
Infective endocarditis following
orthotopic heart transplantation:
10 cases and a review of the literature

Abstract: Background. Infective endocarditis is a known complication of
cardiac transplantation. However, published information has been limited to case
reports and small case series. Methods. Cardiac transplantation has been
performed atTemple University Hospital since 1983.We identi¢ed transplant
patients with ICD-9 codes for endocarditis or bacteremia. A diagnosis of
endocarditis required ful¢llment of the Duke criteria and presence of avegetation.
Clinical and microbiologic data were collected. Demographic and survival
information were compared with heart transplant recipients without
endocarditis.We reviewed all previously published cases using a MEDLINE
search. Results. Ten of 659 heart transplant recipients had endocarditis (1.5%, 187
cases per 100,000 person years). Mitral and tricuspid valves were involved
predominantly. No patient had aortic valve infection. Patients with tricuspid valve
infection had a greater median number of endomyocardial biopsies (n5 23) than
those with mitral valve infection (n5 9, P5 0.10). The major pathogens were
Staphylococcus aureus (4 cases) and Aspergillus fumigatus (3 cases). Factors
associated with S. aureus infection were new hemodialysis catheters, cellulitis,
and a contaminated donor organ. All patients with A. fumigatus had antecedent
cytomegalovirus viremia and disseminated fungal infection, including
endophthalmitis. Endocarditis-related mortality was 80%. Median survival after
transplant was 1.4 years in patients with endocarditis, compared with 9.3 years in
other heart transplant recipients (Po0.001). Conclusions. Endocarditis is
substantially more common in heart transplant recipients than in general
populations. Frequent central venous catheter access and multiple
endomyocardial biopsies appear to predispose to infection. Aspergillus is a
common pathogen and endocarditis follows infection elsewhere.The prognosis of
post-cardiac transplant endocarditis is poor.

The ¢rst review of endocarditis following solid organ transplantation

was published in 1998 by Paterson et al. (1). Among patients with liver

transplants, the cumulative incidence of post-transplant endocarditis

was 1.7%. They found a predominance of infections caused by Staphylo-

coccus aureus and Aspergillus fumigatus. Mortality from all causes was

57%, but endocarditis-related mortality is unclear. Slightly over one-half

of their cases were identi¢ed only at autopsy.
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Endocarditis following heart transplant is unique among solid organ

recipient endocarditis because it is the transplanted organ that becomes

infected. A case series of 6 patients with infective endocarditis (IE) fol-

lowing cardiac transplant described a mortality of 67% (2). These and

subsequent studies (3^14) have identi¢ed only 22 patients with endocar-

ditis following heart transplant.W|th an experience this limited, clinical

features such as anatomic location of infection, microbiology, factors as-

sociated with the development of infection, and infection outcome re-

main incompletely described. We identi¢ed 10 patients at Temple

University Hospital who developed endocarditis following cardiac trans-

plant between 1993 and 2004.We describe their clinical course and possi-

ble pathogenesis.

Methods

Setting

The Temple University Hospital Cardiothoracic Transplant program is

part of an urban academic primary and tertiary care medical center in

Philadelphia, Pennsylvania, USA. Orthotopic heart transplants have

been performed here since 1983. All transplant recipients are followed

closely as outpatients, by the Heart Failure and Transplant Division of

the Section of Cardiology.

Study de¢nitions

Endocarditis was de¢ned using the Duke criteria (15). However, in order

to maximize speci¢city we required, additionally, the presence of a val-

vular vegetation demonstrated by echocardiogram, pathology of a surgi-

cal specimen, or documentation at autopsy. Patients with repeatedly po-

sitive blood cultures in the absence of a demonstrable vegetation were

excluded. Mortality was regarded as being associated with endocarditis

if the death occurred as a direct consequence of endocarditis-related car-

diac dysfunction, the occurrence of emboli, or surgical intervention for

endocarditis.

