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Right-Sided Infective Endocarditis and Pulmonary Infiltrates
An Update
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ZAbstract: Sixty years after its initial description, right-sided infective endo-

‘Ecarditis (RSIE) still poses a challenge to all medical practitioners. Epidemio-
glogical data reveal a rising incidence attributable to the global surge in the
=number of intravenous drug users and the increased use of central vascular
gcatheters and implantable cardiac devices. RSIE differs from left-sided infec-
3tive endocarditis in more than just the location of the involved cardiac valve.
%_They have different clinical presentations, diagnostic findings, and prognoses;
Shence, they require different management strategies. Cardiac murmurs and
%_Systemic emboli are usually absent in RSIE, whereas pulmonary embolism

sand its related complications dominate the clinical picture. Diagnostic delay

20f RSIE is secondary to the similarity in its initial presentation to other enti-

Zties. Complications may ensue as a result of this delay. Diagnosis can be ini-
o %tially confirmed by using transthoracic echocardiography, except in patients
s éwith implanted cardioverter defibrillator, where a transesophageal echocar-
3 2diogram is necessary. Various factors may increase mortality and morbidity
=in RSIE such as tricuspid valve vegetation size, fungal etiology, and low CD4
Ecell count in HIV patients. Oxacillin and vancomycin had been the tradition-
dally used agents for the treatment of methicillin-susceptible and methicillin-
Sresistant Staphylococcus aureus, respectively. More recently, daptomycin has
Qshown promising results, which has led to its Food and Drug Administra-
stion (FDA) approval for the treatment of S. aureus bacteremia and associated
RSIE. The aim of this article is to provide a comprehensive update on RSIE
including epidemiology, pathogenesis, microbiology, diagnosis, management,

and prognosis.
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In 1885, Osler! provided the first comprehensive description of
infective endocarditis (IE); however, it was not until 1950 that
Hussey and Katz?> described a series of 8 intravenous drug users
(IDUs) with right-sided infective endocarditis (RSIE). RSIE accounts
for approximately 10% of the total IE cases.> Based on predisposing
risk factors, 4 main patient populations can be distinguished: IDUs,
patients with implanted cardioverter defibrillators (ICDs), patients
with central venous catheters (CVCs), and lastly patients with under-
lying right-sided cardiac anomalies. In contrast to left-sided infective
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endocarditis (LSIE) where only about 20% are IDUs, IDUs constitute
the main patient population in RSIE, with the tricuspid valve being
almost always involved.* In addition, the increased use of ICDs in the
management of patients with cardiac arrhythmias and heart failure
has led to an increase in the incidence of RSIE in this patient popu-
lation as well.> In a patient with an ICD, the development of RSIE
usually signals a severe infection that has spread beyond the pocket,
extending up to the insertion leads.® In addition, RSIE in patients
with ICD is problematic because it is characterized by frequent nega-
tive blood cultures, highly variable clinical presentation, and a fre-
quent delay in diagnosis, all leading to increased mortality rates.’
RSIE is also seen in patients with various intravascular devices other
than ICDs, for example, central lines, intra-aortic balloon pumps,
and ventricular assist devices.® Prevention and early recognition are
key to avoiding additional disease burden in these patients. More-
over, the “3 nos” group is a recently defined group that encompasses
the no IDUs, no ICDs, and no LSIE group of patients.’ This specific
population of patients comes with a higher morbidity and mortality
risk because it is composed mainly of middle-aged men with mul-
tiple comorbidities and health-care related infections. Some of these
patients have intravascular catheters as the main source of bactere-
mia, particularly with staphylococci, with high rates of methicillin-
resistant Staphylococcus aureus (MRSA, 33%), which suggests the
nosocomial nature of their infection.’ Lastly, RSIE can also develop
in patients with congenital heart diseases or in patients with surgi-
cally corrected congenital cardiac anomalies.!®'? This patient group
will not be covered in this review.

