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Background. The impact of early valve surgery (EVS) on the outcome of Staphylococcus aureus (SA) prosthetic
valve infective endocarditis (PVIE) is unresolved. The objective of this study was to evaluate the association between
EVS, performed within the first 60 days of hospitalization, and outcome of SA PVIE within the International Col-
laboration on Endocarditis–Prospective Cohort Study.

Methods. Participants were enrolled between June 2000 and December 2006. Cox proportional hazards mod-
eling that included surgery as a time-dependent covariate and propensity adjustment for likelihood to receive cardiac
surgery was used to evaluate the impact of EVS and 1-year all-cause mortality on patients with definite left-sided
S. aureus PVIE and no history of injection drug use.

Results. EVS was performed in 74 of the 168 (44.3%) patients. One-year mortality was significantly higher
among patients with S. aureus PVIE than in patients with non–S. aureus PVIE (48.2% vs 32.9%; P = .003).
Staphylococcus aureus PVIE patients who underwent EVS had a significantly lower 1-year mortality rate (33.8%
vs 59.1%; P = .001). In multivariate, propensity-adjusted models, EVS was not associated with 1-year mortality
(risk ratio, 0.67 [95% confidence interval, .39–1.15]; P = .15).

Conclusions. In this prospective, multinational cohort of patients with S. aureus PVIE, EVS was not associated
with reduced 1-year mortality. The decision to pursue EVS should be individualized for each patient, based upon
infection-specific characteristics rather than solely upon the microbiology of the infection causing PVIE.
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Staphylococcus aureus (SA) prosthetic valve infective endocar-
ditis (PVIE) is associated with some of the highest mortality
rates observed in bacterial infections, ranging from 40% to
80% [1–10]. In a number of reports, in-hospital mortality
rates of SA PVIE were significantly higher in patients who
had not undergone valve surgery [4–6, 8, 9, 11–13]. These ob-
servations have prompted some authors to conclude that early
valve surgery (EVS) should be considered standard treatment
for any patient with SA PVIE, especially those with early-
onset (within 2 months of prosthetic valve insertion) infection
[9]. For instance, after a comprehensive review of the literature,
Attaran et al concluded recently that infection with S. aureus
should be considered an indication for surgery in prosthetic
valve endocarditis even without cardiac or valvular complica-
tions. They even suggested that these patients should undergo
surgery as soon as possible before cerebral complications devel-
op [14].

By contrast, the literature and the experience of the Interna-
tional Collaboration on Endocarditis (ICE) group indicate that
decisions about EVS in patients with SA PVIE should be made
on a careful, case-by-case basis [7, 15–17]. In this respect, a
study performed by Hill et al is quite instructive [17]. Patients
who received medical-only treatment were divided into 2 sub-
groups of patients: those with no indication for surgery and
those in whom surgery was contraindicated. The highest sur-
vival rate was observed in the subgroup with no surgical indica-
tion. These results implied that selected patients with SA PVIE
could actually be cured without valve surgery.

Although a randomized controlled trial could definitively es-
tablish the impact of valve surgery on the outcome of SA PVIE,
such a trial would be difficult or impossible to complete [18, 19].

In the current investigation, we reevaluated the relationship
between EVS and outcome of SA PVIE using appropriate ana-
lytical methods to examine data from the ICE Prospective Co-
hort Study (PCS).

METHODS

Study Population and Clinical Data
The ICE-PCS is a prospective, multicenter, international (64
sites from 28 countries) registry of patients with infective endo-
carditis (IE) [2]. Between January 2000 and December 2006,
data were prospectively recorded using standard definitions
during the index hospitalization and 1 year after through na-
tional death records, medicals records, and/or patient contact
as available. Informed consent (oral/written) was obtained
from all patients according to local institutional review boards
or ethic committee guidelines at all sites. We extracted the data
of patients with SA PVIE and a definite diagnosis of IE accord-
ing to the modified Duke criteria from the ICE-PCS database,
which contained 5668 cases by December 2006 (see sample

acquisition in Figure 1) [20]. Cases with the following charac-
teristics were excluded: native-valve IE, right-sided IE, intrave-
nous drug use, as well as cases with missing values for any of the
following variables: sex, receipt and/or date of surgery, length of
initial hospitalization, and survival status at 1-year follow-up.
To preserve the assumption of independence of observations,
only the first episode of IE recorded for an individual patient
was used. When essential data were missing in the database,
sites and their investigators were queried to complete data
collection.