Case ¢nding

In order to identify instances in which heart transplant recipients were

hospitalized, we searched theTemple University Hospital medical records

database and the heart failure outpatient database from 1993 to 2004

using ICD-9 codes for orthotopic heart transplant hospitalization. Poten-

tial endocarditis cases were identi¢ed by cross-referencing these hospita-

lizations with the following ICD-9 diagnoses: acute/subacute bacterial

endocarditis; acute endocarditis, unspeci¢ed; endocarditis, valve unspe-

ci¢ed, and bacteremia.

Data collection

Clinical and microbiologic data were abstracted from medical records

using a uniform data collection form.

Statistical analysis

Epi Info 6 (Centers for Disease Control and Prevention, Atlanta, Georgia,

USA) was used for data analysis. Kaplan^Meier survival plots were

made using standard methods (Systat, SPSS Inc., Chicago, Illinois,

USA). Survival plots were compared using the log rank test.

Literature review

Previously published reports of patients with endocarditis following

heart transplant were sought using the MEDLINE database.The search

term ‘endocarditis’ was combined with ‘heart transplant.’ In addition, we

reviewed the references contained in those articles.

Results

Between 1993 and February 2004, 659 patients underwent heart trans-

plantation.We identi¢ed 149 patients during the study period who had

admissions with ICD-9 diagnoses of bacteremia or endocarditis after

heart transplant. Ten of these patients ful¢lled the study de¢nition of

endocarditis. Valvular vegetations were detected by echocardiography

alone in 9 patients and by echocardiography and surgical exploration

in 1 patient. The cumulative incidence of IE in our patient population

was 1.5%. This corresponds to an incidence density of 187 per 100,000

person years.

F|ve patients ful¢lled the Duke criteria for endocarditis but were not

included in our study.Two had extensive aortitis but not valve infection.

Two had mediastinitis-related S. aureus bacteremia. One had S. aureus

bacteremia associated with an infected dialysis catheter.

Demographic and clinical features of post-transplant endocarditis

cases are listed in Table 1. Of the 10 identi¢ed cases, 9 were men. The

sex distribution was similar to that in other heart transplant recipients.

Ages ranged from 28 to 67 years, with a median of 58 years.This did not

signi¢cantly di¡er from the median age of other transplant recipients

(median 56). Three patients were African-American and 7 patients were

Caucasian. This racial distribution is equivalent to that in other heart

transplant recipients.

Mitral and tricuspid valves were involved predominantly. Cardiac

valves in the left heart were de¢nitely infected in 40% of our cases. How-

ever, left-sided disease involved only the mitral valve (4 cases) and the

left ventricular septum (1 case), not the aortic valve. In the right heart,
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tricuspid valve involvement predominated (5 de¢nite, 1 possible case).

The pulmonic valvewas infected in 1patient. Heart transplant recipients

undergo frequent right ventricle biopsies, which may damage the tricus-

pid valve. Patients with tricuspid valve endocarditis had a median of 23

endomyocardial biopsies, while patients with mitral valve infection had

a median of 9 (P5 0.10, Mann^Whitney U-test).

Endocarditis pathogens

S. aureus IE occurred in 4 cases. Endocarditis occurred 18 days, 3 and 5

months, and 1 year after transplantation. Patients died 5 days to 16

months after diagnosis of S. aureus IE.Two of the patients who developed

S. aureus endocarditis also developed end-stage renal disease after trans-

plantation but before the development of endocarditis. Both had central

venous dialysis catheters placed acutely, but neither had documented bac-

teremia antecedent to endocarditis. No other IE cases developed end-

stage renal disease after transplant. One patient grew S. aureus in a rou-

tine culture of the myocardium of the donor heart just prior to implanta-

tion. Eighteen days after transplant, vegetation was detected on the

mitral valve. All subsequent cultures in the recipient were negative and

he was successfully treated with a 6-week course of intravenous vanco-

mycin. One patient developed S. aureus endocarditis 3 months after treat-

ment for lower extremity cellulitis without documented bacteremia.

