very low rates of in-hospital and 90-day mortality. 
Our study is unique in three notable ways. First, 
it is the first to report exclusively on the outcomes 
of patients with TVIE managed in a multidiscipli-
nary fashion. Second, over 90% were managed 
medically in the acute setting, with only one tri-
cuspid valve replacement and five PMAs per-
formed during the index hospitalization despite 
51% of patients having indications for valve sur-
gery. Finally, it also includes longitudinal data 
about the rates of delayed elective valve surgery in 
this population.

As expected, patients were young, but medically 
complex, with high-rates of co-morbid SUD, 
IDU, Hepatitis C, and 40% had a previous diag-
nosis of TVIE. There has been substantial debate 
about the optimal treatment strategy for patients 
with IDU-related TVIE. The AHA, Society of 
Thoracic Surgeons and European Society of 
Cardiology have all recommended this popula-
tion be treated by multidisciplinary teams.18,23 
However, each of these societies continues to pro-
vide recommendations for valve surgery during 
the index hospitalization in specific situations. 
Additionally, there is virtually no data or guid-
ance about the appropriate indications for PMA 
in TVIE. Our multidisciplinary approach heavily 

favored initial medical management with antibi-
otic therapy and addiction medicine consultation. 
Over 90% of patients were treated medically and 
more than 85% received addiction medicine con-
sultation. Despite nearly 40% of patients requir-
ing intensive care unit admissions and 
approximately one quarter receiving vasopressor 
support and/or mechanical ventilation, in-hospi-
tal, and 90-day mortality outcomes were excellent 
with this approach. One driver of mortality in this 
population is overdose after discharge. Two-
thirds of patients were initiated on MOUD prior 
to discharge, which may have contributed to the 
very low 90-day and 1-year mortality in this vul-
nerable population. The majority of patients with 
SUD who were not discharged on MOUD were 
offered, but declined treatment.

Only a small number of procedural interventions 
were needed during the index hospitalization, but 
these outcomes were also encouraging. Although 
cardiac surgery was formally consulted in 65% of 
cases, their team attended all of the weekly 
MDET meetings and provided input as needed. 
PMA was pursued only in patients who had per-
sistent bacteremia for ⩾7 days on maximal antibi-
otic therapy and provided that other foci of 
infection were addressed. Patients with vegeta-
tions >2 cm who were clinically stable with clear 

Table 3.  Postdischarge outcomes and follow-up of patients with isolated, 
definite native tricuspid valve endocarditis treated by a multidisciplinary 
endocarditis team.

Variable N = 72

Patient directed discharge, % (n) 26.4 (19)

Discharge with medication for opioid use disorder, % (n) 66.7 (48)

Infectious diseases follow-up, % (n) 63.9 (46)

Cardiac surgery follow-up, % (n) 36.1 (26)

Cardiology follow-up, % (n) 26.4 (19)

Addiction medicine follow-up, % (n) 12.5 (9)

No follow-up at the University of Kentucky, % (n) 23.6 (17)

Delayed elective tricuspid valve replacement, % (n) 13.9 (10)

30-Day all cause readmissions, % (n) 25.0 (18)

30-Day readmission for reinfection, % (n) 1.4 (1)

90-Day mortality, % (n) 2.8 (2)
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blood cultures were not referred for PMA. Our 
CVID service initiates patients with persistent S. 
aureus bacteremia on combination antimicrobial 
therapy within 72 h based on an internal protocol 
and aggressively searches for other possible sites 
of infection which we hypothesize limits the num-
ber of patients meeting our criteria for PMA.24–27 
The role and efficacy of combination antibiotic 
therapy was not specifically analyzed in this study, 
but this is the subject of ongoing research by our 
multidisciplinary team. Approximately half of 
patients were also transitioned to oral antibiotics 
to complete treatment of their TVIE. The prac-
tice of successful treatment of IE with partial oral 
antibiotic therapy was previously reported by our 
group.28

