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Objective: To evaluate predictors of long term prognosis in infective endocarditis.
Design: Retrospective cohort study.
Setting: Tertiary care centre.
Patients: 212 consecutive patients with infective endocarditis between 1980 and 1995
Main outcome measures: Overall and cardiac mortality; event-free survival; and the following
events: recurrence, need for late valve surgery, bleeding and embolic complications, cerebral dysfunc-
tion, congestive heart failure.
Results: During a mean follow up period of 89 months (range 1–244 months), 56% of patients died.
In 180 hospital survivors, overall and cardiac mortality amounted to 45% and 24%, respectively. By
multivariate analysis, early surgical treatment, infection by streptococci, age < 55 years, absence of
congestive heart failure, and > 6 symptoms or signs of endocarditis during active infection were pre-
dictive of improved overall long term survival. Independent determinants of event-free survival were
infection by streptococci and age < 55 years. Event-free survival was 17% at the end of follow up both
in medically–surgically treated patients and in medically treated patients.
Conclusions: Long term survival following infective endocarditis is 50% after 10 years and is
predicted by early surgical treatment, age < 55 years, lack of congestive heart failure, and the initial
presence of more symptoms of endocarditis.

Although modern antibiotic and surgical treatments have
substantially improved outcome in recent decades,
infective endocarditis remains a life threatening dis-

ease. As mortality during the active phase of the infection has
declined, long term morbidity and mortality caused by late
sequelae such as congestive heart failure, valve incompetence,
and predisposition to recurrent infective endocarditis are
becoming more important. Moreover, the focus has shifted
away from infections of native valves to endocarditis of pros-
thetic valves in the elderly and to endocarditis in users of
injected drugs.

Evidence is growing that combined medical–surgical treat-
ment leads to reduced short term mortality in both prosthetic
and native valve infective endocarditis.1–3

Many studies have addressed the question of short term
survival, whereas long term prognosis has been investigated

less thoroughly. Data on direct comparisons between medical–

surgical and medical treatments, as well as studies on the out-

come of early valve surgery, are scarce.4–7

The objectives of this study were to evaluate predictors of

long term survival and morbidity in a large cohort of patients

with infective endocarditis. In particular, the study focused on

comparing combined medical and early surgical treatment

with medical treatment alone, on separately assessing the

overall population and hospital survivors, and on determining

the outcome in the more homogeneous subgroups of

prosthetic and native valve endocarditis exclusive of users of

injected drugs.

PATIENTS AND METHODS
Study design
In a European 1050 bed tertiary referral centre for a

population of 1.2 million, data on all patients hospitalised

with possible or definite infective endocarditis (fulfilling the

Duke criteria 8) between 1 January 1980 and 31 December

1995 were retrospectively reviewed. Patients were followed up

until death or 30 September 2000.

Data collection was based on the systematic review of all

patient charts, all reports from the echocardiography labora-

tory, and all valve surgery reports during the study period.
Furthermore, follow up data were obtained by written stand-
ardised questionnaires sent to patients’ treating physician(s)
and by telephone interviews with patients or their families.

Data analysis and definitions
Demographic data, risk factors for endocarditis, clinical

variables at study entry, and clinical, echocardiographic, and

outcome data were evaluated. Predefined end points and

events were overall and cardiac mortality, recurrent infective

endocarditis, valve surgery, valve prosthesis dysfunction,

embolic and bleeding complications, cerebral dysfunction, and

congestive heart failure. Morbidity was defined in accordance

with the guidelines published by Clark and colleagues.9

Data were analysed for the entire study population and for
hospital survivors only. Subgroup analysis was carried out of
patients with native valve infective endocarditis exclusive of
intravenous drug users and of those with prosthetic valve
infective endocarditis.

Early and late surgical treatments were defined as valve
repair or replacement during and after the active phase (that
is, during antibiotic treatment) of infective endocarditis,
respectively. Medical–surgical group and medical group refer
to patients undergoing and not undergoing early surgical
treatment, respectively.

Complete follow up was defined as availability of infor-
mation up to the end of the study (30 September 2000) or
death. Follow up was defined as incomplete where infor-
mation could be gathered for a time after the index admission
but not up to the end of the study or death.