A. fumigatus IE occurred in 3 cases. Endocarditis occurred 4, 7, and 9

months after transplant, and death occurred 1^4.5 months after endocar-

ditis diagnosis. Two of the 3 patients received kidney transplant at the

time of heart transplant. All A. fumigatus endocarditis cases had cyto-

megalovirus (CMV) viremia prior to diagnosis of endocarditis (no other

cases in the study had CMV viremia after transplantation, P5 0.008,

F|sher exact test). However, the rate of moderate-to-severe rejection did

not di¡er between Aspergillus cases (2/3) and other IE cases (6/7 );

(P51.0, F|sher exact test). Each of the 3 patients with A. fumigatus IE

had biopsy provenAspergillus infections prior to the development of clin-

ical manifestations of IE; 2 had pulmonary and 1 had cutaneous infec-

tion. All 3 cases developed endophthalmitis because of A. fumigatus

(endophthalmitis was not present in other case patients, P5 0.008, F|sh-

er exact test).

A case of Pseudomonas aeruginosa endocarditis involved a man who

had a left ventricular assist device (LVAD) before transplant that became

infectedwith this pathogen, leading to post-transplant mediastinitis and

empyema. This was followed by P. aeruginosa IE, diagnosed 14 months

after transplant.

There was a single case of Enterococcus faecalis IE. This patient had

E. faecalis nosocomial bacteremia 2 months before developing endocardi-

tis. One patient had culture-negative endocarditis.There were no correla-

tions between pathogens and the year during which infections occurred

(data not shown).

Mortality

In this case series, the mortality associated with IE was 80%. All pa-

tients with A. fumigatus endocarditis died secondary to multiple emboli

and disseminatedAspergillus infection.Two of the 4 patients with S. aur-

eus endocarditis died as a result of this infection. One of these patients

had a cerebral embolus and the other developed progressive endocarditis

Clinical features of 10 patients with IE after orthotopic heart transplant

Patient no.
Age (years) at time
of transplant/sex

Year of
transplant

T|me to IE diagnosis
after transplant Organism A¡ected area(s)

Survival after
IE diagnosis

1 63/M 1993 7.4 months A. fumigatus MV 1month

2 57/M 1993 4.8 months S. aureus TV, PV, possible MV 5 days

3 36/M 1994 4.3 months A. fumigatus MV, possibleTV 4.5 months

4 58/M 1998 8.5 months A. fumigatus MV 3.4 months

5 49/F 1998 33 months Culture negative TV 2 days

6 67/M 1998 18.5 months E. faecalis TV 1 day

7 28/M 1999 14 months P. aeruginosa TV 8 months

8 63/M 2000 18 days S. aureus MV 16 months1

9 57/M 2001 12.6 months S. aureus LV septum 1month1

10 65/M 2003 3 months S. aureus TV, possible MV 13 days

IE, infective endocarditis; A, Aspergillus; S., Staphylococcus; P.,Pseudomonas; MV,mitral valve;TV, tricuspid valve; PV, pulmonic valve; LV, left ventricle
1Death not attributed to IE.

Table 1
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with cardiac arrest. Of the 2 S. aureus IE survivors, 1 succumbed to no-

socomial Klebsiella bacteremia, and the other died of a cerebrovascular

accident 14 months after the resolution of endocarditis.

Of the 3 remaining IE patients, 2 died from cardiac arrest while ac-

tively infected (1 during cardiac valve surgery) and 1 died from progres-

sive infection and heart failure. Among patients who died as a direct

result of endocarditis, the median time from endocarditis diagnosis to

death was 3 weeks (range, 1 day to 8 months). The remaining 2 patients

died 13 and 16 months after endocarditis diagnosis.

The post-transplant survival of endocarditis patients was signi¢-

cantly shorter than other heart transplant recipients (F|g. 1).The median

survival after transplant of patients with endocarditis was approxi-

mately 1.4 years compared with 9.3 years in other heart transplant pa-

tients (Po0.001, Log rank test).

