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Between 1973 and 1987, 36 patients with 41 episodes of enterococcal endocarditis were seen
at our institution. There were 22 episodes of native valve endocarditis (NVE) and 19 episodes
of prosthetic valve endocarditis (PVE). The overall mortality before completion of therapy was

. 15% (18% due to NVE and 11% due to PVE). Among patients with NVE, involvement of the
aortic valve was significantly associated with death or complicated illness (defined as the need
for valve replacement before completion of antibiotic therapy or relapse of endocarditis after com
pletion of therapy). Among patients who survived episodes of PVE, 69% were cured without
surgical intervention. Gentamicin wasadministered in combination with a penicillinor vancomycin
in the majority of episodes (mean duration of therapy with aminoglycosides: 5 weeks). Renal
dysfunction occurred in 44% of patients who received gentamicin and occurred more frequently
in patients with elevated serum creatinine levels before treatment. Our results suggest that en
terococcal PVE can often be successfully treated with antibiotics alone, and they confirm the
efficacy of gentamicin when it is administered in combination with cell wall-active agents for
the treatment of endocarditis due to enterococci that lack high-level resistance to this agent.

Although. it is by now well accepted that effective an
timicrobial treatment of enterococcal endocarditis requires
the combination of a cell wall-active agent and an aminoglyco
SIde, the relative efficacy of different aminoglycosides and the
optimal duration of their use remain matters of debate [1,2].
In addition, while earlier studies have included variable num
bers of patients with enterococcal prosthetic valve endocarditis
(PVE) [1-3], either the numbers have been small or the data
for this subgroup of patients were not analyzed separately,
which resulted in incomplete information on which to base
therapeutic decisions regarding patients with this condition.

In order to better define the efficacy of gentamicin as the
aminoglycoside used in combination therapy for enterococ
cal endocarditis and to describe the clinical course and re
sponse to treatment of enterococcal PVE, we reviewed all
cases of enterococcal endocarditis that occurred at the Mas
sachusetts General Hospital Over a 14-year period.

Materials and Methods

Case identification and criteria for acceptance. Cases
were identified by review of diagnoses from hospital discharge
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records, records from the infectious disease service, and data
from the clinical microbiology laboratory. Cases were classified
as enterococcal endocarditis if at least two blood cultures or
cultures of valvular specimens were positive for enterococci
and the patients presented with a clinical syndrome sugges
tive of endocarditis (fever with a pathologic cardiac murmur,
evidence of peripheral or pulmonary embolization, or spleno
megaly) or if the histopathology of the patients' valves was
consistent with the diagnosis of endocarditis. Cases in which
there was another identifiable focus of enterococcal infection
were eliminated from consideration. One case of polymicrobial
bacteremia was accepted because the number of blood cul
tures that yielded enterococcus (six) substantially exceeded
the number of cultures (two) that yielded a second organism
(Candida albicans).

Follow-up information was obtained from patients' hospi
tal records, from conversations with primary physicians, and,
when necessary, from patients or their families.

Definitions. Cure was defined as successful initial ther
apy that was followed by at least 6 months of disease-free sur
vival. Recurrent episodes of enterococcal endocarditis were
defined as relapses if they occurred within one year of com
pletion of therapy for the initial episode and as reinfection
if they occurred >1 year beyond completion of therapy.

Renal dysfunction was defined as an increase in serum cre
atinine >0.5 mg/dl, above the patient's baseline value in as
sociation with aminoglycoside therapy. In many cases, the
etiology of diminished renal function was probably multifac
torial. No effort was made to distinguish between different
etiologies of diminished renal function.
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Table 1. Predisposing valvular abnormalities in patients with
enterococcal endocarditis.

ceiving treatment) included a new heart murmur in 22 (55 %);
new-onset congestive heart failure (CHF) in 13 (32.5 %); sys
temic emboli in six (15%), five of which involved the CNS;
and new-onset heart block in three (7.5%).

Microbiology. In 17 episodes the isolates were identified
merely as enterococci. In the remaining 24 episodes, 21
(87.5%) isolates were identified as Enterococcusfaecalis and
three (12.5%) were identified as Enterococcus faecium,

MICs for various antimicrobial agents were not determined
routinely for enterococcal isolates during the period of the
study.