Statistical analysis
Categorical and continuous variables were compared by the χ2

test and the unpaired Student t test, respectively. For

multivariate analysis (Cox regression analysed by Stata

Statistical Software 5.0, Stata Corporation, College Station,

Texas, USA) and actuarial survival analysis (Mantel-Haenszel

test analysed by StatView 4.57, Abacus Concepts, Berkeley,

California, USA), significance was defined as p < 0.05. Data

are reported as mean (SD).
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RESULTS
Patient characteristics and clinical data
During the observation period, 212 patients were treated for

infective endocarditis, of whom 73% and 17% had native and

prosthetic valve infections, respectively; the remaining 10%

were injected drug users. Isolated aortic, mitral, and tricuspid

valve infections occurred in 39%, 21%, and 2%, respectively.

Both the mitral and aortic valves were involved in 14%, and in

2% more than two valves were affected. In 22% the precise

location of endocarditis could not be identified with certainty.

Mean age was 53 years (range 17–90 years) with a

predominance of male to female patients (3:1).

Responsible organisms were Streptococcus viridans (3%),
other streptococci (10%), Staphylococcus aureus (23%), coagu-
lase negative staphylococci (10%), other organisms (11%),
polymicrobial (5%), and unknown (9%).

Baseline characteristics of the groups with and without
early surgery differed only in factors that are indications for
valve surgery during the active phase (table 1).

A detailed study of the clinical, echocardiographic, and
autoptic analyses during hospitalisation has been reported
previously.10

Valve surgery, in addition to standard medical treatment,
was performed in 81 patients after a mean of 19 (52) days fol-
lowing admission. Mitral, aortic, tricuspid, and combined

Table 1 Characteristics of medically–surgically treated (MST) versus medically
treated (MT) patients

MST group
(n=81)

MT group
(n=131) p Value

Mean (SD) age (years) 52 (16) 53 (19) NS
Cardiac risk factors 53 (65) 80 (61) NS

Prior infective endocarditis 3 (4) 6 (5) NS
Pre-existing valvar heart disease 34 (42) 58 (44) NS
Pre-existing prosthetic valve 19 (23) 17 (13) NS
Congenital heart disease 3 (4) 5 (4) NS

Non-cardiac risk factors 29 (36) 56 (43) NS
Injected drug use 7 (9) 15 (11) NS
Renal insufficiency 16 (20) 21 (16) NS
Diabetes mellitus 10 (12) 17(13) NS
Cancer 6 (7) 16 (12) NS

Causative organisms: staphylococci 35 (43) 41 (31) NS
Causative organisms: streptococci 33 (41) 69 (53) NS
Infection of aortic valve 67 (83) 49 (37) <0.001
Congestive heart failure during endocarditis 37 (46) 51 (39) NS
Systemic emboli during endocarditis 36 (44) 35 (27) <0.01
Mean (SD) symptoms/signs of endocarditis 7 (2) 6 (2) <0.02
Mean (SD) duration of hospital stay (days) 43 (28) 32 (22) <0.002
Cerebral dysfunction at discharge 7 (9) 8 (6) NS
Long term mortality 36 (44) 83 (63) <0.01

Data are n (%) unless otherwise indicated.

Table 2 Factors associated with long term survival: univariate analysis

No death
(n=93)

Death
(n=119) p Value

Mean (SD) age (years) 45 (17) 59 (50) <0.001
Male sex 70 (75) 90 (76) NS
Cardiac and non-cardiac risk factors 70 (75) 103 (87) <0.04
Cardiac risk factors 60 (65) 73 (61) NS

Pre-existing valvar heart disease 44 (47) 48 (40) NS
Pre-existing prosthetic valve 12 (13) 24 (20) NS
Congenital heart disease 6 (6) 2 (2) NS

Non-cardiac risk factors 21 (23) 64 (54) <0.001
Injected drug use 9 (10) 13 (11) NS
Renal insufficiency 10 (11) 27 (23) <0.02
Diabetes mellitus 8 (9) 19 (16) NS
Cancer 3 (3) 19 (16) <0.003

Mean (SD) symptoms/signs on admission 6 (2) 5 (2) <0.05
Symptoms/signs during endocarditis

Fatigue 71 (76) 68 (57) <0.004
Arthralgia 34 (37) 20 (17) <0.001
Congestive heart failure 31 (33) 57 (48) <0.03
Peripheral arterial embolism 38 (41) 33 (28) <0.04
Cough 52 (56) 44 (37) <0.006
Vascular phenomena 57 (61) 56 (47) <0.04

