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Introduction

Infective endocarditis (IE) is a rare disease reported to

occur with an incidence of approximately 6/100 000

inhabitants in the general population [1].

Although intensive antibiotic treatment can cure endo-

carditis in some instances, complications such as exten-

sion of the infection into surrounding cardiac structures,

progressive valvular dysfunction, or even septic embolism

often require cardiac surgery [2,3]. Prior to the introduct-

ion of echocardiography [4], diagnosis of IE was mainly

based on clinical suspicion [5,6]. Therefore, most cases of

IE were discovered through the appearance of secondary

complications in an advanced stage when surgical treat-

ment was associated with a high perioperative mortality.

Immunosuppressive treatment in transplant recipients

predisposes to infections, nevertheless, unspecific symp-

toms of IE, such as fever, lassitude, weight loss, and signs

of inflammation may often be misinterpreted as acute

rejection episode. Little is known about the incidence of

IE as a complication after solid organ transplantation

(SOT). However, Paterson et al. identified 10 cases of IE

in a series of 591 liver transplant recipients, indicating an

incidence of IE of 1.7% in this subpopulation [7].

Beyond this study no incidence data of IE in SOT have

been published. In order to address the question whether

the risk for IE in transplant recipients is increased com-

pared with the risk of the overall population we per-

formed a retrospective analysis of 2556 consecutive

patients who underwent SOT between 1989 and 2004.

Furthermore, we wanted to investigate potential risk fac-

tors for the development of IE and to raise alertness to

this complication after SOT.

Patients and methods

As the introduction of our transplant program in 1974,

approximately 4100 SOTs (including 430 retransplanta-
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Summary

Infective endocarditis (IE) is reported with an incidence of 6/100 000 inhabit-

ants in the general population. Even though immunosuppression predisposes

to systemic infection, reports regarding IE after solid organ transplantation

(SOT) are sparse. From 1989 to 2004, 2556 patients underwent SOT at the

University Hospital Innsbruck. During this period, 27 transplant recipients

were diagnosed IE. Nine patients (33.3%) were diagnosed at autopsy, eight

patients (29.6%) were cured by antibiotic treatment and 10 patients (37.1%)

underwent surgery. Overall mortality was 44.4% (12 patients). Staphylococcus

was the predominant microorganism in 16 cases (59.3%), fungal infection was

present in four patients (14.8%). Incidence of IE was 1% (95% CI: 0.67–1.49),

indicating a 171-fold risk compared with the overall population. IE after SOT

constitutes a significant problem and is associated with an excessive high mor-

tality. Alertness to this condition is indicated, as we might diagnose more cases

of IE in the future.
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tions) have been performed. Our transplant center is

experienced in transplantation of the heart, heart–lung,

lung, liver, kidney, pancreas, small intestine, as well as

multivisceral transplantation, and transplantation of the

hand. Our center is responsible for SOT in the western

regions of Austria and northern parts of Italy with

approximately 1.5 million inhabitants.

Data sources and study sample

All cases of endocarditis occurring at the University Hos-

pital Innsbruck from January 1989 to November 2004

that were hospitalized and evaluated using the hospital

admission/discharge records (Minimum Basic Data Set,

MBDS) of our center. Cases being hospitalized for IE

were identified by the corresponding International Classi-

fication of Diseases (ICD) codes (9th and 10th modifica-

tion) at admission and/or discharge. Only cases that met

the Duke’s criteria of definitive IE [6] were included into

this study. In addition, echocardiographic examination

was performed in all patients being diagnosed alive. As a

second data source, the cardiac surgery registry of our

department was used to validate the incidence of the

MBDS. The local transplant administration provided fur-

ther data supplementing the information of the two

administrative databases.

Autopsy reports of all hospitalized transplant recipients

who showed signs of infection and subsequently died dur-

ing a hospital stay were reviewed.

Statistical analysis

Patients characteristics were described using descriptive

statistical methods. Comparison of categorical variables

was performed by the use of the chi-square test. Incidence

of IE in transplant recipients was estimated by calculating

95% confidence intervals (CI) based on the binomial dis-

tribution. The odds ratio (OR) was calculated in order to

quantify the magnitude of IE incidence in SOT compared

with its incidence in the overall population. This inci-

dence was assumed to be 6/100 000 inhabitants/year as

described by Yankah et al. [1]. Data documentation and

statistical analysis was performed using spss version 12.0

(Chicago, IL, USA).