Treatment and outcome. Treatment was initiated in 40 of
the 41 episodes of endocarditis. (As noted above, one patient
with relapse of PVE died after 3 days of progressive CHF
without receiving antibiotic therapy. This patient's episode is
included in the analysis of presenting complaints but excluded
from all analyses of clinical course, treatment, and outcome;
this results in a denominator of 40 [22 NVE, 18 PVE] epi
sodes for these variables.) Each of the 40 patients received
a cell wall-active agent in combination with an aminoglyco
side. The choice of cell wall-active agents varied. Penicillin
was used in 18 episodes, and vancomycin or ampicillin was
used in four and two episodes, respectively. In the remaining
16 cases, several of these cell wall-active agents were used
in sequence. The cell wall-active antimicrobial agents were
administered iv in intermittent doses; penicillin doses ranged
from 20 to 30 million Did and ampicillin from 8 to 12 g/d.
Therapy with vancomycin was initiated at a dosage of 2 g/d;
doses were subsequently adjusted to maintain therapeutic se
rum levels. The mean duration of therapy with a cell wall
active agent was 5.5 weeks (5.4 for NVE and 5.6 for PVE).
Streptomycin was administered im to three patients. Gentami
cin was administered im to four patients. For the remaining
patients, gentamicin, tobramycin, or amikacin was adminis
tered intravenously. Doses were adjusted to maintain serum
concentrations within the standard therapeutic range for the
respective agent. The mean dose of gentamicin was 220 mg/d.

The mean duration of therapy with aminoglycosides was
5.0 weeks (4.9 for NVE and 5.3 for PVE). Among the pa
tients who survived, only two (one with NVE and one with
PVE) received <4 weeks of treatment with aminoglycosides.
Therapy was discontinued after 17 and 19 days in these cases

Organism identification. Identification of isolates was per
formed at the Massachusetts General Hospital's Clinical
Microbiology Laboratory. Identification of enterococci be
fore 1982 was accomplished by standard methods [4]. Iso
lates were not routinely identified by species during this
period. Identification since 1982 has been performed with the
use of the Vitek antimicrobial system (Vitek Systems, Inc.,
Hazelwood, Mo.). When necessary, confirmation of species
identification was carried out with API rapid strep strips
(Analytab Products, Plainview, N.Y.).

Statisticalanalysis. The x2 test, Fisher's exact test, and
Student's t-test were used to compare numeric variables.

Results

From the available medical records, we identified 36 pa
tients who experienced 41 episodes of enterococcal endocardi
tis between November 1973 and September 1987. Nineteen
episodes of PVE occurred in 15 patients, and 22 episodes of
native valve endocarditis (NVE) were diagnosed for 21 pa
tients. There were 22 men (six with PVE) and 14 women (nine
with PVE) in the study. The mean age of the men was 67 years
(range, 42-88), and that of the women was 73 years (range,
36-78).

Clinical data. Predisposing valvular heart disease was
identified for 14 (67%) of21 patients with NVE. Rheumatic
heart disease and aortic stenosis were the most common ab
normalities (table 1). For patients with PVE, the mean dura
tion of time from valve replacement to onset of symptoms
was 4.83 years (range, 6 months to 15 years). A presumed
portal of entry was identified in 75 % of the patients, with the
most common entry site being the gastrointestinal tract (non
malignant lesions, 32 %; malignant or premalignant lesions,
17%), the urinary tract, or site of instrumentation (29 %).
Wounds resulting from dental manipulation (12%) and ab
dominal surgery (2 %) were uncommon portals of entry. The
female genital tract was not believed to be the portal of entry
for any female patient.

The most common presenting complaint was fever (88 %),
followed by anorexia (54 %), chills (39 %), and sweats (34 %).
Twenty-four percent of patients had congestive heart failure
that was noted at the time of presentation. The mean duration
of symptoms for all episodes was 23.6 days (range, 1-120days);
in 18 (44 %) of episodes, hospitalization occurred within 10
days of the onset of symptoms. Only one patient presented
with symptoms that lasted >3 months. This patient was cured
of NVE with a 32-day course of penicillin and gentamicin.
Analysis of symptom duration by type of endocarditis (NVE
or PVE) revealed that patients with NVE had symptoms, on
the average, approximately twice as long as patients with PVE
(31.2 vs. 17.4 days) (P = .214).