Literature review

A literature review revealed a total of 22 patients who had endocarditis

following heart transplant (Table 2) (3^14). Six cases had endocarditis

caused by S. aureus, 3 by S. epidermidis, and 2 cases each had E. faecalis

and fungal endocarditis. Eleven had left-sided endocarditis; 7, right-

sided endocarditis; 2, both right and left endocarditis; and information

was unavailable for 2 patients. Seven of 22 patients (22%) reportedly

died as a result of endocarditis.

Discussion

Incidence of IE in general populations is di⁄cult to determine because

the criteria for diagnosis and the methods of reporting vary with

di¡erent series (16).The mean annual incidence of IE in general popula-

tions has been reported to range from 1.7 to 3.8 per 100,000 person

years (16, 17 ). The incidence density of endocarditis among our

heart transplant recipients was 50^110 fold greater. Possible explana-

tions for this markedly increased incidence include catheter-related

and other nosocomial blood stream infections, LVAD-related mediastini-

tis, donor heart contamination, deep wound infections following trans-

plant, endomyocardial biopsies, and suppression of cell-mediated

immunity.

Despite a number of apparent cardiac transplant-speci¢c suppression

risk factors for endocarditis, it is interesting to note that the cumulative

incidence of post-transplant endocarditis in liver and kidney transplant

recipients has been essentially equal to that of our cohort (1).Whether

this is the result of a less stringent de¢nition of endocarditis, heightened

immunosuppression, or increased enterococcal bacteremia of hepato-

biliary origin among liver and kidney transplant recipients is unclear.

In our study, 50%of patients had de¢nite tricuspid valve infection and

in previously reported cases, 41%did.This rate of tricuspid involvement

approaches that in intravenous drug users with endocarditis (16). Aziz et

al. (11) describe a 0% bacteremia rate just prior to endomyocardial

biopsy, but a 70% rate of coagulase-negative Staphylococcus bacteremia

in atrial blood immediately following the biopsies. F|ve patients devel-

oped right-sided bacterial endocarditis occurring as a complication of

endomyocardial biopsy (11). In our study, increased numbers of endo-

myocardial biopsies were associated with tricuspid valve infection, but

the true role of endomyocardial biopsy (as opposed to catheter-related

and other blood stream infections) as a predisposition to IE remains

unde¢ned.

In our series, S. aureus was the most common pathogen causing IE

(40% of cases). S. aureus was also the predominant cause of IE in pre-

viously reported cases (27%) (2, 3, 6, 8, 12, 13). In our study, 3 patientswith

S. aureus IE were at increased risk for antecedent staphylococcal bacte-

remia because of frequently accessed central venous catheters or celluli-

tis, and 1 had a donor heart contaminated with S. aureus.

The second most common pathogen in our study was A. fumigatus

(30% of post-transplant endocarditis). In previously reported cases, 1

was caused byA. fumigatus, and 1 by C. tropicalis (fungal infections com-

prised 9% of IE). In a study by Paterson et al. (1), 4 of 14 cases of endo-

carditis in liver and kidney transplant recipients were due toA. fumiga-

tus (29%). All patients from our study and from the literature who devel-

oped A. fumigatus endocarditis following cardiac transplant had

antecedent CMVviremia.This ¢nding suggests that patients with A. fu-

migatus infection had heightened immunosuppression prior to IE (18).

Fig. 1. Kaplan^Meier survival plot comparing the survival of heart trans-
plant patients with infective endocarditis (broken line) to all other heart
transplant patients (solid line), 1994^2004 (Po0.0001, log rank test).
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Our 3 patients and Patient 22 fromTable 2 had biopsy-proven A. fumiga-

tus disease in lung or skin prior to clinical evidence of IE, suggesting that

IE is a relatively late manifestation ofAspergillus infection in heart trans-

plant recipients. All 3 of our patients with A. fumigatus IE (but not the

previously reported case) had Aspergillus endophthalmitis; this rate is

substantially higher than that reported in a literature review of Aspergil-

lus endocarditis in patients with other underlying diseases (19). Unlike

Paterson et al. (1), we did not ¢nd that fungal endocarditis occurred soon-

er after transplant than bacterial endocarditis.