Definitions
The definitions used in the ICE-PCS cohort have been reported
in detail previously [21]. EVS was defined as replacement of the
infected prosthetic valve within the first 60 days after admission
for PVIE. Chronic illness was defined as the presence of comor-
bidities such as diabetes mellitus, cancer, immunosuppression,
hemodialysis dependence, chronic obstructive pulmonary dis-
ease, and cirrhosis. Severity of heart failure was categorized ac-
cording to New York Heart Association (NYHA) functional
classification. Paravalvular complication was defined as trans-
thoracic or transesophageal echocardiographic evidence of intra-
cardiac abscess or fistula and prosthetic valve complication as
evidence of dehiscence or newmoderate-to-severe paravalvular re-
gurgitation by transthoracic or transesophageal echocardiography.

Systemic embolization included embolism to any major arte-
rial vessel, excluding stroke defined by acute neurological deficit
of vascular origin lasting >24 hours. Healthcare-associated en-
docarditis consisted of either nosocomial or nonnosocomial
healthcare-associated infection, using prior definitions [22, 23].

Analytical Methods
The primary endpoint was all-cause mortality 1 year after dis-
charge from the hospitalization for the treatment of IE. We used
1-year mortality as the primary endpoint because it has been
shown that a period of at least 6 months is necessary to offset
the early high postoperative mortality related to valve surgery
[24] and because information on 1-year follow-up was system-
atically recorded in the ICE-PCS database. We also looked at all-
cause in-hospital mortality as a secondary endpoint.

We first compared in a univariate analysis SA PVIE patients
with patients with PVIE due to any other pathogens. We then
compared outcomes of SA PVIE patients between those who
had undergone EVS and those who had not. Baseline character-
istics and outcomes of patients with SA PVIE who underwent
EVS were compared to those receiving medical therapy alone,
using both univariate and multivariate analyses. A nonparsimo-
nious multivariable logistic regression model was constructed to
search for independent predictors of EVS. Adjusted risk esti-
mates for EVS were presented as odds ratios and 95% confi-
dence intervals (CIs).
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In a next step, we identified factors associated with both in-
hospital and 1-year mortality using both univariate and multi-
variate analyses through an adjusted Cox proportional hazards
regression model, without entering the EVS variable into the
models.

Finally we assessed EVS as a prognostic factor by evaluating
the relationship between EVS and 1-year mortality through a
Cox model adjusted to prognostic factors and predictors of
EVS (propensity factors) identified in previous steps. Two
Cox proportional hazard models that included all relevant co-
variates (to control for treatment selection bias) as well as EVS
as a time-dependent variable (to control for survival bias) were
constructed. In the second model, EVS was time-partitioned
into 2 time-dependent covariates (because the proportional
hazard assumption is not satisfied, related to a higher postoper-
ative mortality in the surgery group than in the nonsurgery
group that reversed after 7 days): the first indicated whether
the patient had undergone EVS within the prior 7 days,
which reflects the short-term effect of EVS; the second indicated
whether the patient had had EVS >7 days before, which reflects
the long-term effect of EVS. Thus, adjustment for short-term
surgical effect can reveal long-term surgical effect. Results of

prognosis analyses were expressed as risk ratios with 95% CIs;
a 2-sided P value < .05 was considered significant. All analyses
were performed using SAS software version 9.2 (SAS Institute,
Cary, North Carolina).

RESULTS

After exclusion of cases in intravenous drug users, cases of
right-sided and native valve IE, and cases with missing data, a
total of 747 patients with left-sided definite prosthetic valve IE,
among whom 168 cases were due to S. aureus and 579 cases
were due to other pathogens, were selected from the 5668
cases of IE in the ICE-PCS database (Figure 1). Susceptibility
to methicillin was characterized in 149 patients (missing infor-
mation for 19 patients); 48 strains were resistant to methicillin
(32.2%). Patients with SA PVIE had a shorter time from onset
to admission, were more often on hemodialysis, had more fre-
quently healthcare-associated IE, and presented with or devel-
oped more often a stroke than patients with non-SA PVIE.
Echocardiography evidenced more frequently a prosthetic
valve dehiscence in SA PVIE than in non-SA PVIE. EVS was
performed less frequently in patients with SA PVIE, although

Figure 1. Sample acquisition. Abbreviations: ICE-PCS, International Collaboration on Endocarditis–Prospective Cohort Study; IDUs, intravenous drug
users; IE, infective endocarditis.
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the difference was not statistically significant (44.3% vs 51.5;
P = .1). One-year mortality was significantly higher in patients
with SA PVIE compared with patients with non-SA PVIE
(48.2% vs 32.9%; P = .003).

