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Intracardiac device and prosthetic infections:
What do we know?
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Infection of an intracardiac device or prosthesis represents
one of the more common reasons for infectious diseases con-

sultation in many hospital-based practices. As more patients
receive pacemakers or implanted defibrillators and undergo
valve replacement, it stands to reason that we will see more
patients with infections involving these devices. The manage-
ment of these challenging infections requires knowledge of
both the medical and surgical literature and a multidisciplinary
approach involving cardiologists, cardiothoracic surgeons,
infectious diseases physicians and microbiologists.

Several prospective and retrospective studies have exam-
ined the rate of prosthetic valve endocarditis (PVE). PVE is
divided into early and late, according to the time since surgery.
Cases falling within the first two months of surgery are consid-
ered to be early, although some authors consider early to be all
cases occurring within the first 12 months, because this also
represents the time frame for a surgical site infection in the
presence of an implant. Others consider this two to 12 month
period to be intermediate. Cases occurring outside the above
time frames are late PVE. In examining rates and etiologies in
the literature, these differences in definitions must be considered.

Using 12 months as the cut-off, Gordon et al (1) deter-
mined that 1% of patients undergoing valve surgery at the
Cleveland Clinic between 1992 and 1997 developed early
PVE. The risk decreased from 1.5% to 0.7% (P<0.01) from
1992 to 1997. This is similar to the 0.94% rate reported in a
German cohort where early PVE was considered to occur with-
in 60 days (2). These authors also noted a significant decline in
risk for early PVE over time, from before 1975 to 1992 (2). In
a Canadian study (3), 1.5% of patients developed late (after
60 days) PVE. The yearly risk of developing PVE after the
first 12 months is estimated to be between 0.3% and 0.6%
(2,4) with the five-year cumulative risk reported as 3.0% to
5.7% (4). There is little recently published data comparing the
PVE risk associated with either valve type (bioprosthesis or
mechanical) or site (aortic versus mitral), and the available
data are conflicting. Although there is a suggestion that
bioprosthetic valves and valves at the aortic position carry a
slightly higher risk, the differences are small and not likely to
be clinically relevant (1,2,4).

The etiology of PVE is well described. Although there is a
broad range of potential pathogens, most cases are due to a

relatively small number of organisms with some distinction
between early and late PVE. Staphylococcus aureus and coagulase-
negative are the predominant organisms in early PVE, regardless
of a definition of less than two or less than 12 months (1,4-8).
The predominant organisms in late PVE are, not surprisingly,
similar to those causing native valve endocarditis (NVE) with
streptococci, enterococci and S aureus most commonly isolated
(2,4,5,7,9). Gram-negative bacilli, fungi and fastidious Gram-
negative coccobacilli belonging to the Haemophilus species,
Actinobacillus actinomycetemcomitans, Cardiobacterium hominis,
Eikenella corrodens, and Kingella species (HACEK) group are
more unusual causes (10% or less) with Gram-negative bacilli
and fungi tending to occur with early PVE, and HACEK
organisms with late PVE (4-6). Approximately 3% to 10% of
PVE is culture-negative (2,4,5,9).

The clinical features of PVE have been well described.
Investigators in Israel reviewed 108 cases of endocarditis diag-
nosed during the years 1990 to 1999 and found no clinical fea-
tures that distinguished native and prosthetic valve
endocarditis (10), in keeping with prior impressions (4,11). In
particular, embolic findings occur no more nor less frequently
(10,12,13). Others have reported somewhat different findings.
One group (14) found that patients with PVE more commonly
had atrial fibrillation and sepsis, and another (8) found that
they more commonly had congestive heart failure and sepsis
and less frequently had vegetations. In one study (15), the
Duke criteria were found to be 79% sensitive in making a def-
inite diagnosis of PVE in 76 surgically confirmed cases. The
sensitivity of the Duke criteria could be increased to 97% for
late PVE by adding heart failure and conduction disturbances
to the minor criteria. The specificity of the criteria could not
be assessed.

Treatment guidelines for staphylococcal PVE generally rec-
ommend a combination of two or three agents, regardless of
species or methicillin susceptibility (4,16,17). Rifampin is sug-
gested because of its excellent tissue penetration, ability to
enter phagocytes and kill intracellular organisms and ability to
kill stationary organisms (18). However, rifampin resistance
can develop, even in the setting of combination therapy
(19-22). Because of its relatively high intrinsic resistance rate,
rifampin resistance is more likely to develop in the presence of
a large number of organisms. It has therefore been suggested,
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that to prevent resistance, regimens selected for treatment of
staphylococcal PVE should contain two active antistaphylo-
coccal antibiotics (4). Where this cannot be done, it has been
suggested that rifampin should be started three to five days
after a single agent has been administered (4).