Complications of endocarditis that occurred during the 40
assessable episodes of illness (one episode was excluded be
cause the patient died on day 3 of hospitalization without re-

Predisposing abnormality

Prosthetic valve
Native valve

Rheumatic heart disease
Aortic stenosis
Mitral regurgitation/prolapse
Bicuspid aortic valve
No identifiable disease

No. of episodes

19
22
6
5
2
1
8
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as a result of marked rises in serum creatinine levels. Ther
apy with cell wall-active agentswas continued, and the two
patients were cured without surgery after completion of 4
and 5-week courses of therapy, respectively.

The outcomeof therapy for enterococcalendocarditis was
analyzedfor40 episodes(table 2). The one patientwith PVE
who was not treated is omitted from this analysis. Data on
follow-up that continuedfor at least6 monthsor until relapse
occurred were available for 33 of the 34 episodes in which
patients survived therapy.

Native valve endocarditis. During 22 episodes of NVE,
four patients (18 %) died before completionof therapy. One
patient died on day 10 of therapy; at autopsy a myocardial
abscesswas found. Twopatientsdied of unexplained cardiac
arrest (postmortemexaminations were refused)after 4 weeks
of therapy. Bloodcultures had been sterile before death. On
day 18 of therapy, the fourth patient died of pneumonia due
to infection with Klebsiella pneumoniae and Staphylococcus
aureus after aortic valvereplacement. Eighteen(82%) of 22
patientssurvivedtherapy and were dischargedfrom the hos
pital. Three of the 12 patients who survived after treatment
with antibioticsalone did not meet the criteria for cure. One
had a relapse ofendocarditis,one died of CHF 1 monthafter
completionof therapy, and one patient was lost to follow-up
1 month after dischargefrom the hospital. All six of the pa
tients who survivedafter therapy with antibioticsplus valve
replacement were considered cured at follow-up 6 months
Iater,
, Sixpatientswith infectedaortic valves requiredsemiemer

gent surgerybeforecompletionof a course of antibiotics. In
dications for surgery were progressive heart failure in four
patients,progressiveheart failureand persistent feverin one,
and new-onset left bundle-branchblock and cerebral emboli
in one. For all six patients, inspectionof the valvesrevealed
extensive vegetations. Myocardial abscesses were found in
the patients with persistent fever and new-onset left bundle
branchblock.Specimens of thevegetations fromthreeof these
sixpatients werecultured, andeachyieldedenterococci. These
patientshad received28 days, 20 days, and 7 daysof therapy
withpenicillin-gentamicin. In a seventh patientwho required
surgery, the mitral valvewas replaced after 6 weeksof ther
apy withpenicillinand gentamicin. The excisedmitral valve
was sterile.

The one relapseof NVE occurred 8 monthsafter a 6-week
course of penicillin and gentamicin and shortly after a
colonoscopic examination. The isolates from each episode
werenotcomparedto determineif theywerethe same strain.
The patient wascured with a second6-weekcourse of peni
cillin and gentamicin.

The aortic valve was involved in 13 episodes of NVE and
the mitral valve in five episodes. In four episodes, valvein
volvement wasindeterminate. Endocarditisresulted in death
or a need for valve replacementbeforecompletionof antibi
otic therapy in nine of 13 patientswith aortic valveinfection

Table 2. Survival of patients with enterococcal endocarditis after
initial hospitalization and therapy.

No. of patients who survived/
no. who died after indicated

type of episode

NVE PVE Total
Mode of therapy (n = 22) (n = 18*) (n = 40)

Antibiotic therapy only 12t/3 13*11 25/4
Antibiotic therapy plus surgery 6/1 3/1 9/2

* One episode not included due to patient's death 3 days after hospitalization.
t One patient relapsed, one patient was lost to follow-up after discharge, and one

patient died 1 month after discharge.*Three patients relapsed.

versus none of the five with mitral valvedisease (P = .035,
x2 test).

