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ABSTRACT: Compared with the extensive data on left-sided infective endocarditis (IE), there is much less published informa-
tion on the features and management of right-sided IE. Right-sided IE accounts for 5% to 10% of all IE cases, and compared
with left-sided IE, it is more often associated with intravenous drug use, intracardiac devices, and central venous catheters,
all of which has become more prevalent over the past 20 years. In this manuscript on right-sided IE we provide an up-to-date
overview on the epidemiology, etiology, microbiology, potential locations of infection in the right heart, diagnosis, imaging,
common complications, management, and prognosis. We present updated information on the treatment of pacemaker and
device infections, infected fibrin sheaths that appear to be an easily missed source of infection after central line as well as
pacemaker removal. We review current data on the AngioVac percutaneous aspiration device, which can obviate the need for
surgery in patients with infected pacemaker leads and fibrin sheaths. We also focused on advanced diagnostic modalities,
such as positron emission tomography/computed tomography. All of these are supported by specific case examples with
detailed echocardiographic imaging from our experience.
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valves, any intracardiac devices within the heart, and

more rarely nonfunctional embryonic remnants that
are present in the right atrium (RA). It is caused by the
seeding of any of these structures by bacterial or, less
commonly, fungal organisms.! Despite advances in
diagnostic capabilities and treatment options, |E con-
tinues to be a growing health concern with a 1-year
mortality rate of 30%, which has remained unchanged
over several decades.?

The overall incidence of IE in the United States is
steadily increasing. Between 2000 and 2011, |E incidence
has grown from 11 to 15 cases per 100 000 people per
year, despite updates in IE prophylaxis guidelines.® Men
constitute a higher proportion of IE cases; however, the
incidence of IE in women is increasing.*® In recent de-
cades, there has been a shift in the patient population:

I nfective endocarditis (IE) involves native or prosthetic

the proportion of patients with IE and underlying rheu-
matic heart disease has decreased whereas the propor-
tion of patients with prosthetic valves and implanted heart
devices has increased.? The increasing incidence of IE
has also been attributed to longer survival of patients with
risk factors for IE such as congenital heart disease, HIV,
diabetes mellitus, immunosuppressive therapy, and end-
stage renal disease requiring dialysis.”®

The diagnosis of |E is based on clinical, imaging, and
laboratory criteria. The Duke major criteria, the main-
stay of IE diagnosis, were developed to facilitate the
diagnosis of IE and consist of positive blood cultures
of typical microorganisms (commonly staphylococci or
streptococci) and the presence of valvular vegetations
detected by echocardiography.'®

IE can be further classified according to the cardiac
structures and chambers involved. Endocarditis affecting
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Nonstandard Abbreviations and Acronyms

IE infective endocarditis

IVDU intravenous drug use

RA right atrium

SvVC superior vena cava

TEE transesophageal echocardiography
TTE transthoracic echocardiography
TV tricuspid valve

the right heart chambers and valves has typical etiolo-
gies and epidemiology as well as unique diagnostic and
therapeutic options. Compared with the extensive data
on left-sided IE, much less information has been pub-
lished on the features and management of right-sided IE.

In this review we provide an up-to-date overview
on the etiology, diagnosis, imaging, management, and
prognosis of right-sided IE as well as new therapeutic
options and representative cases from our experience.

EPIDEMIOLOGY AND NATURAL
HISTORY OF RIGHT-SIDED IE

Right-sided IE accounts for 5% to 10% of all IE cases, and
compared with left-sided IE, it is often associated with
intravenous drug use (IVDU), intracardiac devices, and
central venous catheters, all of which have become more
prevalent in the United States over the past 20 years.'%2

The lower incidence of right-sided IE, compared
with left-sided IE, can be explained by the relatively
low prevalence of pathological conditions affecting
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right-sided valves including congenital malformations,
differences in the properties of and vascularity of the
right-sided endothelium as well as lower pressure gra-
dients and jet velocities across the right-sided valves
and lower right-sided wall stress and reduced oxygen
content in venous blood."”®'* The echocardiographic
anatomy of the right heart cavities and structures is
shown in Figure 1. IVDU is the most common predis-
position for right-sided |E and is responsible for the in-
creasing incidence of IE in developed countries. The
overall incidence of IE among IVDU patients ranges
between 2% and 5% per year. With the rise in intra-
venous heroin use in the United States, the proportion
of IE admissions related to drug use has doubled from
6% in 2000 to 12% in 2013."° Between 2010 to 2015,
the proportion of IVDU in all IE cases increased from
15% 1o 29%, and consequently |E is affecting younger
populations.'® When added to the ongoing opioid ep-
idemic, this is a concerning trend. Up to 86% of IE
cases among VDU involve the right heart, most com-
monly (90%) the tricuspid valve (TV).”> Among VDU
patients who present with fever, 13% will have echo-
cardiographic evidence of |[E and when concomitant
bacteremia is present, up to 41% will show evidence
of IE.'" IVDU patients who are coinfected with HIV are
more than twice as likely to develop IE relative to HIV-
negative individuals, with the risk increasing 8-fold if
CD4 counts are below 350 cells/uL."®