Patients with SA PVIE who received EVS were younger, more
often had paravalvular complications, prosthetic dehiscence, or
an intracardiac abscess and had a significantly lower 1-year
mortality rate (33.8% vs 59.1%; P = .001) than patients with
SA PVIE who did not receive EVS (Table 1).

Table 2 shows the results of the propensity analysis of the fac-
tors associated with EVS. The existence of paravalvular compli-
cations was significantly associated with EVS both in univariate
analysis and in the multivariate model (odds ratio, 4.1 [95% CI,
1.9–8.6]). We therefore decided to use “paravalvular complica-
tions” as an adjustment variable in the multivariate prognosis
model discussed below.

Multivariate prognosis analysis in SA PVIE patients (without
considering EVS as a potential prognostic factor) identified the
following 3 variables to be associated with 1-year mortality: age,
stroke, and congestive heart failure, defined by NYHA class III
or IV, with the following adjusted hazard ratios [HRs]: age (per
1-year increment: HR, 1.03 [95% CI, 1.01–1.05]; P = .002);
stroke (time-dependent: HR, 2.56 [95% CI, 1.62–4.05];
P < .0001); and congestive heart failure (HR, 2.06 [95% CI,
1.29–3.30]; P = .002).

Table 3 shows results of the intermediate model that indicated
no impact of EVS on in-hospital mortality. The results of the
final adjusted models are displayed in Tables 4 and 5. They
show that, overall, EVS was not significantly associated with
1-year mortality. However, the time-partitioned coding revealed
an interaction between HR of death and time: within 7 days fol-
lowing intervention, mortality was higher in the surgery group

Table 1. Compared Characteristics of Staphylococcus aureus Prosthetic Valve Infective Endocarditis Patients by Performance of Early
Valve Surgery

Characteristic

No EVS (n = 93 [55.7%]) EVS (n = 74 [44.3%])

P ValueNo. % SD No. % SD

Male sex 56 60.2 42 56.8 .65

Age, y, mean (SD) 93 64.0 14.9 74 59.2 14.8 .0434
Duration of symptoms >1 mo prior to presentation 5 5.4 12 16.7 .04

Associated conditions and comorbidities

Hemodialysis dependence 12 13.5 3 4.1 .04
Diabetes mellitus 22 24.7 9 12.7 .06

Cancer 5 5.6 7 9.9 .30

Charlson index, mean (SD) 46 1.8 1.6 33 2.0 2.1 .58
Place of acquisition .18

Community 40 43.0 33 44.6

Healthcare: hospital 39 41.9 33 44.6
Healthcare: nonhospital 11 11.8 3 4.1

Unknown 2 2.2 5 6.8

Prior history of IE 18 19.6 14 19.2 .95
Intracardiac device 18 19.4 9 12.3 .22

Echocardiographic findings

Evidence of new regurgitation 37 40.2 36 48.6 .28
Paravalvular complications 18 19.6 36 48.6 <.0001

Prosthetic valve dehiscence 3 3.3 12 16.4 .004

Complications
CHF (NYHA class III or IV) 26 28.0 17 23.0 .46

Stroke 30 33.0 27 37.0 .59

Embolic event 12 13.3 14 19.4 .29
Intracardiac abscess 15 16.7 29 40.3 .0008

Outcome

Days to death, mean (SD) 55 46.0 81.5 25 229.6 560.9 .02
In-hospital death 45 48.4 18 24.3 .001

1-year mortality 55 59.1 25 33.8 .001

Abbreviations: CHF, congestive heart failure; EVS, early valve surgery; IE, infective endocarditis; NYHA, New York Heart Association; SD, standard deviation.
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than in the nonsurgery group (nonsignificant statistical associ-
ation); but thereafter, mortality was significantly lower in the
surgery group than in the nonsurgery group (risk ratio, 0.53
[95% CI, .30–.97]; P = .04).

DISCUSSION

Although guidelines may help clinicians decide whether and
when patients with IE should undergo surgery, such decisions

can be extremely difficult in individual and unique patients, and
particularly in patients with PVIE [25–28]. Patients with SA
PVIE who undergo EVS are younger, have more severe cardiac
complications, and appear to have significantly lower in-
hospital and 1-year mortality rates than patients with SA
PVIE who do not undergo EVS. However, EVS was not an
independent predictor of better outcome, whether considering
in-hospital or 1-year mortality, if appropriately designed prog-
nostic models are utilized to examine outcomes.