Mean (SD) C reactive protein (mg/l) 83 (60) 140 (80) <0.001
MT patients 48 (52) 83 (70) <0.02

Late valve surgery 5 (5) 11 (9) NS
MST patients 45 (48) 36 (30) <0.02

Valve surgery during follow up 2 (2) 3 (3) NS
Anticoagulant treatment endocarditis 59 (63) 65 (55) NS
Causative organisms: staphylococci 29 (31) 47 (39) NS
Causative organisms: streptococci 53 (57) 49 (41) NS

Data are n (%) unless otherwise indicated.
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mitral–aortic valve surgery was performed in 15%, 72%, 1%,
and 12%, respectively.

Indications for surgery during active infective endocarditis
were congestive heart failure (37 patients), persistent signs of
septicaemia despite antibiotic treatment (7), recurrent em-
bolisation (24), paravalvar involvement (4), vegetation size
> 10 mm (13), and dysfunction of valve prosthesis (13).

All patients were followed up. Follow up was complete in
94% (mean 89 (60) months, range 1–244 months).

Mortality
Long term and in-hospital mortality
Overall mortality was 24%, 42%, 50%, and 56% after 1, 5, 10,

and 20 years, respectively. For survivors of the active phase of

infective endocarditis, mortality was 9%, 28%, 37%, and 45%

after 1, 5, 10, and 20 years, respectively. The respective propor-

tions for native valve infections were 22%, 38%, 46%, and 54%

overall and 16%, 29%, 39%, and 47% for hospital survivors;

those for prosthetic valve infections after 1, 5, and 10 years

were 31%, 53%, and 64% overall and 14%, 41%, and 55% for

hospital survivors (table 2).
In-hospital mortality after the first admission amounted to

15% overall and was 22% and 14% for the groups with native
and prosthetic valve infections, respectively.

During follow up, 48% of the survivors of the acute phase

died after a mean of 61 (55) months, with cardiac causes of

death in 30% (23% of the medical–surgical group and 37% of

the medical group). Congestive heart failure (50%), sudden

death (38%), infective endocarditis (8%), and myocardial inf-

arction (4%) were similarly distributed between patients with

and without early valve surgery.

Factors associated with long term mortality
By univariate analysis various risk factors for endocarditis

such as pre-existing renal failure (serum creatinine

> 200 µmol/l) and cancer, as well as a higher number of

symptoms and signs of endocarditis, were directly associated

with long term mortality (table 2). These associations

persisted when applied to the group of native valve infections

and to the respective groups of hospital survivors.

The presence of an abscess was not predictive of long term

survival, neither for the overall population (mortality in

patients with versus those without abscess was 63% v 52%,

p = 0.43) nor for hospital survivors (40% v 46%, p = 0.72).

For prosthetic valve infections (overall and hospital

survivors), age was the only factor associated with long term

mortality (p < 0.02).

By multivariate analysis, the following factors were predic-

tive of overall long term mortality: absence of early surgical

treatment (odds ratio (OR) 1.86, 95% confidence interval (CI)
1.25 to 2.75, p < 0.002), organisms other than streptococci
(OR 1.73, 95% CI 1.19 to 2.51, p < 0.004), fewer symptoms or
signs of endocarditis on admission (OR 1.79, 95% CI 1.20 to
2.68, p < 0.004), congestive heart failure during active endo-
carditis (OR 1.76, 95% CI 1.20 to 2.59, p < 0.004), and age
> 55 years (OR 2.57, 95% CI 1.72 to 3.83, p < 0.0001). The
same association was found for hospital survivors and for
overall long term mortality in native valve infections. For sur-
vivors of native valve infections, this was true only for no early
surgical treatment, fewer symptoms on admission, and age
> 55 years.

Effects of medical–surgical versus medical treatment on
mortality
Both long term overall and cardiac mortalities were signifi-

cantly lower in patients treated medically and surgically in the

acute phase of the disease than in medically treated patients

(figs 1 and 2).
Even after this analysis was applied to the survivors of the

initial hospitalisation, the same benefit persisted (fig 3).
Furthermore, a comparison between the surgically–

medically and medically treated patients in the subgroup of
native valve infections showed the same pattern (fig 4).
Differences in baseline characteristics were comparable with
those of the total population (mortality, p = 0.0008; systemic
emboli, p < 0.006; detection of vegetation, p < 0.0001; infec-
tion of the aortic valve, p < 0.003).