Repetitive use of injected drugs can lead to struc-
tural abnormalities of the TV detected by transthoracic
echocardiography (TTE) such as focal thickening,
valve prolapse, and regurgitation. These findings are
likely the result of particles contaminating the illicit
drugs being injected intravenously.'®

Figure 1. Echocardiographic imaging of the right heart anatomy.

A, Three-dimensional (3D) TTE four chamber view of the right chambers and tricuspid valve. B, 3D TTE showing the tricuspid valve
leaflets, from the RA perspective. C, | 3D TTE four chamber view. The red arrow points to the prominent crista terminalis. D, TEE
four chamber view focused on the right heart chambers. The blue arrow points to the prominent eustachian valve. AL indicates
anterior leaflet; LA, left atrium; LV, left ventricle; PL, posterior leaflet; RA, right atrium; RV, right ventricle; SL, septal leaflet; TEE,
transesophageal echocardiography; TTE, transthoracic echocardiography; and TV, tricuspid valve.
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Table 1. Common Causative Microorganisms for
Right-Sided Infective Endocarditis

Organism Features

Staphylococcus aureus Most prevalent pathogen
(60-90% of cases),
increase in methicillin-
resistant Staphylococcus
aureus predominantly in

intravenous drug use

Risk factors: alcoholism,
prosthetic valves, vascular
catheters

Coagulase-negative Staphylococcus

Prevalent in alcoholics, still
more dominant in left-sided
infective endocarditis

Streptococci (especially S. pneumoniae)

Pseudomonas aeruginosa and other
gram-negative bacteria

Increasing prevalence

Fungi Relatively high mortality,
incidence rising due to
immunocompromised,
aging population and
intracardiac devices

Catheter-related bloodstream infections are usually
associated with central venous catheters. IE related to
peripheral venous lines is uncommon. However, local
cellulitis, use of infusion pumps, and insertion of a can-
nula in the lower extremity have been shown to be in-
dependent risk factors for right-sided IE.2°

Cardiac device-related IE is a severe type of right-
sided |E that typically involves the TV or contiguous
endocardium in the right ventricle. The infection can
spread from an infected subcutaneous pacemaker
pocket or through bacterial seeding. Its incidence
has risen because of the growing use of intracardiac
devices and an aging patient population. One study
with data on 4.2 million pacemakers and defibrillators
implantations reported an increase in the incidence of
cardiac device-related IE by 210% between 1993 to
2008. This was observed concurrently with a 96% in-
crease in device implantation over the same time pe-
riod.?" The latest data imply that 9.9% of all IE cases
included in the recently published EURObservational
Research Programme-Euro-Endo registry have been
device-related cases.?? The risk of infection following
implantation of a cardiac pacemaker is 0.5% to 1%
in the first 6 to 12 months and rises with increas-
ing complexity of the implanted device. Namely, in-
fection rate for implantable cardioverter-defibrillator
implantations is 1.7% and even higher for cardiac
resynchronization therapy implantations. Compared
with primary implantation, the risk of infection in the
case of device replacement or revision procedures
is between 2- and 4-fold higher.?% In a recent cohort
study among 8060 patients admitted with a cardiac
device-related IE, 379 (4.7%) patients died during the
hospitalization, and renal failure was the leading risk
factor.?4
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TYPICAL MICROORGANISMS OF
RIGHT-SIDED IE