The aim of this article is to provide an updated review of RSIE
infection, its epidemiology, pathogenesis, microbiology, diagnosis,
management, and prognosis.

EPIDEMIOLOGY

A global increase in the incidence of RSIE has been reported,
primarily attributable to a global rise in the number of IDUs, along
with the increased use of ICD/CVC in modern patient care.'315
The lack of accurate data on the prevalence of illicit IDU hampered
the proper estimation of RSIE incidence, but an incidence of 2—4
cases per 1000 years of IDU has been generally accepted.'>!!” RSIE
in IDUs is more common in males (ratio 3:1).!° A typical patient is
a young male in his early 30s, an age that is significantly younger
than all other age groups affected by IE.'"® Female IDUs tend to
have frequent involvement of the mitral valve, possibly due to the
higher prevalence of subclinical mitral valve prolapse.'®! Recur-
rence of RSIE is common in IDUs, with drug addicts having shorter
time intervals between recurrent episodes.”” Although IDU consti-
tutes the highest risk factor for the development of RSIE, patients
with an ICD and CVC account for approximately 9% of the total
population affected by RSIE.?!> A retrospective analysis of RSIE in
non-IDUs showed that patients tended to be younger and had higher
incidence of congenital heart disease and CVC use and a higher veg-
etation size when compared with those with LSIE.?® The distribu-
tion of the valves involved in RSIE is estimated to be as follows:
tricuspid valve (90%), pulmonary valve (5%),** and Eustachian
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valve (3%).” Concomitant LSIE and RSIE are not uncommon and
account for approximately 13% of total IE cases.?***?’” Moreover,
involvement of the interventricular septum and right ventricular free
wall has also been reported.?® Finally, despite the decline of RSIE
incidence in HIV-infected patients due to the advent of antiretroviral
therapy, HIV-seropositive patients with CD4 cell counts less than 200
cells/mm? remain at a greater risk for developing RSIE.? A recent
report suggested a change in the epidemiology of RSIE in the past 5
ears.!! Patients were observed to present in their 40s instead of early
0s, with more IDUs having larger vegetations and more S. aureus
infections. Also, more valve insufficiency and embolic events were
reported with significantly reduced rates of abscess formation and
Svalve perforation.!!
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PATHOGENESIS

RSIE shows a strong predilection for the tricuspid valve, but
he exact pathophysiology underlying this observation is still not
very well understood. Intravenous (IV) drug injection bombards the
ricuspid valve the most, and repeated injections have been asso-
ciated with inoculation of small bacterial loads that may lead to
cumulative subclinical endothelial damage, ultimately culminating
in infection.!*?* Moreover, specific substances that may be injected
with IV drugs, such as talc, generate direct endothelial damage and,
therefore, predispose to infection.'®** Also, particulate matter up to
Omm in size may cross the pulmonary circulation and damage the
mitral or aortic valve.?” Cannon and Cobbs®' were the first to show a
link between talc-induced subendothelial granulations in the tricus-
id valve and an increased risk for subsequent bacterial infection.
t is unknown, however, whether this damage confers an increased
risk of IE after IDU discontinuation. Another proposed mechanism
involves antibody-inducing antigenic substances present in injected
&drugs that lead to immune complex formation and deposition mainly
on the tricuspid valve, thus creating a nidus for bacterial adhesion.*?
Moreover, IDUs have higher rates of nasal and cutaneous S. aureus
colonization, further predisposing them to RSIE.** A summary of all
Zproposed theories is highlighted in Table 1. However, a clear under-
standing of the pathophysiology of RSIE in patients with ICD/CVC
is relatively more established, with the process starting by bacterial
contamination at the period of implantation or through subsequent
handling.3*
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MICROBIOLOGY
S. aureus is the most common organism responsible for
RSIE in both IDU and non-IDU, with MRSA being especially wor-
risome.>>** MRSA was reported to produce highly aggressive RSIE
with multiple pulmonary abscesses and subsequent development of