The evidence from in vitro and in vivo animal studies that
examine the interactions between various combinations of
antibacterials against susceptible and resistant strains of
staphylococci is less than robust. The in vitro studies consist
primarily of time-kill curves that look at rates of bacterial
killing for combinations of antibiotics compared with the single
agents and determine whether the combination is synergistic,
antagonistic or indifferent. Results are quite consistent for
rifampin, with indifference or antagonism demonstrated when
it is used in combination with nafcillin, vancomycin or
teicoplanin against methicillin-susceptible S aureus (MSSA)
(20); antagonism, indifference or synergy versus MSSA when
combined with oxacillin (23); no evidence for synergy when
combined with cephalothin, nafcillin, gentamicin or van-
comycin for methicillin-resistant Staphylococcus epidermidis
(MRSE) (24); and antagonism when added to vancomycin
and gentamicin against MRSE and indifference when added to
vancomycin alone (25). Thus, in vitro data provide no evi-
dence to support a benefit of combination therapy. However, it
can be argued that in vitro studies bear no resemblance to the
clinical situation and extrapolations regarding efficacy should
not be made from such information.

To explore the potential benefit of combination therapy in
treating endocarditis, including that involving devices, a num-
ber of in vivo studies using the rabbit endocarditis model have
been performed. In these experiments, a transaortic valve catheter
is left in place throughout the experiment to simulate the
device situation. The animals are then infected intravascularly
with the test organism. Treatment is initiated one to six days
after infection and continued for two to seven days, depending
on the experimental design. Blood and valve cultures are
obtained and the animals sacrificed at different time intervals.
In a model of MSSA endocarditis, only very high doses of
rifampin (20 mg/kg) added to cloxacillin reduced vegetation
titres more than cloxacillin alone (26). Overall, the addition
of rifampin was beneficial in three of five regimens tested, did
not affect the rate of sterilization in one and reduced the effec-
tiveness of the beta-lactam in the other (26). As expected,
Archer et al (24) found that cephalothin was ineffective in
MRSE endocarditis, whereas rifampin was effective against
rifampin susceptible strains. Another group (27) found no sur-
vival differences among rabbits with MRSE endocarditis treated
with different single agent regimens. Not surprisingly, there
were fewer organisms per valve and a greater proportion of
sterile valves in rabbits treated with vancomycin, gentamicin
or rifampin as compared with a beta-lactam in these experi-
ments, with no combinations tested (27). Finally, in a set of
experiments published in 1983, the combination of van-
comycin, gentamicin and rifampin was more effective than any
of the agents used singly or in combination in sterilizing vege-
tations associated with MRSE endocarditis (25). In experi-
mental foreign body infection caused by methicillin-resistant
S aureus, Swiss researchers found that a combination of
rifampin with vancomycin or fleroxacin (an early fluoro-
quinolone) was more effective than either of the latter two
drugs alone (21). Thus, for methicillin-resistant strains, the
experimental evidence suggests a benefit to combination therapy,

but does not point to the optimal combination of agents.
There is insufficient data for MSSA to conclude a potential
benefit.

There is very little literature examining the outcomes of
various regimens in the treatment of human staphylococcal
PVE. In 1983, Karchmer et al (28) described their experience
with 23 patients with MRSE PVE. Patients received rifampin
900 mg to 1200 mg daily in combination with vancomycin or
a beta-lactam. The vancomycin combination was more effec-
tive than the beta-lactam one (87% versus 38%, P=0.025).
The numbers were too small to compare outcomes in patients
receiving combination therapy (rifampin ± gentamicin) versus
vancomycin alone. That same year, these authors published
(29) their experience with 70 patients having 75 episodes of
S epidermidis PVE. Of 68 episodes analyzed for outcome, analy-
sis of antibiotic efficacy was limited to 46 episodes treated for
more than six days and for which the causative organism was
confirmed as being methicillin-resistant. Patients were catego-
rized as receiving rifampin (900 mg to 1200 mg once daily) or
an aminoglycoside if they had it for at least 10 days. Fifty-two
per cent of patients received rifampin ± aminoglycoside.
Again, a vancomycin regimen was better than a beta-lactam
one (81% versus 50% cure, P=0.055). There was a trend to
more cures when rifampin ± aminoglycoside were used in com-
bination with vancomycin, compared with vancomycin alone
(90% versus 50%, P=0.06).

Risk factors for death were reviewed in 33 patients diag-
nosed with S aureus PVE between January 1975 and January
1983 (30). The majority (73%) of patients received an amino-
glycoside in addition to a beta-lactam or vancomycin but only
33% also received rifampin. No comparisons of outcome
according to antimicrobial regimen were made. It may be that
rifampin use has improved in the last 20 years. However, this
study suggests that its use, despite guidelines, is limited.