Table 3. Prognostic Multivariate Model Adjusted on Age, Sex,
Stroke, Heart Failure, Paravalvular Complications, and Early
Valve Surgery—Endpoint: In-Hospital Mortality

Variable RR 95% CI P Value

Age (per 1-year increment) 1.03 1.01–1.05 .0075

Female sex 1.17 .68–2.01 .58
Stroke (time-dependent) 2.94 1.68–5.14 <.0002

Cardiac failure (NYHA class III or IV) 2.00 1.13–3.50 .0163

Early valve surgery (time-dependent) 0.82 .41–1.62 .5645

Model is based on 166 patients, after exclusion of 2 cases due to missing data.

Abbreviations: CI, confidence interval; NYHA, New York Heart Association; RR,
risk ratio.

Table 4. Prognostic Multivariate Model Adjusted on Age, Sex,
Stroke, Heart Failure, Paravalvular Complications, and Early
Valve Surgery—Endpoint: 1-Year Mortality

Variable RR 95% CI P Value

Age (per 1-year increment) 1.03 1.01–1.05 .002
Female sex 1.43 .91–2.40 .12

Stroke (time-dependent) 2.54 1.58–4.09 <.0001

Cardiac failure (NYHA class III or IV) 2.02 1.25–3.26 .004
Paravalvular complications 1.20 .74–1.96 .46

Early valve surgery (time-dependent) 0.67 .39–1.15 .15

Model is based on 150 patients, after exclusion of 18 cases due tomissing data.

Abbreviations: CI, confidence interval; NYHA, New York Heart Association; RR,
risk ratio.

Table 2. Factors Associated With the Performance of Early Valve Surgery in Staphylococcus aureus Prosthetic Valve Infective
Endocarditis Patients (Propensity Analysis)

Characteristic

SA PVIE
(n = 167)

EVS
(n = 74)

Univariate
Analysis

Multivariate
Analysis

No. No. % OR 95% CI P Value OR 95% CI

Male sex 98 42 42.9 1 .65

Female sex 69 32 46.4 1.2 .6–2.1
Age ≤ 65 y 84 42 50.0 1 .14

Age >65 y 83 32 38.6 0.6 .3–1.2

Duration of symptoms >1 mo prior to presentation 17 12 70.6 3.3 1.1–9.8 .04
Chronic hemodialysis 15 3 20.0 0.3 .1–1.0 .03

Diabetes mellitus 31 9 29.0 0.4 .2–1.0 .05

Cancer 12 7 58.3 1.9 .6–6.1 .30
Charlson index, per 1 unit 79 33 41.8 1.1 .8–1.4 .58

Nosocomial IE 72 33 45.8 1.2 .7–2.3 .53

Prior history of IE 32 14 43.8 1.0 .4–2.1 .95
Intracardiac device 27 9 33.3 0.6 .2–1.4 .22

Evidence of new regurgitation 73 36 49.3 1.4 .8–2.6 .28

Paravalvular complications 54 36 66.7 3.9 2.0–7.7 <.0001 4.1 1.9–8.6
Prosthetic valve dehiscence 15 12 80.0 5.8 1.6–21.3 .003

CHF (NYHA class III or IV) 43 17 39.5 0.8 .4–1.6 .46

Stroke 57 27 47.4 1.2 .6–2.3 .59
Embolic event 26 14 53.8 1.6 .7–3.6 .29

Intracardiac abscess 44 29 65.9 3.4 1.6–7.0 .0008

Abbreviations: CHF, congestive heart failure; CI, confidence interval; EVS, early valve surgery; IE, infective endocarditis; NYHA, New York Heart Association; OR,
odds ratio; PVIE, prosthetic valve infective endocarditis; SA, Staphylococcus aureus.
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Our findings and conclusions are similar to those by Lalani et al
who addressed the same questions in all patients with prosthetic
valve IE within the same ICE registry [29]. A specific finding of
our analysis is that patients with SA PVIE who underwent EVS
and survived the first 7 postoperative days had a better survival
rate at 1 year. In our study, the long-term protection of ESV did
not compensate for the early postoperative excess mortality. It
must indeed require longer follow-up to offset the effect of post-
operative mortality and to show an overall protective effect [24].

Our findings contradict conventional assumptions and sug-
gest that EVS may not always improve outcome in patients with
SA PVIE [14]. EVS is certainly beneficial to a selected group of
SA PVIE patients, as those with clear indications for surgery [6].
But we currently do not have a way to specifically identify indi-
vidual patients who would actually benefit from EVS, nor do we
know the optimal timing of EVS. Our data as well as others’
provide no evidence to support the routine performance of
EVS in patients with PVIE, including SA PVIE. We can only
confirm that, as in previous studies when there is a clear indi-
cation for valve surgery (cardiac failure, valve destruction, pros-
thesis dehiscence), patients’ outcome is better when surgery is
performed [17, 28, 29].