TABLE 1. Pathophysiology of RSIE

(a) Repetitive drug injections and inoculating quantities of bacterial load
may generate cumulative subclinical endothelial damage to the tricuspid
valve and ultimately infection

(b) Injection of specific substance such as talc along with illicit drugs may
generate transient or permanent endothelial damage to the tricuspid valve

(c) Injection of external antigens precipitating immune complex valvular
deposition creating a nidus for bacterial adhesion

(d) Cocaine-induced vasospasm and thrombus formation detrimental
selectively on the tricuspid valve

(e) Higher nasal and cutaneous colonization rates with Staphylococcus
aureus in intravascular drug user

(f) The amplified matrix molecules’ expression on the right side increases
the capacity of binding microorganisms

RSIE indicates right-sided infective endocarditis.

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

septic shock.**> Over the past 2 decades, the emergence of vanco-
mycin-resistant S. aureus* and vancomycin-intermediate S. aureus
(VISA) strains has become evident.** Infections with these strains
are associated with high rates of treatment failures. This prompted
a call for the development of new classes of antimicrobials with
the ability to effectively target vancomycin-resistant S. aureus and
VISA, such as the lipopeptides. Daptomycin was the first lipo-
peptide antibiotic indicated for the treatment of MRSA and VISA
RSIE.#46

Less common pathogens causing RSIE include coagulase-
negative staphylococci and Strepfococcus sp. An association has
been described between Streptococcus pneumoniae RSIE and
chronic alcoholism.*” Another association was reported between
pentazocine IV drug abuse and Gram-negative bacilli RSIE.* Fungal
RSIE such as infection with Candida albicans is more frequently
reported in heroin abusers.**° Negative blood culture RSIE, more
frequent in patients with ICD, has been reported where Aspergillus
sp. was grown from the pacemaker.’'*> Propionibacterium acnes has
also been described in blood culture—negative RSIE, and it usually
presents with a long history of complaints and minor clinical signs
of disease.”

DIAGNOSIS

Clinical Presentation and History

The diagnosis of RSIE is often challenging, resulting in a
delay of the timely initiation of appropriate antimicrobial therapy,
therefore, adversely affecting mortality, morbidity, and treatment-
related costs.””*® Many signs that are typically associated with LSIE
are usually absent in RSIE, for example, absence of typical patho-
logical cardiac murmurs on auscultation at the time of admission
or their development at a relatively late stage,’* lack of peripheral
embolization, including splinter, and conjunctival hemorrhages,
whereas septic pulmonary embolism complicates 75% of tricuspid
valve endocarditis and presents with pleuritic chest pain, hemop-
tysis, and dyspnea.”? RSIE should be highly considered when
encountering a patient with relevant risk factors and presenting
with unrelenting spiking fever, bacteremia, and respiratory symp-
toms such as cough, chest pain, hemoptysis, and multiple pulmo-
nary infiltrates on chest imaging.>® Frequently, a delay in diagnosis
leads to further complications, such as pulmonary infarcts, pul-
monary abscesses, lung emphysema, and rarely pneumothorax.®!
S. aureus RSIE can present with extracardiac infections involving
the brain, spleen, and kidneys.** RSIE of the tricuspid valve spe-
cifically presents with the “tricuspid syndrome,” which is the con-
stellation of persistent fever, pulmonary symptoms, anemia, and
microscopic hematuria.!! This was seen in 28% of the “3 nos” group
in a descriptive study in a tertiary care center. This study suggests
that in patients with persistent fever and respiratory signs and symp-
toms, RSIE should be considered in the differential diagnosis, even
if classical predisposing factors (cardiac devices and IDU) were
not present.” Blood cultures are of paramount importance in the
diagnosis, management, and prognosis of RSIE. Current guidelines
recommend obtaining 3 sets of blood cultures, from different veni-
puncture sites, 1 hour apart, cultured in both aerobic and anaerobic
media before antibiotic administration.®** It is imperative to con-
sider blood culture—negative RSIE, especially when patients have
a history of IDU or ICD associated with persistent fever and nega-
tive cultures after 7 days of incubation and subculturing of at least
3 blood samples in a standardized blood culture system.® The pres-
ence of implantable pacemakers or any cardiac devices is in fact
considered a risk factor for culture-negative RSIE.® Around 7%
of overall ICD-related IE are associated with negative blood cul-
tures.® Clinicians have to keep in mind that there are many medical
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TABLE 2. Diseases With Clinical Presentations Similar
to RSIE