The typical microorganisms causing right-sided IE
are listed in Table 1. Staphylococcus aureus is the
predominant organism (60-90% of cases) in right-
sided IE, with a steadily increasing proportion of
methicillin-resistant Staphylococcus aureus strains
and polymicrobial infections.'® Streptococcal and
coagulase-negative staphylococcal infections are
also frequent causes of right-sided IE, with S. pneu-
moniae |E occurring more commonly in the setting of
chronic alcoholism, regardless of [VDU. However, S.
pneumoniae is still more likely to involve the left side
of the heart, with right-sided IE accounting for <10%
of cases.” Increased prevalence of Pseudomonas
aeruginosa and other gram-negative bacteria has
been reported in right-sided IE.'>?%26 Fungal endo-
carditis, generally associated with very high mor-
tality, comprises about 3% of all IE cases and only
rarely involves the right heart.'>2” However, increas-
ing numbers of immunocompromised patients and
the use of intravascular and intracardiac devices may
lead to a rise in right-sided fungal IE. In a study of
78 patients with fungal endocarditis, 19 had isolated
right-sided endocarditis and the overall mortality
was 54%.%" Prosthetic valve |E and cardiac device-
related |E have a distinct distribution of causal micro-
organisms, as coagulase-negative staphylococcal
infections are responsible for 25% of cardiac device-
related |E cases.?® The presence of a central venous
catheter as well as a peripherally inserted central
catheter can increase the likelihood of right-sided IE.
One study reported that in central venous catheter-
associated IE, right-sided involvement was observed
in up to two-thirds of cases and in most of them the
responsible microorganisms were S. aureus and
coagulase-negative staphylococci.?® In immunocom-
promised patients with prosthetic valves or intracar-
diac devices (central lines, pacemakers, etc), less
common microorganisms such as Proteus mirabilis®®
and Bartonella quintana may cause |E.%° Right-sided
IE caused by Coxiella burnetii infection has been de-
scribed in pediatric patients following correction of
congenital heart defects, as well as in bioprosthetic
valves.3! For prosthetic valve-associated IE, S. au-
reus is the predominant organism and is more likely
to cause an invasive disease even when affecting
right-sided prosthetic valves.?®

IMAGING OF RIGHT-SIDED IE

Echocardiography is the primary imaging technique
used to detect right-sided IE. TTE provides valu-
able information because right-sided structures are
located anteriorly and close to the TTE transducer.
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However, in some patients anatomic factors may
lead to suboptimal imaging and limit the sensitiv-
ity of TTE. In addition to standard views, including
subcostal imaging, modified views are often neces-
sary to get a clear overview of the right ventricular
inflow and outflow tracts, the eustachian valve, and
the posterior leaflet of the tricuspid valve. Right atrial
thrombus and old noninfected vegetations from pre-
vious disease may also cause diagnostic confusion.
In the right atrium, the crista terminalis as well as the
moderator band in the right ventricle should be rec-
ognized as normal variants and not as vegetations.
The sensitivity of TTE and transesophageal echocar-
diography (TEE) was compared in 47 patients with
right-sided cardiac lesions, TEE provided a signifi-
cantly higher diagnostic yield than did TTE. However,
in another contemporary study in young IVDU pa-
tients, the sensitivity of TTE and TEE was similar.
TEE and recently intracardiac echocardiography are
important tools for diagnosing cardiac-device related
IE, as TTE has a limited sensitivity for detecting veg-
etations attached to pacemaker leads.®?> Because it
can be difficult to visualize all parts of the leads with
TTE, especially areas close to or within the superior
vena cava (SVC) where vegetations are often lo-
cated, TEE is mandatory, as its sensitivity is superior
to that of TTE, 70-90% versus 20-30%. However,
the frequency of cardiac device-related IE may be
overestimated with both TTE and TEE, because lead
aggregations from thrombi that appear very similar
to vegetations are found in up to 20% of pacemaker
patients without infection.®

The evaluation of patients with IE is no longer limited
to conventional echocardiography but should include
several other imaging techniques such as computed
tomography (CT), 18F-fluorodeoxyglucose positron
emission tomography/CT or other functional imag-
ing modalities. CT can detect abscesses/pseudoan-
eurysms with a diagnostic accuracy similar to TEE
and is possibly superior in the providing information
regarding the extent and consequences of any peri-
valvular extension, including the anatomy of pseu-
doaneurysms, abscesses, and fistulae. For cardiac
device-related |E related infective endocarditis, 18F-
fluorodeoxyglucose positron emission tomography/CT
is very specific when tracer uptake is visualized (only if
applied late after implantation), but its sensitivity is very
low—(16.3% in the European Society of Cardiology-
EURODbservational Research Programme Euro-Endo
Registry).?> However, radiolabeled white blood cells
scintigraphy (single-photon emission CT/CT) has high
sensitivity and specificity for the detection and local-
ization of cardiac device-related |IE (94% and 100%,
respectively).3*

In pulmonary/right-sided endocarditis, CTisalsouse-
ful for identifying concomitant pulmonary parenchymal
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disease, including abscesses and infarcts. A number
of pathological conditions can mimic the pattern of fo-
cally increased 18F-fluorodeoxyglucose uptake that is
typically observed in IE, such as active thrombi, soft
atherosclerotic plaques, postsurgical inflammation,
etc. Therefore, the Duke criteria are difficult to apply in
these patients because of lower sensitivity. According
to European Society of Cardiology guidelines, modi-
fications of the Duke criteria have been proposed,
including local signs of infection and pulmonary embo-
lism as major criteria.’®

RIGHT-SIDED IE NOT INVOLVING THE
TRICUSPID VALVE

Vegetations can be found any place on the endocar-
dium but are typically located on the atrial side of the
tricuspid valve or on cardiac device leads and on the
ventricular side of the pulmonic valve, which is much
less frequently involved compared with the tricuspid
valve.3?