Results

Incidence of infective endocarditis in solid organ

transplantation

From January 1989 to November 2004, a total of 2556

patients underwent SOT at our center. Table 1 gives an

overview of all SOT during the study period stratified by

organ systems. During this 16-year study period, 27

patients were diagnosed IE. Thus, the incidence of IE in

all transplant recipients was 1.0% (95% CI: 0.67–1.49). As

described in the epidemiologic study by Yankah et al. [1],

incidence of IE was assumed to be 6/100 000 cases/year in

the general population. In our series, incidence of IE

remained stable over the study period, i.e. before the year

2000 there were 15 IE cases among 1388 transplant recipi-

ents (1.08%), later there were 12 cases among 1168 recip-

ients (1.03%, P ¼ 0.89). IE occurred on average in a rate

of 1.6 cases/160 transplant recipients per year. Thus, esti-

mated incidence was 1015 cases per 100 000 transplant

recipients (95% CI: 670–1490 patients), indicating a 171-

fold risk of transplant recipients compared with the over-

all population.

Differences in organ-specific IE incidence were not sta-

tistically significant (P ¼ 0.22). Incidence of IE was

0.98% (14 of 1425 patients) in kidney recipients, 3% in

kidney–pancreas recipients (four of 133), 1.1% in liver

transplant recipients (seven of 638), 0.96% in lung trans-

plant recipients (one of 104; 3.7%), and 0.4% in cardiac

recipients (one of 230).

Autopsy rates decreased during the study period, i.e.

before the year 2000, eight of 15 cases were identified at

autopsy (53.3%), after that only one male liver transplant

recipient (of 12 cases during this period) was diagnosed

IE postmortem at autopsy (8.3%, P ¼ 0.014).

Proportion of transplant recipients in infective

endocarditis

During the study period, 365 patients were hospitalized

because of IE, 173 patients (47.4%) were treated by anti-

biotic treatment alone, 192 patients (52.6%) underwent

urgent or emergent valvular operation because of acute

IE. Because 18 transplant recipients could be identified

alive suffering an acute episode of IE, the proportion of

transplant recipients in IE amounted 4.9%. Eight of these

patients (29.6%) could be cured by antibiotic treatment

Table 1. Overview transplantations, transplanted patients and

retransplantations at our hospital (January 1989–November 2004).

Transplantations Patients Retransplantations

Kidney 1748 1425 323

Kidney pancreas/

pancreas

transplant alone

148 133 15

Liver 666 638 28

Heart 235 230 5

Heart–lung 6 6 0

Lung 111 104 7

Small bowel 24 20 4

Total number 2938 2556 382

Ruttmann et al. Severe endocarditis in transplant recipients
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alone, the remaining 10 patients (37.1%) underwent car-

diac surgery for IE. Urgent or emergent cardiac surgery,

due to failure of conservative therapy, was performed in

seven patients. In three patients elective valvular surgery

was necessary because of resulting valvular incompetence

in chronic-healed endocarditis.

Detailed overview about IE at our center is given in

Table 2.

Patient description

The 27 IE patients’ mean age at the time of transplanta-

tion was 48.6 ± 9.7 years. Median time from transplanta-

tion (or retransplantation) was 21.7 months, ranging

from 1.1 months to 13 years.

In 15 patients (55.6%), infection had to be classified

‘hospital-acquired’, in 12 recipients (44.4%) ‘community-

acquired’. Staphylococcal infection (see Tables 3–5) was

present in 16 patients (59.3%), in 10 patients (37%) more

than one microorganism could be identified in blood spe-

cimen or valve tissue. Fungal infection was present in

four cases (14.8%). In three patients (11.1%), the infec-

tive agent could not be identified by blood or valve tissue,

however, patients were treated empirically.

The mitral valve was involved in 11 cases (40.7%), the

aortic valve in eight recipients (29.6%), the tricuspid

valve in one patient (3.7%), and seven patients were diag-

nosed a double valve endocarditis, affecting the aortic and

mitral valve (25.9%).