Prosthetic valve endocarditis. Among 18episodesof en
terococcal PVE, two patients (11 %) died beforecompletion
of therapy. Of these18episodes,one patient's episodeisomit
ted from this analysisof clinical course, treatment, and out
come due to lack of treatment and death on day 3 of
hospitalization. One patient died of progressive multisystem
failureafter replacementof an infectedaortic valve. The sec
ond patient's death was attributed to progressive deteriora
tionof a neurologicconditionthatpredated her endocarditis.
This patient also had two blood cultures that were positive
for C. albicans. In 16(89%) of 18episodes, the patientssur
vived therapy and were discharged from the hospital; 13 of
these patients (72%of 18 PVE episodes) were cured. Three
were cured with valve replacement plus antibiotic therapy.
For one patient, an infectedporcineaortic valve wasreplaced
after 44 daysof therapywith vancomycin and gentamicinbe
causeof severe aorticinsufficiency andcongestive heartfailure.
Thispatient received 21 daysof therapywith vancomycin and
gentamicinpostoperatively. One fenestrated valveleafletand
one flail valve leaflet were found at surgery in addition to a
paravalvularabscesscavity. The secondpatient's endocarditis
wasdiagnosed whencultures performed on a Starr-Edwards
mitral valve that was replaced to relieve valve obstruction
yielded enterococci. This patient was cured with a 4-week
course of penicillin and gentamicin. The third patient who
relapsed afterantibiotic therapy forPVEthat involved a Bjork
Shiley tricuspidvalve underwent surgeryafter 18days of treat
ment with gentamicinplus either ampicillinor vancomycin.
Culturesof valvular vegetations yieldedenterococci. Thispa
tient received vancomycin treatment for 12 days postopera
tively.

Amongthe 13episodesin whichpatientsweretreated with
antibioticsalone, 10patients were cured and three relapsed.
For one patient, relapse of infection of the aortic valve oc
curred 5 monthsafter a 6-weekcourse of penicillinand gen
tamicin; the patient was cured with a 40-day course of the
same antibiotics. This patient became infected2 years later,
at which time small-cellcarcinomaof the lungwasalso diag-
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nosed. He was then treated with a 4-week course of gentami
cin in combination with penicillin or vancomycin; however,
he relapsed 10 days after completion of treatment and died
without additional therapy for endocarditis. The third patient
experienced relapse 2.5 months after a 6-week course of am
picillin and gentamicin for endocarditis that involved a Bjork
Shiley tricuspid valve. This relapse was successfully treated
with antibiotics and valve replacement (see the above discus
sion of the third patient who was cured surgically).

The aortic valve was involved in 13 episodes, the mitral
valve in four, and the tricuspid in two. No correlation between
valve location and complications of endocarditis or response
to therapy was found.

Prognostic factors. Death, need for surgery, and relapse
all represented a bad outcome. We examined the appearance
of new regurgitant murmurs and CHF as prognostic factor~
in the 39 patients with follow-up for ~6 months or until re
lapse or death. Of the patients who developed both a new
regurgitant murmur and CHF, 10 (83 %) of 12 had a bad out
come (4/4 PVE, 6/8 NVE). In contrast, of 14 who presented
with neither sign, only five (35.7%) had a bad outcome
(P = .04, X2 test). Of those with a new murmur but no CHF
four (36.4 %) of 11 had a bad outcome, while neither of tw~
patients who had CHF but no regurgitant murmur had a bad
outcome.

Toxicity. Increases in patients' serum creatinine concen
tration that were >0.5 mg/dL above the pretherapy concen
tration occurred in 18 (45 %) of the 40 episodes. In 17of these
episodes, the increases occurred while the patient was being
treated with gentamicin, and in one the increase occurred dur
ing therapy with streptomycin. Among patients treated with
gentamicin, a comparison of patients who experienced
significant elevations in concentrations of serum creatinine
with those who did not revealed no difference in the mean
initial dose (220 mg/d for patients with increased serum cre
atinine concentration vs. 219 mg/d in those without). The av
erage baseline concentration of serum creatinine was higher
in the group that experienced deterioration in renal function
(1.5 mg/dL) compared to the group that did not (1.16mg/dL)
(P = .015,Student's t-test). Among patients who were treated
with only one cell wall-active agent, the incidence of renal
dysfunction was not significantly increased among patients
who received the combination of vancomycin with gentami
cin as compared to those treated with the combination of pen
icillin and gentamicin (three of four [75%] vs. six of fifteen
[40%], respectively; P = .495, Fisher's exact test). The re
versibility of renal dysfunction was not assessable for two pa
tients (one died and the other's follow-up did not include
repeated creatinine determinations). Of those patients for
whom follow-up data were available, elevations in creatinine
concentrations were reversible in all cases (in most instances
they returned to baseline values). One patient suffered irre
versible toxicity to the aural vestibule while being treated with
vancomycin and gentamicin.