Atrial myxomas
Adult Still’s disease
Antiphospholipid syndrome
SLoeffler’s endocarditis
= Pneumocystis jiroveci pneumonia in HIV-infected patients
§_Pulmonary tuberculosis
2Meningococcemia

RSIE indicates right-sided infective endocarditis.
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Sconditions that can present with a similar clinical picture to RSIE;
#those conditions are summarized in Table 2.

~Imaging and Echocardiography
2 Chest radiographs often reveal important diagnostic clues in
Spatients with RSIE. At presentation, more than 50% of chest radio-
§graphs show single or multiple pulmonary infiltrates with central
Scavitation compatible with septic pulmonary emboli.” Computed
Stomography scans, however, are superior to chest radiography in
Zdelineating the extent of septic pulmonary emboli.®” Additional find-
gings include thickening and enhancement of the visceral and pari-
Zetal pleurae with extra pleural fat inflammation that are features of
Semphysema, a complication of untreated RSIE.®” Nodules typically
%measure between 5 and 35mm and favor basilar and peripheral
zlung locations, and they may increase in number on a daily basis.*’
ETransthoracic echocardiography (TTE) is the diagnostic modality
oof choice in the initial workup of RSIE. TTE’s high sensitivity in
Zdetecting RSIE may be comparable with transesophageal echocar-
Zdiography (TEE).® 75 Hence, TEE remains nonmandatory in RSIE
sexcept in selected clinical situations for specific indications, which
Zare highlighted in Table 3, for example, in patients with ICD when
ﬁthere is a clinical suspicion of RSIE.”*7® However, these findings
swere refuted in a recent study showing that TTE may be unsuitable
%for RSIE patients with no history of IDU or ICD because multifo-
cal and atypically distributed vegetations may influence detection
accuracy.” The low-pressure pulmonary circulation may allow fur-
ther growth of right-sided vegetations, and as a result, large tricuspid
valve vegetations of greater than 2 cm are frequent and can be con-
fused with intracardiac tumors.”” Other common problems that may
complicate the echocardiographic diagnosis of RSIE include normal
anatomical right heart variations, such as the presence of a prominent
Chiari complex or a large Eustachian valve. Also, right atrial venous
catheters or thrombi may be misdiagnosed as right-sided vegeta-
tions.”” Furthermore, it remains difficult to differentiate old from
new vegetations based on echocardiography although old vegetations
tend to be more hyperechogenic and calcified.*® The use of 3-dimen-
sional echocardiography is advised in patients with RSIE who have a

TABLE 3. Evaluating RSIE: When Is TEE Indicated?

(a) Implantable cardiac devices

(b) Central vascular catheters

(c) Poor acoustic transthoracic window (elderly or obese)

(d) Suspicion of left-sided infective endocarditis

(e) Suspicion of Eustachian valve involvement

(f) Suspicion of pulmonary valve involvement

(g) Negative or nonconclusive TTE and moderate or high clinical suspicion

(h) Negative or nonconclusive TTE and poor clinical course with no
diagnostic alternative

RSIE indicates right-sided infective endocarditis; TEE,

echocardiogram; TTE, transthoracic echocardiogram.