The TV is involved in 90% most right-sided IE cases
related to [VDU.3® However, other right-sided structures
may also become infected. Pulmonic valve |[E may
occur concomitantly with tricuspid valve IE.”® Isolated
pulmonic valve IE is rare and accounts for <2% of
patients with IE,'* with only 70 reports of isolated pul-
monic valve |IE published between 1979 and 2013.36
In another study of patients who underwent surgery
for active IE (138 right sided and 1224 left sided), only
7 had pulmonic valve involvement.?® Percutaneous
pulmonary valve replacement is becoming more com-
mon. McElhinney et al®” reported on the prevalence
of IE in 309 patients who underwent transcatheter
pulmonary valve replacement with a Melody valve
(Medtronic, Dublin, Ireland). In a median follow-up du-
ration of 5.1 years, pulmonic valve |E was diagnosed in
46 (14.9%) patients. All patients with endocarditis were
treated with antibiotics except for 2, who died before
treatment could be initiated. A total of 5 patients died
as aresult of the infectious episode, 4 had a septic syn-
drome and 1 had pulmonary embolus. Predisposing
factors for pulmonic valve |E include IVDU, alcoholism,
sepsis, immunosuppression, and catheter-related in-
fections,®®%° but up to 28% of cases of pulmonic valve
IE have no identified predisposing factors.*° Figure 2A
and 2B shows an example of a patient with pulmonic
valve |E with a history of the Ross procedure (aortic
valve replacement using a pulmonary autograft and a
homograft to replace the pulmonic valve).

Nonfunctional embryonic remnants that are pres-
ent in the RA, such as crista terminalis, eustachian
valve, Chiari network, and Thebesian valve, can
mimic thrombi, tumors, or vegetation, but they can
also be a nidus for IE.*"*? The prevalence of |E affect-
ing these structures is thought to be underreported
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Figure 2. Infective endocarditis involving right heart structures other than the tricuspid valve.

A and B, A 72-year-old male, status post Ross procedure was admitted due to fever, weight loss and elevated inflammatory markers.
A large mobile vegetation (green arrow) was seen attached to the pulmonic valve on both two-dimensional (2D) TEE (A) and three-
dimensional (3D) TEE (B) imaging. C through E, A 39-year-old male was admitted for shortness of breath and fever. On TTE at 4
chamber view (C) a large mobile vegetation (red arrow) was seen attached to the Eustachian valve (yellow arrow). This was confirmed
by following TEE showing a clear Eustachian valve vegetation seen from the 4-chamber view (D) and bicaval view (E). F and G, A
36-year-old female patient with history of systemic lupus erythematosus and end-stage renal disease on dialysis, presented with
sepsis and methicillin-resistant Staphylococcus aureus bacteremia. Consequently her dialysis central line was removed as it was a
potential source of infection. Initial TTE did not reveal any vegetations. Because of high clinical suspicion, TEE was done that did not
reveal any valvular vegetations; however, in a focused interrogation of the SVC in 2D and 3D bicaval view, a tubular mobile structure
was seen, consistent with an infective endovascular fibrin sheath vegetation (F and G, blue arrows), at the site of the removed dialysis
catheter. She underwent successful aspiration of the vegetation with percutaneous aspiration device. AO indicates aorta; AV, aortic
valve; EV, eustachian valve; LA, left atrium; LV, left ventricle; PA, pulmonary artery; PV, pulmonic valve; RA, right atrium; RV, right

ventricle; RVOT, right ventricle outflow tract; and SVC, superior vena cava.

and underestimated because of the difficulty with
detection by TTE as well as the paucity of reports
describing them.*3 It has been recommended that
these structures should be closely imaged in cases
with a high likelihood of IE and no evidence of TV
involvement,'®# and Moral et al suggested some
imaging guidance for these structures.*® Figure 2C,
2D, and 2E presents a case of eustachian valve IE.
Case series of eustachian valve IE reported simi-
lar risk factors to those of TV IE such as IVDU or
central catheters as well as similar microbiological
causatives.*+6-48 |n a study by Cresti et al of 33 pa-
tients with right-sided IE, 15% had embryonic rem-
nants involvement, most commonly the eustachian
and Thebesian valves. TEE was superior to TTE for
diagnosis in these cases because of better imaging
of atrial structures.*® Conversely, San Roman et al
described 5 cases of eustachian valve vegetations
among 152 patients with right-sided endocarditis
(8.3%) and they found that TEE did not add any new
information to that obtained by TTE; rather, it con-
firmed the TTE findings.*®

IE originating from an infected fibrin sheath extend-
ing from the SVC into the RA has been described. A
fibrin sheath is a circumferential sleeve of endothelium
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that forms around the external surface of a central ve-
nous catheter. When the central line is removed, the
fibrin sheath can remain intact within the SVC and be-
come infected, as shown in Figure 2F, 2G and Videos
S1 through S3. Tang et al described a case series
(n=11) of patients with bacteremia and evidence by TEE
of endovascular fibrin sheath vegetations. This condi-
tion was associated with high mortality and can be
easily missed unless thorough interrogation of the SVC
and RA/SVC junction is performed by TEE.®® Thus,
it is important to look for these structures in patients
with bacteremia who previously had or currently have
a central line.