The major strength of this observational study is that every ef-
fort was made to minimize the impact of potential biases, espe-
cially treatment selection and survivor biases. Indeed, it has been
shown that a proper analysis of the relationship between EVS and
outcome in IE should fulfill at least the following criteria: using
Cox models adjusted on both potentially prognostic variables
and predictors of EVS (propensity factors), choosing long-term
(1 year or more) mortality as the primary endpoint, and mini-
mizing survivor selection bias by coding surgery as a time-

dependent variable [24]. The latter point is critical as the likeli-
hood of receiving EVS may be influenced by longer survival; that
is, patients who die early during hospitalization may be consid-
ered as dying with medical therapy with indications for surgery.

Our study has several limitations. The study sample size might
be too small to evidence a positive impact of EVS on mortality in
IE even though the ICE-PCS database is the largest registry ever
built in this field. Also ICE-PCS data have been collected between
2000 and 2006 and may reflect practices—especially surgical—
that have changed in the recent years. Despite the efforts we
made to minimize biases, we may have been unable to identify
the confounding effect of some variables. In addition, we cannot
exclude that referral bias may have played a role as most institu-
tions participating in the ICE cohort are tertiary-care centers.
More importantly, neither our study nor any other prior obser-
vational study has addressed the myriad of factors that affect sur-
gical decision making in IE (and notably we could not analyze
the well-validated indications of surgery), the impact of the ex-
pertise of the IE dedicated team, or the impact of surgeon skill
on patient outcome. Likewise, we could not make an analysis
of the attributable causes of death in each individual case. Al-
though it would be useful to separate deaths due to complications
of surgery vs endocarditis in patients who underwent EVS and to
clearly identify the cause of death in nonoperated patients, this
information was not available in the ICE database.

Although mortality associated with SA PVIE is among the
highest observed in patients with IE, and although mortality
rates are lower in patients who undergo EVS than in those
who do not, our study showed that EVS is not an independent
predictor of reduced mortality in patients with SA PVIE. Con-
sequently, we believe that decisions about EVS in patients with
SA PVIE should be individualized for each patient and be based
on a careful clinical multidisciplinary evaluation, exactly as in
any other patient with IE. Further research to define the effect
and optimize the timing of surgery in patients with SA PVIE
and more generally, PVIE, should in the future rely on well-
designed multicenter interventional trials.
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2.05 1.27–3.32 .003
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APPENDIX

ICE investigators: Argentina: Liliana Clara, MD, Marisa San-
chez, MD (Hospital Italiano). Francisco Nacinovich, MD,
Pablo Fernandez Oses, MD, Ricardo Ronderos, MD, Adriana
Sucari, MD, Jorge Thierer, MD (Instituto Cardiovascular).
José Casabé, MD, PhD, Claudia Cortes, MD (Hospital Univer-
sitario de la Fundaciòn Favaloro), Javier Altclas, MD, Silvia
Kogan, MD (Sanatorio de la Trinidad Mitre). Australia: Denis
Spelman, MD (Alfred Hospital). Eugene Athan, MD, Owen
Harris, MBBS, (Barwon Health). Karina Kennedy, MBBS, Ren
Tan, MBBS (Canberra Hospital). David Gordon, MBBS, PhD,
Lito Papanicolas, MBBS (Flinders Medical Centre). Damon
Eisen, MBBS, MD, Leeanne Grigg, MBBS, Alan Street, MBBS
(Royal Melbourne Hospital). Tony Korman, MD, Despina Kot-
sanas, BSc (Hons) (Southern Health). Robyn Dever, MD, Phil-
lip Jones, MD, Pam Konecny, MD, Richard Lawrence, MD,
David Rees, MD, Suzanne Ryan, MHSc (St George Hospital).
Michael P. Feneley, MD, John Harkness, MD, Phillip Jones,
MD, Suzanne Ryan, MHSc (St Vincent’s). Austria: Phillip
Jones, MD, Suzanne Ryan, MHSc (Sutherland). Phillip Jones,
MD, Jeffrey Post, MD, Porl Reinbott, Suzanne Ryan, MHSc
(University of New South Wales). Rainer Gattringer, MD,
Franz Wiesbauer, MD (Vienna General Hospital). Brazil: Adri-
ana Ribas Andrade, Ana Cláudia Passos de Brito, Armenio
Costa Guimarães, MD (Ana Neri Hospital). Max Grinberg,
MD, PhD, Alfredo José Mansur, MD, PhD, Rinaldo Focaccia
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