transesophageal
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prosthetic tricuspid valve or a tricuspid annuloplasty ring; 3-dimen-
sional TEE can locate challenging right-sided vegetations especially
in the setting of artifacts on TTE or traditional TEE.®! Recently,
18F-fluorodeoxyglucose positron emission tomography/computer
tomography (18-FDG PET CT), which has classically been used in
the diagnosis of malignancies, has been increasingly reported to be
of use in diagnosing deep-seated infections, including IE, especially
in diagnosing extracardiac complications.®” A study by Kestler et al,*
where 47 patients were matched to 94 controls, reported a sensitivity
of 100% and a specificity of 80% when using 18F-FDG PET for the
diagnosis of septic lesions. Nevertheless, these data should be inter-
preted with caution as another study by Kouijzer et al®* examined
72 patients with Gram-positive bacteremia and reported a sensitivity
and specificity of 39% and 93%, respectively.

PROGNOSIS

Compared with LSIE, RSIE is usually associated with a favor-
able prognosis and low mortality rates.** Conservative medical man-
agement is successful in most patients. Factors that were traditionally
associated with poor prognosis included vegetation size (where a veg-
etation size >2 cm was associated with mortality rates similar to those
seen in LSIE®*%), fungal etiology, presence of acute respiratory distress
syndrome,*® and lastly, a CD4 count less than 200 cells/mm® in HIV-
infected patients.’” Moreover, in patients with ICD, RSIE is associated
with higher mortality rates and a worse clinical outcome. Victor et al”™®
studied 210 patients with ICD and IE and reported an overall mortality
rate of 18%. Four factors were found to be associated with increased
mortality rates: systemic embolization, moderate-to-severe tricus-
pid regurgitation, abnormal right ventricular function, and abnormal
renal function. Lead vegetation size and mobility were not found to be
significantly associated with increased mortality. Unfortunately, most
studies addressing RSIE in patients with ICD have limitations, such as
variability in the population characteristics and diagnostic modalities.

MEDICAL MANAGEMENT

Early diagnosis, administration of empiric, and later targeted
antibiotic therapy, combined with close follow-up, are vital for
improving outcomes and reducing hospital stay in patients affected by
RSIE. Even though empiric antibiotic therapy can be initiated imme-
diately after collecting 3 sets of blood cultures, this may not always
be necessary. In fact, for mild cases, a delay until drug susceptibility
results are obtained is considered appropriate,® which allows for a
definitive diagnosis with simultaneous reduction in unwarranted anti-
biotic use and, therefore, prevention of emergence of resistance. In
institutions with a low MRSA prevalence, the most commonly used
empiric regimen for RSIE is a combination of an antistaphylococ-
cal 3-lactam with an aminoglycoside.* As for institutions with a high
prevalence of MRSA, a combination of vancomycin plus gentamicin
would be indicated.** Daptomycin is Food and Drug Administration
approved for the treatment of S. aureus bacteremia and RSIE.” The
management of other less common bacterial pathogens consists of
the same antibiotic regimen used for LSIE and treatment is to be tai-
lored according to the susceptibility profile. Because S. aureus is the
most common causative organism in RSIE, we will only discuss the
treatment of methicillin-susceptible S. aureus and MRSA RSIE in this
review.

Patients with RSIE caused by methicillin-susceptible S. aureus
can benefit from a 2-week combination of gentamicin and flucloxacil-
lin.! The in vitro synergetic effect of an aminoglycoside accelerates
resolution of fever and bacteremia,” but it has not been shown to have a
beneficial effect on mortality.***° Considering its potential nephrotoxic-
ity and ototoxicity, it is important to closely monitor the patients during
gentamicin use®®’” and limiting its use in some cases to the first 5 days