COMPLICATIONS OF RIGHT-SIDED IE

The major complications of right-sided IE are summa-
rized in Table 2 and demonstrated in representative
case shown in Figure 3A through three-dimensional
and Videos S4 through S6.

The most common complications include valvu-
lar insufficiency, abscess formation, and septic pul-
monary embolism.>" In a recent review, a mean of
1.6 complications per right-sided |E patient were re-
ported, and the most common complications were
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Table 2. Major Complications of Right-Sided Infective
Endocarditis

Valvular/Local Nonvalvular/Peripheral

Valvular insufficiency (tricuspid
regurgitation>>pulmonic
regurgitation)

Pulmonary: embolism, infiltrates,
exudates, abscess, cavitation,
aneurysms, and pleural effusion

Valvular stenosis Systemic embolism and infarcts
(most often paradoxical embolus via
patent foramen ovale or intracardiac

shunt)

Valve destruction High degree atrioventricular block

Valve leaflet perforation Septic shock

Valve annulus abscess
formation

Multiorgan failure

valvular insufficiency, embolic events, and abscess for-
mation.%? Pulmonary involvement occurred in 80% of
these cases and varied from minor atelectasis to large
infiltrates, pleural exudates, and cavitation, generally
involving the lower lobes.®?

Other than valvular vegetations, several other echo-
cardiographic findings may qualify as major diagnos-
tic criteria for IE. This includes evidence of abscess,
pseudoaneurysm, fistulae, new dehiscence of a pros-
thetic valve, leaflet perforation, and valve aneurysm.®3

Challenges and Updates in Diagnosis and Treatment

Evidence of extracardiac involvement by other imaging
modalities such as CT can be used to support IE diag-
nosis. Specifically for right-sided IE, |IE-associated pul-
monary pathologies such as parenchymal opacities,
nodules, cavitation, abscesses, and pleural effusions
are strongly suggestive of right-sided IE.%*

Invasive disease, such as the formation of cardiac
abscesses, cavities, or pseudo-aneurysms, is rare in
right-sided IE (0.7%) and the infection is usually lim-
ited to the TV leaflets and does not extend beyond the
annulus. In contrast, invasive IE is significantly more
common in aortic valve |E (65%) and mitral valve |E
(31%). It has been hypothesized that the development
of cardiac abscesses, cavities, or pseudoaneurysms
requires high intracavitary pressures and thus almost
never occur in the low-pressure right-sided cham-
bers.?® In the setting of right-sided IE, septic emboli
may cause acute RV pressure overload leading to
right-to-left shunting through a patent foramen ovale,
as shown in Figure 3E through 3I. Studies have shown
that pulmonary embolism may occur in patients with
cardiac device-related IE infection before or after trans-
venous lead removal procedure.5>% Moreover, stroke
is a devastating complication in patients with cardiac
device-related IE, and this is most commonly seen with

Figure 3. Complications of right-sided IE seen on echocardiography.

A through D, A 27-year-old IVDU patient presented with septic shock and methicillin-sensitive Staphylococcus aureus (MSSA)
bacteremia. On 2-D TEE (A) several large vegetations (green arrows) are seen on the tricuspid valve leaflets, and very severe tricuspid
regurgitation with turbulent flow suggestive of tricuspid stenosis are seen on color Doppler (B). The vegetation mass seen on 3-D
4-chamber view (C) caused valve destruction. Following these findings, the patient underwent successful valve repair surgery.
Unfortunately, the patient continued his heroin use and was readmitted 5 months later in a similar clinical scenario with recurrent
vegetations on his repaired valve on two-dimensional (2D) TEE (D). E through I, A 68-year-old patient with ischemic cardiomyopathy
was admitted for Staphylococcus aureus bacteremia and stroke. Large vegetation (red arrows) was seen adherent to the tricuspid
valve (red arrows) and to the pacemaker lead (blue arrows) on TEE 2D (E and G) and three-dimensional (3D) (F and H) short axis view
and 4-chamber view, respectively. Another vegetation was seen attached to the right atrium wall (I, yellow arrow). As the patient had
an early positive saline bubble study suggestive of patent foramen ovale, a paradoxical septic embolus from the right-sided vegetation
was likely the source of the patient’s stroke. AV indicates aortic valve; IVDU, intravenous drug user; LA, left atrium; LV, left ventricle;
RA, right atrium; RV, right ventricle; and TV, tricuspid valve.
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transvenous lead removal in the setting of a patent fo-
ramen ovale.’” In an analysis of cases with cardiac
device-related |E who underwent a transvenous lead
removal, the overall stroke rate was 1.9% and a pat-
ent foramen ovale was identified in 13.6% of the 774
cases in this study.®” Starck et al reported 101 cases of
cardiac device-related |E patients who underwent as-
piration of large vegetations (mean size 30.7+13.5 mm)
followed by transvenous lead removal that showed
complete procedural success of 94%.%8