In our study we found an 80% endocarditis-associated mortality.This

is the likely explanation for the markedly increased crude mortality in

the endocarditis subgroup of transplant patients. Cases reported in the

literature had a mortality of 22%.This substantially lower mortality rate

may be the result of incomplete follow-up, a higher proportion of patho-

gens with intrinsically lesser virulence (S. epidermidis, Mycobacterium

pneumoniae), lower patient age (median 46 versus 58 years), or publica-

tion bias wherein authors preferentially report patients with good out-

comes. The 100% endocarditis-related mortality in Aspergillus IE

following heart transplantation is not surprising given overall high mor-

tality rates for disseminated Aspergillus infection in patients with im-

paired cell-mediated immunity (20).

This study is subject to several limitations.We may have underesti-

mated the incidence of IE among cardiac transplant recipients because

of a low number of postmortem examinations.We did not study a group

of transplant recipients without IE and therefore could not formally

assess risk factors for this complication. However, the power of such a

study would be quite limited because of our small number of cases. Lit-

erature review was limited by a scarcity of clinical detail in many pub-

lished reports.

In conclusion, while IE is substantially more common in heart trans-

plant recipients than in general populations (based upon prior popula-

tion-based incidence studies), it is an infrequent complication of cardiac

transplantation relative to other serious infections. The major patho-

genic mechanism appears to be antecedent bacteremia, especially for

Etiology and clinical features of IE in heart transplant recipients previously reported

Patient no.
Reference
no.

Age (years) at time of
transplant/sex

T|me to IE diagnosis
after transplant Organism A¡ected area(s) Outcome

1 (3) 51/M 33 months S. aureus MV, LV wall Died

2 (4) 50/M 3 months Streptococcus sanguis AV Alive after 4 weeks of therapy

3 (5) 38/M 8 months S. epidermidis MV Alive 6 months later

4 (6) 12/M 0.5 months S. aureus LV Alive 8 months later

5 (7) 54/M 1.5 months E. cloacae, Lactobacillus Both sides of atrial septum Alive 12 months later

6 (8) 42/F 0.5 month S. aureus AV Alive after 3 months

7 (9) 42/M 1week E. coli Septum and left atrium Died

8 (10) 43/F 7 months S. epidermidis TV Alive 14 months later

9 (2) Unknown Unknown E. faecalis TV 4/6 died

10 (2) Unknown Unknown E. faecalis AV

11 (2) Unknown Unknown Acinetobacter MV

12 (2) Unknown Unknown C. tropicalis Atria

13 (2) Unknown Unknown S. aureus AV,MV,TV

14 (2) Unknown Unknown Unknown Ventricle

15 (11) Unknown Unknown S. epidermidis TV 1/5 died

16 (11) Unknown Unknown Legionella TV

17 (11) Unknown Unknown Mycoplasma TV

18 (11) Unknown Unknown Unknown TV

19 (11) Unknown Unknown Unknown TV

20 (12) 54/M 1month S. aureus MV Alive 6 years later

21 (13) 46/M 3 months S. aureus LV Alive 4 months later

22 (14) 65/M 7 months A. fumigatus MV Died

IE, infective endocarditis; S.,Staphylococcus; E.,Enterococcus; C.,Candida; A., Aspergillus; MV,mitral valve;TV, tricuspid valve; LV, left ventricle; AV, aortic valve.

Table 2
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S. aureus. Endomyocardial biopsies appear to damage the tricuspid

valve and predispose to bacterial seeding of this valve. Other important

mechanisms include LVAD-associated mediastinitis, and possibly, bac-

terial contamination of donor organs. Aspergillus is a surprisingly com-

mon pathogen in post-transplant IE. However, Aspergillus IE seems to

occur in the setting of established Aspergillus infection rather than as a

result of transient fungemia. Systemic emboli, especially to the eye and

brain, seem to be a characteristic feature of this illness. Unfortunately,

the prognosis for post-cardiac transplant IE, from our experience, is

very poor.
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