Overall mortality was 44.4% (12 patients). Three

patients suffering from community-acquired infection

(25% of community-acquired infections), and nine

patients (60% of hospital-acquired infection) died periop-

eratively or were diagnosed after death. There was a trend

toward higher mortality in patients suffering from hospi-

tal-acquired infection (P ¼ 0.069).

Conservative treatment group

Eight patients were diagnosed IE during hospital stay and

could be treated successfully by antibiotic therapy alone

(Table 3). Seven patients (88%) had undergone a previ-

ous kidney transplantation, one of them kidney retrans-

plantation, another male patient (12%) had undergone a

combined kidney pancreas transplantation for type I dia-

betes and terminal renal failure. Mean age at the time of

transplantation was 49.7 ± 9.9 years. Median time from

transplantation to the infective episode was 49 months

(range from 12 to 98 months). In three of these patients,

infection caused irreversible loss of allograft function.

One female patient underwent kidney retransplantation

1 year after the infective event and is well without any

signs of recurrence.

Cardiac surgery group

In seven patients urgent or emergent cardiac surgery had

to be performed due to failure of conservative treatment

(Table 4). Mean age at the time of transplantation was

Table 2. Overview hospitalized patients for infective endocarditis

based on the International Classification of Diseases (ICD) codes taken

from the Minimum Basic Data Set (MBDS) and the cardiac surgery

registry of our department.

MBDS,

local data

Transplant

recipients

Conservative treatment only 173 patients 8 patients (4.6%)

Cardiac surgery (for

infective endocarditis only)

192 patients 7 patients (3.6%)

Autopsy finding, diagnosis

postmortem

Cannot be

answered

9 patients

Valve surgery in chronic-healed

endocarditis

Cannot be

answered

3 patients

Total number (diagnosis alive) 365 patients 18 patients (4.9%)

Table 3. Patients being diagnosed definitive infective endocarditis that could be managed by antibiotic treatment alone (1989–2004).

Patient Tx Valve

Time from Tx to

endocarditis Immunosuppression Organism Loss of organ

37 years, female Second

kidney

Mitral 8 years Tac/cort Enterococcus faecium Yes, re-Tx

1 year later

67 years, male Kidney Aortic 2 years and 7 months CyA Escherichia coli, Enterococcus faecium No

38 years, male Kidney–

pancreas

Mitral 1 year and 7 months Tac/myc Unknown, pneumonia No

55 years, male Kidney Aortic 7 years and 10 months CyA/aza Streptococcus viridans, aortic stenosis No

52 years, female Kidney Mitral 1 year and 10 months Tac/myc Salmonella D, after enteritis No

51 years, male Kidney Mitral 6 years and 6 months CyA/aza KNS, Pseudomonas, central venous line Yes

51 years, female Kidney Mitral 8 years and 1 month CyA/aza Staphylococcus aureus, Candida Yes

45 years, female Kidney Mitral 1 year CyA/myc/cort KNS No

Tac, tacrolimus; cort, corticosteroids; CyA, cyclosporin A; aza, azathioprine; myc, mycophenolate mofetil; Tx, transplantation; KNS, coagulase-

negative Staphylococcus.

Severe endocarditis in transplant recipients Ruttmann et al.

692 Transplant International 18 (2005) 690–696 ª 2005 European Society for Organ Transplantation



T
a
b
le

4
.

Pa
ti
en

ts
u
n
d
er

g
o
in

g
ca

rd
ia

c
su

rg
er

y
fo

r
ac

u
te

an
d

ch
ro

n
ic

-h
ea

le
d

en
d
o
ca

rd
it
is

(1
9
8
9
–2

0
0
4
).