MANAGEMENT OF RIGHT-SIDED IE

Intravenous antibiotics are the cornerstone of treat-
ment for right-sided IE affecting the TV. However, surgi-
cal intervention may be warranted in several situations,
as described in Table 3.'"° The proportion of patients
who are reported to undergo surgery for right-sided IE
ranges from 5% to 40%.5° Surgical techniques consist
of vegetation removal, radical debridement of vegeta-
tions, and infected tissue and valve repair. The use of
prosthetic material (ie, valve replacement) should be
avoided when possible.®® Surgical techniques can be
also divided into “prosthetic” (tricuspid valve replace-
ment or ring annuloplasty) or “nonprosthetic” (annulo-
plasty, bicuspidization, vegectomy [solely removing the
vegetation], or valvectomy [removal of tricuspid valve
leaflet]). For right-sided IE associated with VDU, surgi-
cal management should strive to avoid artificial mate-
rial and focus on vegetation removal and valve repair,
which are associated with better late survival.®® In a
systematic review by Yanagawa et al of 1165 patients
who underwent surgery for TV endocarditis, the most
common indications for surgery were septic pulmonary
embolism, concomitant left-sided IE, right heart failure,
and persistent bacteremia despite antimicrobial ther-
apy. Nearly 60% underwent TV repair and 40% had
TV replacement, mostly with a bioprostheses (83%).
The authors concluded that TV repair and replacement
offer comparable long-term survival; however, TV repair
should be the preferred approach as it offers longer
freedom from recurrent |E and reoperation, as well as
lower rates of pacemaker implantation.f® Operative

Table 3. Indications for Surgical Interventions for Right-
Sided Infective Endocarditis

Persistent bacteremia for >7 d
(eg, Staphylococcus aureus,
Pseudomonas aeruginosa)
despite adequate antimicrobial
therapy

Microorganisms difficult to
eradicate (eg, persistent fungi)

Large, persistent tricuspid valve
vegetations (>20 mm)

Recurrent pulmonary emboli
with or without concomitant right
heart failure

Right heart failure secondary to
severe tricuspid regurgitation

Abscess (more common in the
setting of prosthetic valve)

J Am Heart Assoc. 2020;9:e017293. DOI: 10.1161/JAHA.120.017293

Challenges and Updates in Diagnosis and Treatment

mortality for TV surgery in the setting of right-sided
IE ranges between 6% and 10%.5'-6% Although TV re-
placement increases the risk of valve-related complica-
tions and recurrent IE, especially with IVDU, complete
resection of the TV may result in high morbidity related
to right heart failure.84-%" In a multicenter registry with
a 25-year follow-up, Di Mauro et al reported 157 cases
(38% associated with IVDU) of isolated TV IE that were
treated surgically. Forty-nine percent underwent TV re-
pair, 46% underwent TV replacement with a biopros-
thesis, and the remainder (5%) had a TV replacement
with a mechanical valve. Early postoperative mortal-
ity was reported to be 11%. The risk factors for poor
outcomes were older age, mycotic infection, VDU, TV
replacement, presence of intracardiac implantable de-
vices, and a redo procedure. No significant difference
in short- and long-term survival was found between
TV repair versus replacement.®® Overall, the incidence
of tissue valve thromboses is reported to be between
0.1% and 6% per year, with bioprosthetic aortic or
mitral valves but as high as 20% with bioprosthetic
tricuspid valve.?%70 The increased risk of tricuspid bio-
prosthetic valve thromboses is thought to be related to
lower pressures on the right side of the heart and thus
slower blood flow across the valve and more potential
for stasis.”