Discussion

The epidemiology of enterococcal endocarditis has changed
over the years, apparently as a result of a decrease in the num
ber of young women who suffer from the infection. The aver
age age of women in the study by Mandell et al. in 1970 was
37 years [5]. More recent series have shown an increased mean
age overall, particularly for women [1,2]. Our study confirms
this trend; a possible explanation is the absence of pelvic in
fection or pelvic surgery as a predisposing factor. The ab
sence of either of these factors may have resulted from changes
in surgical technique, use of prophylactic antibiotics, or un
derlying differences between patient populations at different
i?stitutions. Alternatively, the increased age of our female pa
nents may be the result of the high percentage (65 %) of pa
tients with PVE in this group.

Our study confirms the general impression that enterococ
cal endocarditis is a disease that occurs in the setting of prior
valvular damage, usually with an identifiable risk factor for
the development of bacteremia. Sixty-four percent of patients
with NVE in our study had preexisting valvular abnormali
ties; rheumatic heart disease and aortic stenosis were the most
prevalent. Sixty-eight percent of episodes occurred in patients
with known predisposing causes for development of enterococ
cal bacteremia, most commonly gastrointestinal or genitou
rinary lesions or procedures. The 17% incidence of malignant
or premalignant gastrointestinal lesions found among these
patients is comparable to that seen with viridans streptococ
cal endocarditis [6] but considerably less than that noted with
endocarditis due to Streptococcus bovis Type I [6].

In prior studies of NVE due to enterococci, mortality has
ranged from 9% to 43%, with most studies reporting mor
tality of <20% [1-3,5]. Moellering et al. noted that mortal
i~ wasmore often due to the severity of the patient's underlying
disease than to uncontrolled infection [3]. It seems likely that
the same is true in our study, in which only one of four deaths
was associated with persistent enterococcal infection.

The association of aortic valve infection with an increased
frequency of complicated endocarditis noted in our study high
lights both the aggressive nature of this infection and the im
portance of an intact aortic valve in the maintenance of
hemodynamic stability. Among patients with aortic NVE, nine
(69 %) of 13 either died or required emergent surgery, com
pared to none of the five with infection of the mitral valve.
The high incidence of enterococcal NVE (32 %, or 7 patients
of 22 episodes) that required surgical intervention might be
explained by the fact that Massachusetts General Hospital is
a major referral center. In fact, five of the seven patients who
underwent surgery were referred for that purpose. Of note,
however, was the fact that no patients with mitral NVE due
to enterococci were referred to our hospital for valve replace
ment. Furthermore, of the eight patients with aortic valve dis
ease admitted directly to the hospital, two died and one
underwent emergent valve replacement. Thus, although refer
ral patterns may influence the frequency of surgical therapy
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among our patients, these patterns do not explain the observed
difference in the need for emergent surgical intervention be
tween patients with aortic and mitral valve disease.

The 32 % rate of surgery among our patients with NVE cor
responds with that noted in a prior study in which surgical
intervention is detailed [2]. The 83% cure rate associated with
emergent valve replacement (five of six patients) and the ab
sence of relapse, even for three patients whose cultures of val
vular specimens yielded enterococci, suggest that replacement
of an actively infected valve under the coverage of appropri
ate antibiotics is an effective and safe mode of therapy. The
duration of preoperative antibiotic therapy should carry little
weight in the determination of the optimal time for surgical
intervention. Surgery to cure persistent infection or to halt
deterioration of hemodynamic function should not be delayed
to allow administration of additional preoperative antibiotic
therapy.