Pr
ev

io
u
s

so
lid

o
rg

an

tr
an

sp
la

n
ta

ti
o
n

Pa
ti
en

t

ch
ar

ac
te

ri
st

ic
s

Ti
m

e
fr

o
m

tr
an

sp
la

n
t

to

en
d
o
ca

rd
it
is

A
ff

ec
te

d
h
ea

rt
va

lv
e

M
ic

ro
b
io

lo
g
ic

fi
n
d
in

g
s

In
tr

ao
p
er

at
iv

e

m
ic

ro
b
io

lo
g
ic

fi
n
d
in

g
s

V
al

ve
su

rg
er

y
fo

r
ac

u
te

en
d
o
ca

rd
it
is

(u
rg

en
t

o
r

em
er

g
en

t
ca

rd
ia

c
p
ro

ce
d
u
re

)

B
ila

te
ra

l
lu

n
g

tr
an

sp
la

n
ta

ti
o
n

4
1

ye
ar

s,
m

al
e

1
0
0

d
ay

s
M

it
ra

l
va

lv
e

M
R
SA

Po
si

ti
ve

C
ar

d
ia

c
tr

an
sp

la
n
ta

ti
o
n

5
8

ye
ar

s,
m

al
e

1
2

ye
ar

s
an

d
4

m
o
n
th

s
Tr

ic
u
sp

id
va

lv
e,

p
ac

em
ak

er
-r

el
at

ed
in

fe
ct

io
n

U
n
kn

o
w

n
N

eg
at

iv
e

K
id

n
ey

tr
an

sp
la

n
ta

ti
o
n

5
6

ye
ar

s,
fe

m
al

e
1
3

ye
ar

s
M

it
ra

l
va

lv
e,

p
ro

st
h
et

ic

va
lv

e
en

d
o
ca

rd
it
is

St
ap

h
yl
o
co
cc
u
s
au

re
u
s

Po
si

ti
ve

4
9

ye
ar

s,
fe

m
al

e
4

m
o
n
th

s
A

o
rt

ic
an

d
m

it
ra

l
va

lv
e

en
d
o
ca

rd
it
is

M
R
SA

,
A
sp
er
g
ill
u
s
fu
m
ig
at
u
s

Po
si

ti
ve

K
id

n
ey

–p
an

cr
ea

s
tr

an
sp

la
n
ta

ti
o
n

4
9

ye
ar

s,
fe

m
al

e
4
6

d
ay

s
M

it
ra

l
va

lv
e

K
N

S
Po

si
ti
ve

Li
ve

r
tr

an
sp

la
n
ta

ti
o
n

4
9

ye
ar

s,
fe

m
al

e
1

ye
ar

an
d

2
m

o
n
th

s
A

o
rt

ic
an

d
m

it
ra

l
va

lv
e

en
d
o
ca

rd
it
is

En
te
ro
b
ac
te
r,

K
N

S
Po

si
ti
ve

5
1

ye
ar

s,
m

al
e

3
w

ee
ks

A
o
rt

ic
va

lv
e

en
d
o
ca

rd
it
is

St
ap

h
yl
o
co
cc
u
s
au

re
u
s

Po
si

ti
ve

Ti
m

e
fr

o
m

en
d
o
ca

rd
it
is

to
ca

rd
ia

c
su

rg
er

y

V
al

ve
su

rg
er

y
fo

r
ch

ro
n
ic

-h
ea

le
d

en
d
o
ca

rd
it
is

(e
le

ct
iv

e
su

rg
er

y)

K
id

n
ey

tr
an

sp
la

n
ta

ti
o
n

3
7

ye
ar

s,
fe

m
al

e,
th

ir
d

ki
d
n
ey

tr
an

sp
la

n
t

1
ye

ar
an

d
8

m
o
n
th

s
M

it
ra

l
va

lv
e

K
N

S
6

m
o
n
th

s,
m

it
ra

l
va

lv
e

re
p
ai

r

5
7

ye
ar

s,
fe

m
al

e
5

m
o
n
th

s
A

o
rt

ic
an

d
m

it
ra

l
va

lv
e,

rh
eu

m
at

ic
va

lv
e

st
en

o
si

s

K
N

S
4

m
o
n
th

s,
m

ec
h
an

ic
al

d
o
u
b
le

va
lv

e
re

p
la

ce
m

en
t

4
8

ye
ar

s,
m

al
e

3
ye

ar
s

an
d

2
m

o
n
th

s
A

o
rt

ic
va

lv
e

K
le
b
si
el
la

,
Es
ch
er
ic
h
ia

co
li

5
m

o
n
th

s,
m

ec
h
an

ic
al

ao
rt

ic
va

lv
e

re
p
la

ce
m

en
t

K
N

S,
co

ag
u
la

se
-n

eg
at

iv
e
St
ap

h
yl
o
co
cc
u
s;

M
R
SA

,
m

et
h
ic

ill
in

e-
re

si
st

an
t
St
ap

h
yl
o
co
cc
u
s
au

re
u
s.