In the setting of an implantable device or pacemaker
lead, in addition to appropriate antibiotic therapy, all in-
fections represent an indication to remove the device
and all implanted leads. Early diagnosis of cardiac
device related infection, including pocket abscess,
erosion, bacteremia, lead vegetation, and endocar-
ditis, and performing lead extraction within 3 days of
diagnosis are associated with lower in-hospital mor-
tality.” Because of its high success rate of 96.7% at
a complication rate of 1.7% to 1.8% and an intrapro-
cedural mortality rate of 0.3% to 0.4%, interventional
transvenous extraction of pacemaker leads is favored
over surgical extraction.?® As an alternative to surgery,
several case series have described the use of percu-
taneous, vacuum-assisted devices for the removal of
right-sided intracardiac masses.”®>”” The use of per-
cutaneous aspiration devices is effective in removing
large TV vegetations in cases where the risk of tricus-
pid surgery is prohibitive. In 2014, the US Food and
Drug Administration approved the AngioVac system
(AngioDynamics, Latham, NY) for the removal of un-
wanted intravascular materials (thrombi and emboli).”
Figure 4 demonstrates the system, which is composed
of a venous drainage cannula and a reinfusion (venous
return) cannula, which are connected to an extracor-
poreal circuit pump head and bubble trap. When the
bypass pump is started, a suction force is created,
which facilitates the aspiration of blood and throm-
botic/vegetation materials into the tip of the cannula
and then circulating the blood through a filter. After
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Figure 4. AngioVac system. AngioVac system (courtesy of Angiodynamics, Latham, NY).

filtration, the drained blood is returned to the patient
via a second percutaneously placed reinfusion venous
cannula through the internal jugular or femoral vein.”®
Figure 5A through 5D shows a case where percutane-
ous aspiration device was successfully used to remove
alarge TV vegetation. George et al retrospectively ana-
lyzed 33 patients with TV IE that underwent debulking
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of large vegetations (2.1+£0.7 cm on average) using a
percutaneous aspiration device. Reduction in vegeta-
tion size was observed in 61% of cases and 91% of
patients were discharged home.”® Patel et al reported
that the use of percutaneous aspiration device prior
to percutaneous lead extraction may reduce the inci-
dence of septic pulmonary emboli, in cases of cardiac
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Figure 5. Tricuspid valve methicillin-sensitive Staphylococcus aureus MSSA IE and pacemaker-lead Staphylococcus IE
cases treated with AngioVac system.

A through D, A 28-year old female with a history of congenital long QT syndrome and prophylactic implantable cardioverter defibrillator
implantation at the age of 14. She underwent several generator replacements and lead revisions, with the last one occurring 1 month
prior to her admission. She was admitted due to fever and chills, a new systolic murmur and splenomegaly on physical examination.
Blood cultures were positive for coagulase negative staphylococcus. TTE was nondiagnostic; however, two-dimensional (2D) (A)
and three-dimensional (3D) (B) TEE showed a large adherent mass on the pacemaker lead (blue arrow). The patient underwent lead
extraction; however, following the procedure she developed pulmonary emboli. Repeated TEE showed a large residual tricuspid
vegetation (C, red arrow). Therefore, a percutaneous vacuum-assisted aspiration device was used to successfully remove the residual
tricuspid vegetation. Following the aspiration procedure, no vegetations were observed by TEE (D), and the patient’s infection
completely resolved. E and F, A 33-year-old female with history of IVDU was admitted due to fever. Blood cultures were positive for
methicillin-sensitive Staphylococcus aureus (MSSA), which did not respond to oxacillin treatment. TEE revealed a large tricuspid valve
vegetation (E, yellow arrow) with significant tricuspid regurgitation. Her hospital course was complicated by septic pulmonary emboli
and hemoptysis. She was considered high risk for surgery and therefore underwent a successful percutaneous vacuum-assisted
aspiration of her tricuspid vegetation. On follow-up TEE a few days after there were no evidence of any tricuspid vegetation and only
mild tricuspid regurgitation (F). Her condition gradually improved, and she was discharged home. Nine months later, her follow-up TTE
showed no evidence of vegetations. 3D indicates three-dimensional; AV, aortic valve; IVDU, intravenous drug user; LA, left atrium; LV,
left ventricle; RA, right atrium; RV, right ventricle; TEE, transesophageal echocardiography; and TTE, transthoracic echocardiography.