A subgroup of four patients also underwent percu-
taneous PFO closure during the index hospitaliza-
tion. We have previously reported on three cases 
of patients receiving this procedure.29,30 In these 
four instances, the patients had recent IDU and 
were found to have isolated TVIE with PFO and 
either evidence of systemic emboli or hypoxemia 
from right-to-left shunt. All patients had 
transesophageal echocardiograms to rule out evi-
dence of left-sided IE. Two patients subsequently 
underwent tricuspid valve replacement in a 
delayed fashion after clinical stabilization and 
treatment of their SUD. In both of those cases, 
the closure device was removed intraoperatively, 
and the PFO was surgically closed. One patient 
has moderate tricuspid regurgitation and is being 
followed outpatient to monitor for indications for 
valve surgery. One patient died at >90 days after 
discharge after admission to another hospital with 
bacteremia caused by a new organism. None of 
the four patients developed relapsed infection with 
their original pathogen. There is not sufficient 
data to advocate for this approach in all patients 
with TVIE and PFO. Providers could consider 
percutaneous PFO closure as a salvage interven-
tion in patients with TVIE and significant shunt or 
evidence of systemic emboli in the absence of left-
sided IE with the ultimate goal of delayed surgical 
valve replacement and PFO closure.

Our multidisciplinary team continued to follow 
patients in the outpatient setting, both in indi-
vidual specialty clinics and in a collaborative ID/
cardiac surgery clinic. Almost 2/3 of patients 
were seen for ID follow-up with lower rates of 
follow-up with cardiac surgery and cardiology. 

Addiction medicine follow-up was recorded for 
patients who followed specifically with providers 
at the authors’ institution. Approximately 1/3 of 
patients reside in counties in rural Eastern 
Kentucky, that are a 2–4-h drive from our insti-
tution. Consequently, many patients were sched-
uled for follow-up with local providers for ease 
of access, but we could not reliably record 
whether or not these appointments were 
attended. Several patients also received their 
MOUD concurrently in ID clinic. As a result, 
the rate of addiction medicine follow-up care is 
likely significantly higher than the 12.5% 
reported here. Thirty-day readmission rates 
were relatively high at 25%, although 50% of 
these occurred in patients who left before medi-
cally advised. The social factors, particularly in 
patients with SUD, that contributed to follow-
up challenges may also contribute to the higher 
rates of re-admission.

Ten patients, approximately 14% of the study 
population, ultimately underwent delayed, elec-
tive tricuspid valve replacements using our proto-
colized process for follow-up of patients with 
moderate or greater tricuspid regurgitation. This 
finding highlights that a multidisciplinary pro-
gram can longitudinally follow patients with 
native TVIE and offer access to surgery after the 
index hospitalization in more favorable circum-
stances once both their infection has been cured 
and their SUD treatment optimized.

Limitations
Our study is limited by its retrospective nature, 
the lack of a control group, and that it was con-
ducted at a single center. Nearly 1/3 of patients 
were transferred from outside hospitals, and we 
do not have data on the number of patients that 
were referred to our institution but not accepted. 
It is possible that sicker patients were not accepted 
for transfer because they were not felt to be sal-
vageable, thereby skewing our patient population 
toward more stable patients. Additionally, we did 
not record 90-day rates of relapsed infection or 
re-admission which may lead to an underestima-
tion of postdischarge complications. Patients with 
prosthetic tricuspid valves and CIEDs were 
excluded as the management strategies are more 
complex for this population and this exclusion 
likely impacted the mortality outcomes compared 
to other published literature.
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Conclusion
Isolated native TVIE remains a challenging dis-
ease to treat, in part due to the high rates of co-
morbid substance use, as well as the lack of 
high-quality data to help guide clinical decision-
making. Given the illness acuity and challenges 
with follow-up, it is unlikely that randomized 
controlled trial data will be available for this pop-
ulation in the near future. Our study findings sug-
gest that, with a dedicated multidisciplinary 
endocarditis program using structured follow-up 
algorithms, patients can be effectively medically 
treated for native TVIE with low rates of in-hos-
pital and 90-day mortality, high rates of addiction 
medicine consultation and a moderate number of 
delayed elective tricuspid valve replacements. 
Despite the presence of a collaborative team, 
there were still substantial rates of patient-
directed discharges, re-admissions, and patients 
not seen in follow-up. Additional patient 
resources, such as housing and transportation 
support as well as rural outreach programs may 
help to improve these outcomes. More data are 
needed regarding the optimal implementation of 
these resources and construction of a multidisci-
plinary endocarditis program especially programs 
serving rural and under-resourced populations.

Declarations

Ethics approval and consent to participate
Approved by the University of Kentucky 
Institutional Review Board (IRB #71514). 
Patient consent was not required by the IRB.

Consent for publication
Not applicable.

Author contributions
Bennett Collis: Data curation; Investigation; 
Methodology; Writing – original draft; Writing – 
review & editing.

Talal Alnabelsi: Investigation; Writing – review 
& editing.

Evan Hall: Data curation; Investigation; Writing 
– review & editing.