The retrospective nature of our study and the relative
uniformity of the antibiotic regimens do not permit compara
tive evaluations of different treatment regimens. Similarly,
the lack of data on high-level resistance to aminoglycosides
among the organisms that cause endocarditis prevents assess
ment of the adequacy of gentamicin-containing regimens for
the treatment of endocarditis caused by strains that are highly
resistant to streptomycin; the adequacy of such regimens has
been questioned in a prior study [1].Prior studies have shown
a 54% rate of high-level resistance to streptomycin (>2,000 p,g/
ml.) among enterococcal isolates at Massachusetts General
Hospital [7]. High-level resistance to gentamicin was not
recognized at our institution until after the period of study.
Therefore, we suspect that the enterococci that caused en
docarditis in our patients were susceptible to gentamicin but
often resistant to streptomycin. The 72 % cure rate in our study
is comparable to rates reported by Wilson et al. (79 %) and
Herzstein et al. (73%) [1, 2]. Similarly, our rate of relapse
is virtually identical to the 12.5 % and 12% rates reported
in the above-noted studies, respectively. These data suggest
that gentamicin-containing regimens are effective in the treat
ment of endocarditis due to enterococci that do not possess
high-level resistance to gentamicin.

Earlier studies have either included few cases [1, 3] or
limited analysis [2] of the clinical course and response to ther
apy of patients with enterococcal PVE. Our cases of enterococ
cal PVE would be classified as late-onset infections that occur
>60 days after valve replacement. Although early studies
reported a mortality of 45 % associated with late-onset PVE
[8, 9], studies of more recent episodes of PVE have cited a
mortality of 21% and have attributed much of the improve
ment in survival to more-aggressive surgical intervention [10].
For late-onset PVE that is due to a variety of organisms and
is treated with medical therapy alone, mortality ranges from
31% to 70% [11]. In this setting, the low overall mortality
in our series (two [11%] of 18patients) and in particular among
the subgroup treated with medical therapy alone (one [7 %]

of 14 patients) is notable. These data suggest that the course
of enterococcal PVE is more comparable to that ofPVE caused
by less destructive organisms, such as fastidious gram-negative
rods and viridans streptococci, than to that of PVE due to
staphylococci and enteric gram-negative bacilli. Since cure
rates with medical therapy alone for enterococcal PVE are
relatively high, surgical intervention plays a less prominent
role in successful management.

It is curious that the same organism that produces such ag
gressive disease on native aortic valves should respond so read
ily to medical therapy alone when it infects prosthetic valves.
One possible explanation is the prolonged symptomatic period
prior to diagnosis observed for patients with native valve dis
ease. The mean duration of symptoms prior to diagnosis for
the PVE group was 17.4 days, approximately half the mean
duration of symptoms (31.2 days) prior to the establishment
of the diagnosis for patients with enterococcal NVE. Although
this difference is not statistically significant, the trend toward
earlier diagnosis for patients with PVE reflects a heightened
awareness of the risk of this disease among patients who com
prise this subpopulation and may explain the apparent differ
ence in severity of disease between enterococcal PVE and
NVE. An earlier study suggested that a prolonged duration
of symptoms prior to diagnosis is associated with an increased
incidence of relapse and death [1].

The incidence of renal dysfunction among patients who re
ceived gentamicin in our study (44 %) is comparable to the
incidence reported by Wilson et al. (60%) [1]. We were un
able to define a relationship between the dose of gentamicin
and renal dysfunction, which may merely reflect the relative
uniformity of the dosages of gentamicin in our study. Increases
in serum creatinine concentration did occur more commonly
in patients with preexisting, underlying renal dysfunction as
defined by the serum creatinine level at admission to the hos
pital.

An emerging issue in the treatment of enterococcal infec
tion that is not addressed by the findings of this study is the
growing prevalence of enterococcal strains that are highly
resistant to currently available aminoglycosides. These strains
are characteristically resistant to the synergistic bactericidal
action of cell wall-active agents and aminoglycosides, a fac
tor likely to be of considerable significance in the treatment
of infections, such as endocarditis, when bactericidal ther
apy is required. One center has reported high-level resistance
to gentamicin in 55 % of strains studied [12], and reports of
cases of endocarditis due to enterococci that are highly resis
tant to gentamicin are beginning to appear in the literature
[13, 14]. Our experience in the treatment of a patient with
endocarditis due to one of these strains is instructive.