device-related IE with a large vegetation adhered to the
intracardiac lead.”® Although the European Society of
Cardiology guidelines recommend surgery in candida-
associated |IE, Jones et al reported on a 25-year-old
woman with severe cardiomyopathy (ejection frac-
tion=10%), an implantable defibrillator, and Candida
albicans fungemia. The patient had a large vegetation
extending from the SVC into the RA, and a second
mobile echo density was observed within the RA. The
patient was felt to be too high risk for surgery; con-
sequently an AngioVac was used and it successfully
aspirated the vegetation. The patient’s symptoms re-
solved and blood cultures remained negative for over
8 months under antifungal therapy with fluconazole.®°
Parmar et al provided data on a 49-year-old VDU pa-
tient with a large (2.5x1.2 cm) TV vegetation for which
surgery has been recommended as the standard of
care per current European Society of Cardiology
guidelines.®! Following successful vegetation debulk-
ing using AngioVac, the patient had a small residual
vegetation (0.8x0.6 cm) that was treated successfully
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with antibiotics. In another case series, Schaerf et al
reported on 20 patients at high surgical risk with sep-
sis and cardiac device-related IE vegetations despite
medical therapy. All patients underwent vegetation as-
piration with AngioVac in addition to antimicrobial treat-
ment with subsequent resolution of their infection.®? As
discussed previously, Starck et al showed a very high
success rate in using AngioVac prior to infected lead
extraction, which further supports the use of percu-
taneous aspiration as it is highly effective and is as-
sociated with a low complication rate. The aspiration
of vegetations immediately prior and during the lead
extraction procedure may prevent septic embolization
into the pulmonary circulation, and this may lead to
better short- and long-term survival.%8

Figure 5E and 5F demonstrates a case of
pacemaker-lead associated IE, and Figure 2F and 2G
shows a case of fibrin sheath IE in SVC, both of which
were treated successfully with AngioVac.

However, percutaneous vacuum-assisted devices
have its own potential adverse risk, such as disruption
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of the vegetation leading to pulmonary embolization
and vascular access complications such as bleeding
and potential infection. Abubakar et al reported that
the risk of septic pulmonary embolism remains sig-
nificant at 34% to 55% in this subset of patients with
vegetations >1 cm, as it predisposes to further infec-
tious complications including pulmonary abscesses
and refractory sepsis.”® However, to date there is no
prospective blinded head-to-head comparison of
AngioVac with either medical therapy or surgery, and
no guidelines references have been made yet.

PROGNOSIS

The main risk factors for an adverse outcome in right-
sided IE are summarized in Table 4.

Right-sided IE is associated with better clinical out-
comes compared with left-sided IE. This is likely the
consequence of multiple factors including right-sided
IE patients being younger; tricuspid valve dysfunction
has fewer hemodynamic consequences than mitral or
aortic valve |E; there is less systemic embolization, less
abscess formation, and less drug-resistant infection
and thusis clinically better tolerated.®384 Several reports
showed that most right-sided IE cases respond to ap-
propriate antibiotic therapy without complications from
extravalvular extension, and mortality rates are gener-
ally <56% to 10%, even without surgery.'>®88 |n a ret-
rospective study of patients with |E (N=215), Stavi et al
reported that in-hospital mortality was lower among
patients with right-sided |IE compared with left-sided
IE (2.6% versus 17%, P=0.037).8" In addition, left-sided
IE has higher rates of local invasiveness and systemic
embolization. Vegetation length >20 mm and fungal
etiology were the main predictors of mortality in a large
retrospective cohort of right-sided IE in IVDU. In HIV-
infected patients, a CD4 count lower than 200 cells/mL
is a predictor of adverse outcome.'? Despite relatively
low in-hospital mortality, right-sided |E is associated
with a high risk of recurrence, specifically in IVDU."® The
major risk factors for cardiac device-related |IE are renal
failure, history of device infection, procedure duration,
multiple repeated procedures, lead repositioning due
to lead dislocation, postoperative pacemaker pocket

Table 4. Factors Associated With Poor Prognosis in Right-
Sided Infective Endocarditis

Persistent infection that does not respond to antibiotic therapy

Patients with worsening tricuspid regurgitation contributing to
deteriorating right heart failure

Increase in vegetation size despite antibiotic treatment

Fungal etiology

Recurrent septic pulmonary emboli

Septic shock

Multivalvular involvement
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hematoma formation, fever <24 hours preimplantation,
and corticosteroid therapy.?388

CONCLUSIONS

Right-sided IE has several unique features, which differ
from left-sided IE, such as the population at risk, caus-
ative microorganisms, type of complications, response
to medical therapy, and prognosis. Imaging with TTE
and TEE for nonstandard locations of right-sided IE (ie,
right-sided embryonic remnants, SVC fibrin sheath)
should be performed when clinical suspicion for right-
sided IE is high and TV vegetations are not detected.
As the prevalence of IVDU and intracardiac device im-
plantation is increasing, clinicians are likely to encoun-
ter more patients with right-sided |E and thus should
have a high index of diagnostic suspicion as well as
awareness of newer therapeutic options (ie, percuta-
neous aspiration devices). More studies are required
to establish the role of positron emission tomography/
CT in diagnosis of right-sided IE, and on the use of the
percutaneous aspiration devices in the management
of right-sided |E and cardiac device related IE.
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