Chloe Cao: Data curation; Investigation; Writing 
– review & editing.

Meredith Johnson: Data curation; Writing – 
review & editing.

John Gurley: Conceptualization; Investigation; 
Writing – review & editing.

Luke Strnad: Formal analysis; Writing – original 
draft; Writing – review & editing.

Hassan Reda: Conceptualization; Investigation; 
Writing – review & editing.

Tessa London: Investigation; Writing – review & 
editing.

Erinn Ogburn: Conceptualization; Investigation; 
Writing – review & editing.

Michael Sekela: Conceptualization; Investi
gation; Writing – review & editing.

Bobbi Jo Stoner: Conceptualization; Investi
gation; Methodology; Project administration; 
Supervision; Writing – review & editing.

Sami El-Dalati: Conceptualization; Data cura-
tion; Formal analysis; Investigation; Methodology; 
Project administration; Supervision; Visualization; 
Writing – original draft; Writing – review & 
editing.

Acknowledgements
None.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
De-identified data can be made available upon 
request.

ORCID iD
Sami El-Dalati  https://orcid.org/0000-0003- 
2603-2951

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Habtewold S, Greffie ES, Zenahbezu A, et al. 

Isolated native tricuspid valve endocarditis in 
nonintravenous drug user. Case Rep Cardiol 2020; 
2020: 8812597.

https://journals.sagepub.com/home/tai
https://orcid.org/0000-0003-2603-2951
https://orcid.org/0000-0003-2603-2951


Volume 11

10	 journals.sagepub.com/home/tai

Therapeutic Advances in 
Infectious Disease

	 2.	 João PP, Sousa M, Mota R, et al. Right-side 
endocarditis: a typical presentation in an atypical 
patient. Cureus 2021; 13(10): e18897.

	 3.	 Shmueli H, Thomas F, Flint N, et al. Right-
sided infective endocarditis 2020: challenges and 
updates in diagnosis and treatment. J Am Heart 
Assoc 2020; 9(15): e017293.

	 4.	 Sheng-Li J, Li BJ, Zhang T, et al. Surgical 
treatment of isolated right-sided infective 
endocarditis. Tex Heart Inst J 2011; 38(6): 
639–642.

	 5.	 Georges H, Leroy O, Airapetian N, et al. 
Outcome and prognostic factors of patients 
with right-sided infective endocarditis requiring 
intensive care unit admission. BMC Infect Dis 
2018; 18(85): s12879-018-2989-9.

	 6.	 Akinosoglou K, Apostolakis E, Koutsogiannia N, 
et al. Right-sided infective endocarditis: surgical 
management. Eur J Cardio-Thoracic Surg 2012; 
42(3): 470–479.

	 7.	 Weber C, Gassa A, Eghbalzadeh K, et al. 
Characteristics and outcomes of patients with 
right-sided endocarditis undergoing cardiac 
surgery. Ann Cardiothorac Surg 2019; 8(6): 
645–653.

	 8.	 Revilla A, López J, Villacorta E, et al. Isolated 
right-sided valvular endocarditis in non-
intravenous drug users. Revista Española de 
Cardiología (English Edition) 2008; 61(12): 
1253–1259.

	 9.	 Hellwege RS and Gawaz M. Right-sided infective 
endocarditis in association with a left-to-right 
shunt complicated by haemoptysis and acute 
renal failure: a case report. BMC Cardiovasc 
Disord 2020; 20(1): 494.

	10.	 Lee MR, Chang SA, Choi SH, et al. Clinical 
features of right-sided infective endocarditis 
occurring in non-drug users. J Korean Med Sci 
2014; 29(6): 776–781.

	11.	 Aoyagi S, Oda T, Fukuda H, et al. Isolated 
tricuspid valve endocarditis caused by infection 
of implanted central venous access port device. 
Kurume Med J 2016; 62(1–2): 37–40.

	12.	 Akinosoglou K, Apostolakis E, Marangos M, et al. 
Native valve right sided infective endocarditis. Eur 
J Int Med 2013; 24(6): 510–519.

	13.	 Jain V, Yang MH, Kovacicova-Lezcano G, et al. 
Infective endocarditis in an urban medical center: 
association of individual drugs with valvular 
involvement. J Inf 2008; 57(2): 132–138.

	14.	 Abacilar AF. Timing of surgery and clinical 
outcomes of isolated right-heart infective 

endocarditis. a single center experience. e J 
Cardiovasc Med 2019; 7(4): 179–188.