© 2015 Wolters Kluwer Health, Inc. All rights reserved.
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of therapy may be judicial.”® In a randomized, controlled trial, patients
with native valve endocarditis either received antistaphylococcal peni-
cillin or vancomycin plus initial low-dose gentamicin or received dap-
tomycin monotherapy. Initial low-dose gentamicin, as part of therapy
for S. aureus bacteremia and native valve infective endocarditis, was
shown to be nephrotoxic and was not advised to be used routinely.*
OVancomycm for 4 weeks was considered in the past the drug of choice
=for MRSA RSIE.*!'® Nonetheless, due to its limited bactericidal activ-
S CL1ty and poor penetration into vegetation tissue,'”1?? it can result in
“relatively high failure rates.”® An additional serious concern is the emer-
ence of S. aureus strains with heterogeneous resistance to vancomycin,
thh are associated with both very high treatment failure rates and
creased mortality.!” Despite its inactivation by the lung surfactant,
daptomycm has been found to be effective in the treatment of septic
“pulmonary infarcts associated with RSIE. Compared with vancomy-
2c1n daptomycin offers the advantage of rapid bactericidal activity and
Oa potent acthlty against S. aureus strains with heterogeneous resistance
gto vancomycin. Despite the reservations about using daptomycin in
Spneumonia, it has been found to be effective in the setting of septic pul-
monary emboli in RSIE.'"*1%7 A study by Levine and Lamp'® reported
a beneficial outcome in 86% of daptomycin-treated RSIE cases, and
Dohmen et al'” reported a treatment success rate of 91% when dap-
omycin was used after treatment failure with glycopeptides for RSIE.
aptomycin was recently approved by Food and Drug Administration
for the treatment of RSIE and associated bacteremia at a dose of 6 mg/
kg/day. In addition, due to its concentration-dependent killing, high-
dose daptomycin (8—12mg/kg/day) was suggested for the treatment of
complicated staphylococcal infections, including RSIE, in previously
failed therapy with vancomycin, or in patients who possess an S. aureus
isolate with an elevated vancomycin minimum inhibitory concentration
MIC).""® New glycopeptides, including dalbavancin and telavancin,
nd the new cephalosporins ceftobiprole and ceftaroline, have not yet
een studied for the treatment of endocarditis but appear active against
MRSA, heteroresistant strains, and potentially VISA.""! Linezolid, orig-
inally approved for skin and soft-tissue infections and pneumonia, was
also used off-label for the treatment of IE in a case report of a prosthetic
valve RSIE with MRSA and teicoplanin-heteroresistant S. aureus. The
patient was treated successfully with IV linezolid and rifampin.!''?
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Short-Course Therapy and Oral Regimens

Historically, the duration of treatment for RSIE was between
4 and 6 weeks. However, IDUs tend to be noncompliant and reluc-
tant to remain in the hospital for long periods for the fear of drug
withdrawal symptoms. In addition, it might be risky and unsafe
to discharge these patients with a peripheral catheter for IV home
therapy. This prompted the investigation for a shorter antibiotic
course in this patient population and the search for an oral regimen.
Studies have shown that RSIE can be treated with a 2-week course
of antibiotics®'*!"*; a combination of an aminoglycoside with a
B-lactamase-resistant penicillin for 2 weeks reported a 92% cure
rate in S. aureus RSIE."® A nonrandomized clinical trial comparing
short- vs long-course therapy with cloxacillin or vancomycin com-
bined with gentamicin for 2 weeks and cloxacillin or vancomycin
for 4 weeks demonstrated a cure rate of 100% in the 2 treatment
groups.''® Another interventional study from Spain compared the
efficacy of cloxacillin alone versus cloxacillin and gentamicin for
2-week duration in 90 IDUs with isolated tricuspid valve endocar-
ditis.""” Results showed that cloxacillin for 2 weeks alone can be
sufficient for the treatment of this population, and combining gen-
tamicin did not add any benefit. However, adding gentamicin might
be warranted in planned longer therapy, Streptococcus viridans or
MRSA infection, or concomitant involvement of the left side.

Overall, it is crucial for the patient to be closely monitored in
a hospital setting when deciding on a 2-week antibiotic course. In

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

TABLE 4. When Is a 2-Week Course of Antibiotics
Contraindicated in RSIE?

(a) Suspicion or confirmed left-side infective endocarditis!!>!15-12!