A 40-year-old man was admitted to a hospital for treatment
of renal failure presumably due to poststreptococcal glomer
ulonephritis. His initial course was complicated by enterococ
cal bacteremia associated with the placement of a temporary
hemodialysis catheter. The bacteremia was suppressed by
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treatment with chloramphenicol but recurred when treatment
was discontinued. He was given a 5.5-week course ofampicil
lin and gentamicin, and adequate serum bactericidal levels
(1:64, trough) were documented. Three and one-half weeks
after the completion of therapy, enterococcal bacteremia
recurred, so he was transferred to our hospital. The isolate
from his blood was highly resistant to all aminoglycosides
tested (MIC, >2,000 ~glmL)but was susceptible to ampicil
lin (MIC, 1 pglmL). During the first week of therapy, he de
veloped CHF that worsened due to aortic insufficiency. He
underwent aortic valve replacement followed by 5 weeks of
continuous infusion of ampicillin (110 mglh; serum ampicil
lin level, 18-20 mg/L). Culture of the excised valve yielded
enterococci with susceptibilities identical to those of the ini
tial isolate. He is currently well, without any signs ofrelapse,
>1 year after surgery.

This case amply demonstrates the difficulty associated with
the treatment ofenterococcal endocarditis with bacteriostatic
antimicrobial agents and evokes memories of the era before
it was recognized that bactericidal synergism could be achieved
by the combination of penicillin and streptomycin, an era when
treatment with penicillin alone was associated with unaccept
able cure rates [15]. At present, there are no agents or combi
nations of agents that are bactericidal against those enterococci
that are highly resistant to all aminoglycosides. One new agent,
daptomycin, has shown promising activity in vitro against
these organisms, both alone and in combination with fosfomy
cin [16]. However, daptomycin has been inconsistently effec
tive in the treatment of experimentally induced enterococcal
endocarditis [17, 18] and has not been used clinically for this
purpose. Likewise, although therapy with a continuous infu
sion of ampicillin has shown promise for the treatment of ex
perimental endocarditis in the rat model, there is scant clinical

.experience with this approach [19].
Of the three patients with endocarditis due to enterococci

that were highly resistant to gentamicin who were reported
in the literature, two were treated with antimicrobial therapy.
One received a 9-day course ofampicillin and gentamicin fol
lowed by an additional 19 days of therapy with ampicillin (12
g/d) alone. The minimal inhibitory and bactericidal concen
trations for ampicillin against this organism were 1 ~g/mL

and 2 ~g/mL, respectively. Despite achievement of adequate
levels of bactericidal titers in serum, the patient's condition
deteriorated after 4 weeks oftherapy and he required replace
ment of his aortic valve, which yielded enterococci on cul
ture. He received therapy with ampicillin for 6 weeks and was
cured. The second patient was apparently cured (follow-up
of only 2 months) with a 6-week course of ampicillin (9 g/d)
alone. The outcome of therapy with ampicillin in these cases,
in addition to the case reported herein, suggests that it would
be advisable to omit aminoglycosides from regimens for the
treatment of endocarditis due to enterococci that are highly
resistant to aminoglycosides and to consider early surgical

intervention in an attempt to maximize the possibility of cure
and minimize antibiotic-related toxicity.

The recent reports of enterococcal strains capable ofproduc
ing {j-lactamase [20] and demonstrating high-level resistance
to vancomycin [21] cause further concern. Already, episodes
of bacteremia due to both types of strains have been reported
[22, 23]. Widespread dissemination of these resistant strains
would make even successful bacteriostatic therapy more
difficult to achieve.

Enterococcal NVE, particularly of the aortic valve, is an
aggressive disease that frequently requires both bactericidal
antimicrobial therapy and surgical intervention to maximize
the chance of cure. In contrast to NVE and to the general
conceptions about PVE due to aggressive or antibiotic
resistant organisms, enterococcal PVE is associated with a
low mortality and frequently responds to medical therapy
alone, although a tendency toward a higher relapse rate is ob
served than that seen with native valves. With the growing
prevalence of enterococcal strains that are highly resistant to
all aminoglycosides, it is imperative that all enterococcal
strains associated with endocarditis be tested for high-level
resistance to these agents. Traditional therapy is unlikely to
be as effective for the treatment of endocarditis due to en
terococci that are highly resistant to aminoglycosides. Op
timalregimens for treatment in such cases are as yet undefined.
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