Figure 1 Overall survival in patients treated both medically and
surgically (MST) versus those treated medically only (MT).
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Figure 2 Cardiac mortality in the medically and surgically (MST)
treated group versus those treated medically only (MT).
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Figure 3 Overall survival of hospital survivors.
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Patients with prosthetic valve endocarditis underwent sur-

gery more often if they had an abscess (p < 0.008) or vascular

symptoms on admission (p < 0.05). These patients had a

higher likelihood of reoperations (p < 0.05) but did not have

higher long term mortality.

Morbidity
Recurrence of infective endocarditis
During follow up, one third of patients who presented with

recurrent infective endocarditis underwent valve surgery

(table 3). The mean duration of hospitalisation was 26 (15)

days, which was similar to the duration of stay for the initial

episodes of infective endocarditis. Outcome was fatal in two

patients who had received antibiotic treatment only initially.

No factors predictive of recurrence were identified.

Late valve surgery
Late valve surgery was performed in 11% of patients at a mean

interval of 49 (51) months after the initial admission for

infective endocarditis.

In patients with native valve endocarditis, severe valvar

regurgitation (aortic valve in 11, mitral valve in three,

combined aortic and mitral valve in two patients) was the

indication for surgical treatment.

Pre-existing aortic valve stenosis (p < 0.005) and conges-

tive heart failure during follow up (p = 0.003) predicted the

need for late valve surgery.

Bleeding complications
During long term follow up, 56% of patients were taking oral

anticoagulants for a mean of 91 (63) months. Although

patients with prosthetic valve disease (p < 0.008) or with

early valve surgery (p < 0.04) were more frequently taking

oral anticoagulation, bleeding complications were not more

frequent in these groups over the long term. Factors associated

with bleeding complications were known diabetes mellitus

(p < 0.01) and weight (p < 0.02) at the time of active

endocarditis, but not oral anticoagulation.
Bleeding complications leading to hospital admission were

intracranial haemorrhage and gastrointestinal bleeding (five

cases each), as well as bleeding into the lung, spleen, gluteal

muscle, breast, sternal wound, and pericardium (one case

each). Seven patients died from bleeding complications (all

intracranial and two gastrointestinal bleeding episodes).

Cerebral dysfunction
Cerebral dysfunction persisted on hospital discharge after the

index admission in 8% of patients (9% in the medical–surgical

and 8% in the medical group, NS). For native and prosthetic

valve infections the proportions were 8% and 11%, respectively

(NS).

After discharge, cerebral function deteriorated acutely in

7% of patients, 77% of whom were taking oral anticoagulants.

Age > 55 years was predictive of cerebral dysfunction after

discharge (p < 0.05), but early valve replacement during the

active phase of infective endocarditis was not.

Peripheral arterial embolism
Peripheral arterial embolism was observed in two patients

(1%) with prosthetic valves on first admission who had been

treated medically during the initial infection. Mesenteric inf-

arction was present in one of these patients and embolism to

the central artery of the retina in the other.

Congestive heart failure
During follow up, 19% of patients presented with congestive

heart failure. The frequency was similar in the groups with

(17%) versus those without (21%) early surgical treatment

(NS) and with native (18%) versus prosthetic (16%) valve dis-

ease (NS).

A predictor of heart failure during long term follow up was

age > 55 years (p < 0.003). However, there was no correlation

between the severity of congestive heart failure before and

that after active infective endocarditis.

Predictors of event-free survival
At the end of follow up (89 (60) months), 17% of patients both

in the medical–surgical and in the medical group were alive

and free of late complications.

Independent predictors of long term event free survival at

the time of first hospital admission were infection by strepto-

cocci (OR 1.54, 95% CI 1.13 to 2.08, p < 0.006) and age

< 55 years (OR 2.08, 95% CI 1.51 to 2.86, p < 0.0001). The

same association was found for survivors of the initial episode

and for native valve infections. For hospital survivors of native

valve infection, the predictive parameters were age < 55 years

and freedom from cerebral dysfunction at the time of hospital

discharge.