Ruttmann et al. Severe endocarditis in transplant recipients

Transplant International 18 (2005) 690–696 ª 2005 European Society for Organ Transplantation 693



45.3 ± 6.4 years. Median time from transplantation to

diagnosis of IE was 14.3 months (ranging from 3 weeks

to 13 years).

In three kidney recipients, infection could be cured by

single antibiotic treatment first, however remaining valvu-

lar incompetence required cardiac procedure 4, 5 and

6 months after the infective event, respectively.

Autopsy findings

In nine patients (33.3%) IE was diagnosed at autopsy

(Table 5). Five patients had previous liver transplantation,

two patients had combined kidney–pancreas transplanta-

tion (one of them kidney retransplantation) and two

recipients had previous kidney transplantation. Two

patients had received chemotherapy, one liver transplant

recipient because of PTLD and one female kidney recipi-

ent because of breast cancer. Another male liver trans-

plant recipient developed enterococcal sepsis while being

treated for cytomegalovirus (CMV) enteritis. Again, Sta-

phylococcus was the predominant infective microorganism

in six cases (66.6%). Mean age at transplantation had

been 50.5 ± 12.2 years, median time from transplantation

to death was 21 months (3 months to 9 years).

Discussion

In our long-term single center experience from 1989 to

2004, 1.0% of all transplant recipients acquired acute IE.

Conversely, 4.9% of all patients (18 of 365 patients) who

were hospitalized for active IE had previous SOT.

The incidence of IE in transplant recipients remained

stable during the past few years, however, the proportion

of transplant recipients who were diagnosed IE at autopsy

decreased significantly. This concludes that approximately

one-third of IE cases in transplant recipients have previ-

ously been missed. Nevertheless, we know from epidemio-

logic studies [8,9] that improvements in health care have

almost eradicated classical ‘community-acquired’ IE. Yet,

we have generated a new group at risk and epidemiology

of this disease has dramatically shifted toward hospital-

acquired IE. In total, incidence of IE has not decreased

during the past 20 years.

Because of the infrequent diagnosis of this disease, even

high-volume transplant centers may have limited experi-

ence in diagnosis and therapy of IE in transplant recipi-

ents. Few case reports are available in the medical

literature, mainly reporting transplanted patients with IE

that were successfully treated with antibiotic medication

alone [10–14]. Several published cases describe rare

organisms and even fungal contamination to be the cause

of infection [14–18]. Up to date, no epidemiologic studies

with sufficient sample size and follow up have been pub-

lished investigating IE in transplant recipients.

Therefore, little is known about mode of infection and

predisposing risk factors in this special population.

Immunosuppression is necessary in transplant surgery;

however, augmented immunosuppression for therapy of

Table 5. Patients diagnosed valve endocarditis after death at autopsy (1989–2004).

Patient Organ

Time post-

transplant

Affected

valve Immunosuppression

Infective

organism Possible focus Tx cause

25 years, male Kidney 5 years and

11 months

Mitral Tac/myc Staphylococcus

aureus

Pneumonia Glomerulonephritis

53 years, male Liver 3 months Aortic and

mitral

Tac/myc/cort KNS, Enterococcus Central venous

line

Fatty liver cirrhosis

44 years, female Kidney–pancreas,

second kidney

8 years and

11 months

Aortic and

mitral

Tac/myc/cort MRSA Urosepsis Diabetes

62 years, female Kidney–pancreas 1 year and

9 months

Aortic and

mitral

Tac/myc/cort Aspergillus,

Pseudomonas

Invasive pulmonal

aspergillosis

Diabetes

54 years, female Kidney 2 years and

5 months

Aortic CyA/aza MRSA Breast cancer,

chemotherapy

Shrunken kidneys

56 years, male Liver 11 months Aortic and

mitral

Tac/myc Unknown PTLD,

chemotherapy

Fatty liver cirrhosis

40 years, male Liver 7 years and

1 month

Aortic CyA/myc MRSA, Aspergillus Pneumonia, sepsis Hepatitis C cirrhosis

60 years, male Liver 11 months Aortic Rapa/myc KNS, Aspergillus Pneumonia Hepatitis C cirrhosis