A more recent study in New Zealand (18) looked at out-
comes of patients undergoing valve replacement for endocardi-
tis from September 1963 through December 1999. Sixty-one
patients had staphylococcal PVE, 29 due to MSSA and 32 due
to coagulase-negative staphylococci (56% MRSE). Analyses
did not distinguish outcomes for methicillin-resistant versus 
-sensitive strains. Most patients received dual therapy with
either rifampin or an aminoglycoside in addition to van-
comycin or a beta-lactam. Only six patients (10%) received
triple therapy for all or part of their treatment course. After
adjusting for duration of therapy, valves from patients receiv-
ing any kind of combination (two to three drugs for all or part
of the treatment course) were five to nine times more likely to
be culture-negative than those receiving monotherapy
(P=0.024). The rate of valve sterilization was similar with and
without rifampin (67% versus 63%). Thus, while this study
supports combination therapy in the management of PVE, it
does not clarify the optimal combination or whether it applies
equally to methicillin-susceptible and-resistant strains. Eighty-
three per cent of patients treated more than 14 days were
culture-negative at the time of surgery.

The overall mortality for PVE has been reportedto be as
high as 50%, with early PVE having a higher mortality than
late (2,3,7). Whether it carries a poorer outcome than NVE is
not clear. In a study comparing aortic native and prosthetic
valve endocarditis, PVE carried a higher operative mortality,
but long-term survival for discharged patients was similar at
five years (81±3%) and 10 years (63±5%) (8). On the other
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hand, PVE is an independent predictor of early and late mor-
tality in patients with mitral valve endocarditis (14). In a long-
term follow-up study of patients with endocarditis, PVE was
not independently associated with a higher death rate, but was
a predictor of the need for valve replacement compared with
patients with NVE (31). Infection with a nonstreptococcal
organism, particularly S aureus, is associated with a poorer out-
come in patients with PVE (6,32,33). Most studies have shown
a survival benefit for patients treated both surgically and med-
ically for early and late PVE (1,3,6,7). One caveat is that
patients not having surgery may represent patients with greater
burden of illness and inherently poorer outcome. This benefit
appears most pronounced for patients with S aureus PVE
(1,6,7,30), with no difference in surgical versus medical therapy
for patients with PVE due to other organisms (6). Relapse of
PVE or subsequent cardiac reoperation was more common in
patients receiving medical treatment alone (5). Thus, a
number of medically treated patients will eventually go on to
valve surgery (6,31-33). Other independent predictors of poor
outcome include age (3,31,34), recurrent endocarditis (31),
severity of illness or other comorbidity (3,6,7), cardiac compli-
cations (5,6,8,30) and emergency surgery (34).

One of the concerns related to surgical intervention in
patients with PVE is the risk of relapsed or recurrent infection.
Aranki et al (8,14) looked at valve replacement in relationship
to the course of antimicrobial therapy. Endocarditis was
labelled ‘active’ if the patient required surgery before complet-
ing a standard course of antibiotics, regardless of whether cul-
tures were positive at the time of surgery. For aortic valve
endocarditis, the active group had higher operative mortality,
greater recurrence rate, but no mortality difference, compared
with a healed endocarditis group (8). There were no differ-
ences observed with mitral endocarditis (14). Using a similar
definition, Guerra et al (34) identified 141 patients with PVE
and NVE who required surgical intervention in the setting of
active infection. Operative mortality was 30.5%, and not sig-
nificantly higher for PVE compared with NVE. Excluding
operative mortality, survival was 87% at five years and 84% at
10 years, again with no difference for PVE. Survival free from
infection was 93% at five years and 83% at 10 years. In another
study (35), the mortality in 11 patients with PVE who had sur-
gery within 48 h of a positive blood culture or evidence of
active at the time of operation was 9%. One patient required
repeat surgery nine months later for valve dehiscence, but the
explanted valve was culture-negative (35). Wolf et al (6)
found that having positive valve cultures or eight or less days
of antibiotics before surgery were not predictive of poor out-
come. Two studies (36,37) of valve replacement for complicated
endocarditis (one study had both PVE and NVE, all with para-
valvular abscess; the other was PVE with abscesses in 81%)
had operative mortality ranging from 9% to 13% and five- and
eight-year freedom from recurrent endocarditis rates of 96%
and 76%, respectively. These studies point to a reinfection or
relapse rate lower than generally perceived, even in the pres-
ence of active infection at the time of surgery.