DISCUSSION
This observational study in a large patient population with

infective endocarditis, followed up for an average of 7.5 years,

Figure 4 Overall survival in native valve endocarditis
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Table 3 Morbidity following infective endocarditis

Incidence
(% per year)

MST group
(n=75)

MT group
(n=105) p Value

Recurrent endocarditis 1.12 3 (4) 12 (11) 0.02
Late valve surgery 1.57 5 (7) 16 (15) 0.06
Bleeding complications 1.27 9 (12) 8 (8) NS
Cerebral dysfunction 1.12 7 (9) 8 (8) NS
Peripheral arterial embolism 0.15 0 (0) 2 (2) NS
Congestive heart failure 2.62 13 (17) 22 (21) NS
Event-free survival NA 13 (17) 18 (17) NS

Data are n (%) unless otherwise indicated. NA, not applicable.
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documented a high mortality and even greater morbidity: at

10 years of follow up, 50% of patients with infective endocar-

ditis were dead and 85% of them had suffered morbid events

such as recurrent endocarditis, bleeding and embolic compli-

cations, cerebral dysfunction, and congestive heart failure or

they have required valve surgery for various reasons. Aside

from a young age at the onset of the disease and streptococci

as the causing organism, which reduced both mortality and

morbidity, early valve surgery appears to improve the progno-

sis of infective endocarditis.

Mortality
Survival rates observed in this study are at the lower end of the

range of other reports (survival at 10 years 52–73%), although

direct comparison is difficult because of variable characteris-

tics of the respective populations.11–15

Cardiac causes were responsible for one third of deaths

during follow up and—as in previous studies16 17—were mostly

related to congestive heart failure and sudden death in similar

frequency. Mortality was highest during the first months after

discharge and stable thereafter.14 17 18

Similar to previous reports, we found no difference in long

term survival between mitral and aortic valve disease.14 19 20

Delahaye and colleagues18 found absent permanent pyrexia,

male sex, valve prosthesis, older age, congestive heart failure

during follow up, absence of early surgery, staphylococci or

organisms other than streptococci and staphylococci, and

acute or complicated onset to be independent predictors of

fatal long term outcome. The latter four factors were equally

predictive in our population.

Morbidity
As in other reports, event-free long term survival was rare.

Congestive heart failure and the need for late valve surgery

were the most frequent causes of morbidity.14 21 22 Recurrence

of infective endocarditis was rare but the incidence was still

higher than that of infective endocarditis in the general popu-

lation (that is, < 0.003% per year14 21–25). As in our analysis,

others found a similar predominance of recurrent endocardi-

tis in medically compared with medically–surgically treated

patients.2 15

The need for late valve surgery was more common in

patients treated solely medically during active endocarditis.

Although this pattern is consistent with most previously pub-

lished data, the necessity for late valve surgery after medically

treated infection was considerably lower in our series.14 15 A

possible explanation is a more aggressive attitude towards

early operative intervention in patients likely to develop

persistent haemodynamic dysfunction.

Peripheral embolisation was a rare complication in spite of

the prevalence of predisposing conditions such as prosthetic

heart valves and a thrombogenically altered valve surface after

healed endocarditis. These findings are in accordance with

earlier reports2 14 26 and document the lower risk of such com-

plications in recent years, which is caused, in part, by the drop

in the use of prosthesis with high thrombogenicity (caged ball

valves) and better adjustment of anticoagulation.27 28

To our knowledge there are no comparable data in the

literature concerning the frequency of bleeding episodes and

cerebral dysfunction in the long term after healed infective

endocarditis, which in our population were rare.

While there are some early case reports of the occurrence of

neurological complications during late follow up,29 30 Salgado

and colleagues31 found no increased rate of stroke during a

mean of 48 months after healed native valve endocarditis.

However, they reported an incidence of 13% of cerebrovascular

complications in 90 patients with prosthetic valves implanted

either before, during or < 6 weeks after completion of

antibiotic treatment. These data are not easily comparable

with the present results because of the lack of data about the

type of valve prosthesis and the anticoagulation regimens
used, among other reasons. In a large meta-analysis of
patients with mechanical heart valve prostheses treated with
coumarin, Cannegieter and colleagues27 found an annual inci-
dence of valve thrombosis of 2%, of major thromboembolism
of 1%, and of major bleeding episodes of 1.4%.