60 years, male Liver 10 months Aortic and

mitral

CyA/myc Enterococcus Sepsis after

CMV enteritis

Fatty liver cirrhosis

Tac, tacrolimus; myc, mycophenolate mofetil; cort, corticosteroids; CyA, cyclosporin A; aza, azathioprine; rapa, rapamycine; KNS, coagulase-negat-

ive Staphylococcus; MRSA, methicilline-resistant Staphylococcus aureus; Tx, transplantation; CMV, cytomegalovirus; PTLD, post-transplant lympho-

proliferative disease.

Severe endocarditis in transplant recipients Ruttmann et al.
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acute rejection may enhance the risk of systemic infec-

tion. In our series, three patients developed sepsis after a

rejection episode that had been treated with corticoster-

oids. Four patients experienced overimmunosuppression

either because of aggressive basic immunosuppression for

a high immunologic risk or unintentional excessive drug

levels, two patients may have been overimmunosup-

pressed as concomitant chemotherapy was given.

In the general population, underlying structural valve

deterioration is a main predisposing factor in approxi-

mately 50% of IE [19]. We identified only three patients

with underlying structural valve disease (or prosthetic

valve replacement) as the predisposing factor for IE.

Additionally, none of the cases being found at autopsy

had underlying valve disease. In conclusion with Paterson

et al. [7], it seems to be a less relevant factor in the

immunocomprimised host compared with the overall

population. Conversely, Abbott et al. [20] and colleagues

identified structural valve disease as the most important

factor for hospitalization of IE in kidney recipients in the

USA. However, autopsy cases were not included into this

retrospective registry study. Based on the findings of our

study, we assume that approximately one-third of patients

might have been missed by Abbott et al.’s [20] study

making it less likely that underlying structural valve dis-

ease is the most relevant factor in the development of IE.

Because of limited host defense, IE appears incurable

without appropriate antibiotic therapy in transplant

recipients, as no one of our surgical patients with healed

endocarditis had been without medical therapy. IE

requires urgent treatment because of rapid progression

of infection. Timely surgical intervention reduces secon-

dary complications such as septic embolism and perival-

vular destructions, and therefore decreases the risk of

recurrence [21,22]. All surgical cases operated in the

active stage of IE (seven patients) were found by echo-

cardiography during the recent 5 years. We assume that

improved diagnostic measures, mainly the use of echo-

cardiography, have led to an increased number of trans-

plant recipients being diagnosed with IE alive, and we

conclude that the majority of cases have previously been

missed or were diagnosed postmortem. Dealing with an

increasing number of transplant recipients and long-term

post-transplant patients, alertness to IE is of major

importance.

Despite the considerable proportion of more than 4.9%

of all patients treated for IE at our hospital in this period

(18 of 365 cases) and the estimated 171-fold higher inci-

dence compared with the overall population, no guide-

lines are currently available for prevention, diagnosis, and

treatment of IE in transplant recipients. Transplant recipi-

ents are not even classified as patients at risk for IE and

are not mentioned by international task force groups

[23,24]. Our data indicate, in concordance with Paterson

et al.’s study [7] that alertness to IE and timely diagnosis

of IE is of paramount importance after SOT. We there-

fore support Paterson et al.’s recommendation that IE

ought to be documented as SOT-specific complications

by multicenter registries.

In conclusion, clinical appearance and course of IE

may be similar in transplant and in nontransplanted

patients; however, in transplant recipients successful anti-

biotic and surgical treatment is compromised by limited

host defense and high exposition to antibiotic-resistant

organisms. This also suggests the low impact of underly-

ing valve disease as a potential risk factor in this special

population.

This series of 27 patients does not permit us to define

regularities in clinical appearance and treatment of IE.

Nevertheless, these clinical cases allow insight into epi-

demiology, clinical presentation and treatment options

for IE and should raise alertness to a significant problem

in SOT that is still associated with an excessive high

mortality.
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