(b) Suspicion or confirmed MRSA or any other resistant pathogens'"”

(c) Patient with underlying cardiac complications''®

(d) Distant metastatic site of infection

(e) HIV infection with CD4 counts <200 cells/mm?

(f) Large vegetation: >1.8 cm or >1 cm not decreasing in size after a 2-week
course of antibiotics!'?*12!

MRSA indicates methicillin-resistant Staphylococcus aureus; RSIE, right-sided
infective endocarditis.

addition, decision for therapy discontinuation should be taken by an
infectious diseases specialist on the last day of the 2-week period. Con-
traindications for a 2-week course are summarized in Table 4."13-118-121

Oral therapy for RSIE was studied in a clinical trial by Held-
man'?> who compared oral ciprofloxacin and rifampin for 4 weeks
versus IV oxacillin or IV vancomycin (plus IV gentamicin for the
first 5 days) for 4 weeks. Oral therapy showed a 90% cure rate and
an improved toxicity profile. Dworkin et al'*® previously used an oral
regimen on a population of 13 IDUs composed of IV ciprofloxacin
and oral rifampin for 1 week followed by oral ciprofloxacin and oral
rifampin for 3 weeks with a 77% cure rate. A single case of suc-
cessful use of oral linezolid therapy for 4-week duration has been
reported in a 28-year-old patient with MRSA RSIE.'?*

Management of RSIE in Patients With an Implanted
Cardioverter Defibrillator

Most patients with ICD suffering from RSIE will develop
uncontrolled sepsis and serious complications. Therefore, the recom-
mended treatment approach consists of complete hardware removal,
mostly with percutaneous lead extraction, combined with aggres-
sive directed antimicrobial therapy guided by susceptibility results
for 4-6 weeks.!> A retrospective analysis of 52 consecutive patients
with ICD suffering from IE concluded that percutaneous lead extrac-
tion performed early, up to 3 days after admission, was associated with
improved survival and shorter hospital stay.'? These findings highlight
the importance of a high index of suspicion in this category of patients
even in the absence of classical clinical signs. Two recently published
case reports showed positive outcome with a combination of medical
and surgical interventions. One reported a patient with ICD-related IE
complicated by osteomyelitis treated with a combination of high-dose
daptomycin and fosfomycin in conjunction with ICD removal.'?’ The
other case is of a pacemaker lead RSIE caused by a daptomycin-non-
susceptible strain of VISA.!?® After 8 weeks of parenteral telavancin
therapy, the patient achieved a microbiological and clinical cure.

Assessment of the need for new device implantation should
be done, as patients may not require new device placement due to
many factors, for example, reversal of the pathological processes
or of the indications that were present at presentation. Removal of
the device should be preceded by a careful reimplantation strategy,
particularly in patients with pacemakers for third-degree atrioven-
tricular block and resynchronization therapy devices. If needed, new
device implantation should be performed on the contralateral side if
possible. Otherwise, a transvenous lead can be tunneled to a device
placed subcutaneously in the abdomen. If possible, reimplantation is
delayed to allow for the resolution of infection.®

Active fixation leads attached to pacing generators or defibrilla-
tors are now being used as a “bridge” until pacemaker implantation is
deemed appropriate. The optimal time of a new device reimplantation
is controversial, and differences in timing of reimplantation may vary
depending on (1) blood culture (median time of 13 days for bacteremic
patients versus 7 days for nonbacteremic patients) and (2) pathogen
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identified (median 7 days for coagulase-negative staphylococci versus
12 days for S. aureus). It is important to note that there have been no
clinical trials examining the optimal timing of new device implanta-
tion; however, several experts recommend waiting for the resolution
of bacteremia documented by a negative blood culture.®