Medical or medical–surgical treatment?
Effects on mortality
Since the time of the first successful implantation of a

prosthetic valve during active infective endocarditis more than

35 years ago, one of the eminent practical questions in patients

with acute infective endocarditis is whether they would ben-

efit from early valve surgery.32 Potential risks of surgery in the

active phase of the infection have to be weighed against the

potentially unfavourable course of medical treatment only

(early mortality caused by uncontrollable infection or late

decision for surgery, haemodynamically important sequelae

caused by impaired valve function).
Operative mortality in infective endocarditis has been

declining steadily from 9–37% some decades ago33 to
2–12%34–35 in recent years.

Tornos et al14, Malquarti et al,20 and Castillo et al21 did not find
a better survival rate following early surgery in their
populations with native valve endocarditis. Studies by Vlessis
et al36 and Olaison et al2 showed an association between early
surgery and improved survival over five years, although this
was no longer significant after multivariate analysis in the lat-
ter study. Other studies found better long term survival after
surgery in specific subgroups such as aortic and prosthetic
valve disease.1 37

In our analysis, long term mortality was significantly lower
in patients undergoing surgery during the active phase of the
disease. This was also true for patients with native valve infec-
tion, a condition commonly judged to be less indicative for
early surgery.38 39

Effects on morbidity
Only a few studies have examined the possible impact of early

surgery on long term morbidity compared with medical

treatment.2 14 Even after successful medical treatment during

the active phase, the necessity for valve replacement during

the early follow up years is considerable.14

In one study only 13% of medically treated patients with
native valve disease were alive without late valve replacement
after a mean follow up of 7.3 years but reoperation was indi-

cated in only 3% of patients with early valve surgery.15

In the study by Tornos and colleagues,14 valve surgery

became necessary during early follow up in 50% of the medi-

cally treated episodes of native valve infection (38% survived

valve prosthesis-free to the end of the 68 month follow up),

while reoperation was necessary in only 6.5% of patients who

underwent early surgery.14

In a recent series from the Mayo Clinic, 28% of surgically

treated patients with infective endocarditis had to undergo

reoperation after a mean of 4.1 years.12 In our patients this risk

was fairly low at 4% over the whole 7.5 years of follow up.

Bleeding episodes, cerebral dysfunction, congestive heart

failure, and event-free survival were similar in both groups,

while recurrence of infective endocarditis and the need for late

valve surgery were lower in patients undergoing early surgery.

Thus, our data do not support the rationale of refraining

from early surgery because of more frequent reinfections or

other complications in prosthetic valves.38 40

Study limitations
This analysis should be interpreted with regard to its

retrospective design, especially concerning the comparison

between patients with and those without early surgery. How-

ever, because of the nature of the disease, controlled studies

are not feasible.
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Our study population was heterogeneous, including in

terms of native and prosthetic valve diseases, as is typical in a

tertiary hospital setting. Nevertheless, analysis showed that

relevant subgroups were similar to those found in the overall

population. Furthermore, evaluation of a great variety of

baseline characteristics in patients with and without early

surgery showed differences only in factors that are indications

for early surgical intervention (table 1).

In addition, patients with possible and definite infective

endocarditis by the Duke criteria were included in our study.

Although a bias is possible, direct comparison of both groups

concerning relevant findings of our study showed no

significant difference between them.

However, our findings are applicable to different popula-

tions only with caution. Firstly, because of the relatively low

incidence of infective endocarditis, patients were included

over a relatively long period of time of 15 years, during which

medical and surgical methods improved considerably. This

problem cannot be overcome, since adequate numbers of

patients can hardly be collected by a single centre. Secondly,

not all similar studies were based on the relatively strict Duke

criteria for endocarditis.8 Thirdly, referral rates and access to

surgery may differ between institutions.

Conclusion
Our study documented that even after successful treatment of

an episode of infective endocarditis, long term mortality and

long term morbidity remain high. Factors predictive of long

term mortality are age > 55 years, congestive heart failure,

and the initial presence of few symptoms of endocarditis.

Moreover, early valve replacement has the potential to improve

long term survival in a wide range of patients with infective

endocarditis.

. . . . . . . . . . . . . . . . . . . . .
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