	15.	 Mauro MD, Russo M, Saitto G, et al. Prognostic 
role of endocarditis in isolated tricuspid valve 
surgery. A propensity weighted study. Int J 
Cardiol 2022; 371: 116–120.

	16.	 Baddour L, Wilson W, Bayer A, et al. Infective 
endocarditis in adults: diagnosis, antimicrobial 
therapy, and management of complications a 
scientific statement for healthcare professionals 
from the American Heart Association. Circulation 
2015; 132: 1–53.

	17.	 Shrestha NK, Jue J, Hussain ST, et al. Injection 
drug use and outcomes after surgical intervention 
for infective endocarditis. Ann Thorac Surg 2015; 
100(3): 875–882.

	18.	 Baddour LM, Weimer MB, Wurcel AG, et al. 
Management of infective endocarditis in people 
who inject drugs: a scientific statement from the 
American Heart Association. Circulation 2022; 
146(14): e187–e201.

	19.	 El-Dalati S, Sinner G, Leung S, et al. 
Comparison of medical therapy, valve surgery 
and percutaneous mechanical aspiration for 
tricuspid valve infective endocarditis. Am J Med 
2024; 137: 888–895.

	20.	 El-Dalati S, Thornton A, Reda H, et al. Beyond 
a team: the comprehensive interdisciplinary 
endocarditis program in the United States. Int J 
Cardiol 2024; 397: 131638.

	21.	 Li JS, Sexton DJ, Mick N, et al. Proposed 
modifications to the Duke criteria for the 
diagnosis of infective endocarditis. Clin Infect Dis 
2000; 30(4): 633–638.

	22.	 von Elm E, Altman DG, Egger M, et al. The 
strengthening the reporting of observational 
studies in epidemiology (STROBE) statement: 
guidelines for reporting observational studies. 
Ann Intern Med 2007; 147(8): 573–577.

	23.	 Delgado V, Marsan NA, de Waha S, et al. 
Guidelines for the management of infective 
endocarditis: the task force for the management 
of infective endocarditis of the European Society 
of Cardiology (ESC). Endorsed by: European 
Association for Cardio-Thoracic Surgery 
(EACTS), the European Association of Nuclear 
Medicine (EANM). Eur Heart J 2023; 36: 
3075–3128.

	24.	 Geriak M, Haddad F, Rizvi K, et al. Clinical 
data on daptomycin plus ceftaroline versus 
standard of care monotherapy in the treatment 
of methicillin-resistant staphylococcus aureus 

https://journals.sagepub.com/home/tai


B Collis, T Alnabelsi et al.

journals.sagepub.com/home/tai	 11

bacteremia. Antimicrob Agents Chemother 2019; 
63(5): e02483-18.

	25.	 McCreary EK, Kullar R, Geriak M, et al. 
Multicenter cohort of patients with methicillin-
resistant staphylococcus aureus bacteremia 
receiving daptomycin plus ceftaroline compared 
with other MRSA treatments. Open Forum Infect 
Dis 2019; 7(1): ofz538.

	26.	 Ulloa ER, Singh KV, Geriak M, et al. Cefazolin 
and ertapenem salvage therapy rapidly clears 
persistent methicillin-susceptible staphylococcus 
aureus bacteremia. Clin Infect Dis 2020; 71(6): 
1413–1418.

	27.	 El-Dalati S, Sridaran S, Uricchio M, et al. 
Oxacillin plus ertapenem combination therapy 
leads to rapid blood culture clearance and 

positive outcomes among patients with persistent 
MSSA bacteraemia: a case series. JAC Antimicrob 
Resist 2021; 3(3): dlab148.

	28.	 El-Dalati S, Castillo MR, Strnad L, et al. 
Shared decision making for partial oral antibiotic 
treatment of infective endocarditis: a case series. 
Open Forum Infect Dis 2024; 11: ofae166.

	29.	 Shimfessel TT, El-Dalati SA, Sekela M, et al. 
Paradoxical embolisation in right-sided infective 
endocarditis and patent foramen ovale. BMJ Case 
Rep 2022; 15(5): e250272.

	30.	 Tackett MS, Ahmed T and El-Dalati SA. 
Paradoxical embolisation to the brain in right-
sided infective endocarditis and patent foramen 
ovale in a pregnant woman. BMJ Case Rep 2023; 
16(3): e254403.

Visit Sage journals online 
journals.sagepub.com/
home/tai

 Sage journals

https://journals.sagepub.com/home/tai
https://journals.sagepub.com/home/tai
https://journals.sagepub.com/home/tai