PRINCIPLES OF SURGICAL MANAGEMENT OF RSIE
Valve surgery is rarely indicated for patients with RSIE as most
Scases resolve with adequate medical therapy. A valvulectomy, however,
Sis most commonly indicated for those suffering from either persistent
Zbacteremia or severe right heart failure. Patients with large vegetation
Ssize (diameter >10mm) and persistent fever might also benefit from
%surgery although some authors feel that medical treatment is enough.
5 »Nevertheless, in the case of very large vegetations (>20 mm), poor out-
Z Scome is expected with medical management alone.'”* Other less com-
Smon indications for surgery include complicated fungal RSIE with
;\)perivalvular abscess formation.®* Surgery in HIV-positive patients is
snot contraindicated; however, a low CD4 counts (<200 cells/mm?®) has
§been associated with low success rates when valvulectomy is per-
Sformed.*” Finally, it is important to note that pulmonary emboli are
not an indication for surgery because high response rate is observed

speojumoq
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=with medical management, especially with daptomycin.

The 3 principles of surgery in RSIE are (1) radical debride-
oment of vegetations and any infected tissue,' (2) vegetectomy and
gqvalve repair in IDUs whenever possible, avoiding artificial material,
Tbut if not technically feasible, then tricuspid valve replacement is
sperformed,' and (3) elimination of valve regurgitation.'** Surgeries
% Kcan be divided into those that use prosthetic material and those that

8eaadAvVO/FOAEIOVIHSALLIKIPOOAELIEa
a Ag ma

oo

%I')’ Suse native or autologous tissue (nonprosthetic techniques).'?
o
%EA. Surgical techniques using no prosthetic materials include 2
£ procedures:
5%
§‘§ a. Vegetectomy: complete removal of vegetations. If significant
Sm valve regurgitation remains after vegetectomy, it should be
g complemented with valve repair.

T b. Valvulectomy: removal of valve leaflets with chordae tendinae.

Relapse rates are higher after vegetectomy.'? In case, damage ex-
tends to be more than 1 leaflet and repair is not possible, valvulec-
tomy is recommended. In a series of 53 IDUs, Arbulu et al'?*1%
reported a survival rate of 64% at 22 years after valvulectomy,
subsequent severe tricuspid regurgitation was well tolerated, es-
pecially if pulmonary artery pressure was not elevated. Up to
33% of patients, however, may require subsequent valve implan-
tation, and some may suffer severe right ventricular dysfunction
as a complication. Valvulectomy is contraindicated in patients
with concomitant LSIE and elevated left atrial pressure.'?

B. Surgical techniques using prosthetic material:

Tricuspid valve replacement is rarely used, mainly due to good re-
sults of repair techniques. Valve replacement requires absence of
drug abuse during and after surgery. Replacement using a homo-
graft tissue valve is an option after valvulectomy. Moreover, tri-
cuspid valve replacement by a cryopreserved mitral homograft
is a newly described method providing atrioventricular compe-
tence. Finally, implantation of a stentless aortic porcine valve—
in an upside-down orientation—in the tricuspid position has
been recently reported to be an effective surgical alternative.'?

CONCLUSION

RSIE remains most common among IDUs. In addition,
patients with ICD and central catheters represent a rapidly grow-
ing subgroup at increased risk. A number of hypotheses have been
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proposed to explain the pathogenesis of RSIE, most important of
which are unusual immunological phenomena, direct inoculation,
and endothelial damage by the injected drugs. S. aureus is the most
common pathogen in RSIE. The diagnosis of RSIE requires a high
index of suspicion because early diagnosis improves mortality rates
and health-related costs, especially in patients with ICDs. RSIE
needs to be suspected in every patient presenting with pulmonary
manifestations, unremitting fever, and IE risk factors. RSIE has a
relatively benign prognosis when compared with LSIE. Vegetation
size greater than 2cm and fungal etiology are the principal factors
associated with poor prognosis. Uncomplicated RSIE can be con-
servatively managed with a short antibiotic course of 2 weeks. Dap-
tomycin has proved to be effective in the management of MRSA
RSIE complicated by pulmonary emboli. Whereas most RSIE cases
resolve with appropriate antimicrobial treatment with no need for
surgical intervention, patients with ICD require prompt percutaneous
lead extraction in combination with medical management.
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