Another major concern with PVE is the risk for central
nervous system (CNS) complications, particularly if surgery is
being contemplated. Neurological complications are reported
in 6% to 28% of patients with PVE (6,10,29,38,39). Embolic
events are more likely to occur within two weeks of starting
therapy (12,30,33,38). The role of anticoagulation in cere-
brovascular accidents was examined in 63 patients with PVE

hospitalized between May 1972 and November 1987 in France
(40). Seven had a cerebrovascular accident (five infarcts; two
hemorrhages) with no deaths attributed to stroke and no
difference in risk related to anticoagulation. In an earlier study
(41), a Mayo Clinic cohort was reviewed for CNS complica-
tions associated with PVE. Patients with and without adequate
anticoagulation (all had mechanical valves) were compared.
Patients with adequate anticoagulation were less likely to have
CNS complications than those where anticoagulation was sub-
optimal (8% versus 71%, P<0.001) although mortality was the
same, indicating that anticoagulation did not adversely affect
mortality or CNS morbidity. In a review of 50 patients with
PVE in France (9), the authors also found a higher risk of CNS
complications in inadequately anticoagulated patients and
that heparin offered better control of anticoagulation than
warfarin.

Undertaking cardiopulmonary bypass in the setting of a
CNS complication raises concern among physicians, although
studies have generally not examined this as an independent
predictor of outcome. A retrospective study (39) of 40 patients
with cerebral complications of PVE found an operative mortal-
ity rate of 33.3%, much higher than that for NVE, but no high-
er than the overall operative mortality for all patients with
PVE. Looking at all patients with endocarditis (PVE and
NVE), operative mortality was highest within 24 h after the
onset of cerebral infarction (66.3%), 10% to 31.3% from
two days to four weeks, and 7% more than four weeks after
infarct. The risk of cerebral complication decreased from
45.5% within 24 h, to 10% for operations within 15 to 21 days,
and reached 2.3% for those operated on more than four weeks
later. These findings suggest that if surgery can be delayed fol-
lowing a CNS event, patients do better.

There is considerably less literature on infections associated
with other intracardiac devices. Implantable cardioverter
defibrillators (ICDs) were introduced into clinical practice in
1980 and the number inserted has increased over time (42).
The ICD is similar in appearance to a pacemaker, but is larger
(43). Early systems were placed via sternotomy or thoracotomy,
with transvenous approaches most commonly performed since
the 1990s (42). Not surprisingly, the number of infections asso-
ciated with these devices has also increased, although the
infection rate itself has decreased with improvements in surgi-
cal technique and transvenous insertion (4). Similarly to PVE,
infections associated with these devices are divided into early
(less than one month) and late, although in some studies, the
terms late (one to 12 months) and delayed (more than 12 months)
are used (4). Infection can involve the defibrillator pocket,
electrodes, mesh patches in the subcutaneous tissues or on the
heart surface, or endocardium. Most infections involve the
pocket (44). The infection rate after ICD insertion ranges
from 1% to 12% (42-47). Most present within one year of
implantation (42-44). Rates are lowest for ICDs implanted via
transverse approach (47). One study (43) found that the only
risk for infection was being diabetic, with no relationship to
age, sex or duration of surgery. The etiological agents mirror
those of PVE, with S aureus and coagulase-negative organisim
most commonly isolated (42-44,48). Blood cultures are posi-
tive in approximately 33% (48) and radiographic imaging may
be difficult to interpret (42,44).

Device explantation is considered to be the optimal
management for ICD infection (42-44,47,48). It has been
noted to be safe and effective for ICDs placed through the
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transvenous approach (47). However, some have argued that
this is not always necessary and in certain situations, it can-
not be safely or easily accomplished (42,44), particularly
where there are epicardial leads and/or patches. In some
instances, apparent cure has been accomplished by partial
removal of the implant, usually the generator (42,44).
However, one group found that attempts to salvage the
device by partial removal and antimicrobials failed in five of
seven infections (46). Three of six patients in another study
who did not have complete removal relapsed (48). There are
no data describing the optimal regimen or duration of
antimicrobial therapy. A review of 123 patients with ICD
infection reported that patients received intravenous and/or
oral antibiotics for a median of approximately three to 28
days (48). Overall mortality has been estimated at 8% to 12%
(44,48). Intracardiac devices and prostheses will continue to
represent a source of infection for patients who receive them.

Optimal management requires consideration of antimicro-
bial, anticoagulation and surgical options. While the antibi-
otic treatment guidelines for staphylococcal PVE call for a
combination of beta-lactam or vancomycin with gentamicin
and rifampin, in practice this regimen is not consistently fol-
lowed and, in fact, the optimal regimen is undefined. Patients
with S aureus PVE have improved outcomes if treated surgi-
cally and medically. Patients with complicated PVE also do
better with combined surgical and medical management,
compared with medical management alone. Required valve
replacement should not be delayed to complete antibiotic
therapy. Survival, free from infection, is satisfactory even
when surgery is performed during active infection. In
patients with mechanical valves, anticoagulation should be
continued. Surgery is an essential component of manage-
ment for ICD infections. The appropriate antimicrobial reg-
imen for these infections is not well defined.
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