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Infective endocarditis (IE) continues to have a high inhospital mortality rate despite improvement in diagnosis
and treatment. Surgery is an important, potentially lifesaving treatment, but clinical decision-making may be
challenged by dilemmas such as (I) whether surgery will
reduce mortality and morbidity of IE, with competing host
factors as risks, and (II) the appropriate timing of surgical
intervention, if indicated.
In general, the indications for surgery are IE complications
that are not likely to be successfully treated or have a much
higher risk of mortality if treated with antibiotic therapy
alone. However, the predominance of studies that support
surgical intervention in IE have been single center studies
with retrospectively collected data and societal guidelines
for IE management are overwhelmingly based on such
observational studies (1,2). Over the last 20 years, the
International Collaboration on Endocarditis (ICE) has
worked to improve the understanding and treatment of IE
with the use of prospectively collected, multicenter data
with standardized definitions.
In 1999, the ICE was launched as a merger of seven
retrospective databases of IE from established IE centers
in the United States, Great Britain, France, Spain and
Sweden. The objective of the merged database was to
evaluate regional differences in IE epidemiology. From
this retrospective, merged database, 367 cases of definite
prosthetic valve endocarditis (PVE) were identified,
including 42% who had surgical intervention during their
index hospitalization (3). The percentage of PVE patients
treated with surgery was lower than expected, because PVE
had been considered a strong indication for surgery with
very high risk of treatment failure using antibiotic therapy
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alone. Using multivariable modeling, this study identified
PVE characteristics associated with surgical treatment as
well as those characteristics associated with in-hospital
mortality. Patients who underwent surgery were matched
with patients treated with antibiotic therapy only based on
the propensity score for surgical intervention and there
was no difference in in-hospital mortality among patients
treated with surgery (3).
Our investigators were surprised by these results,
because infection of a prosthetic valve had been considered
a strong indication for surgery due to the high rate of
complications and concerns about IE relapse if treated
with antibiotics alone. Although notable differences existed
in the clinical characteristics of IE patients who undergo
surgery compared with those treated with antibiotics only,
particularly, more IE complications such as heart failure
and abscess, there was no statistically significant benefit for
the sub-group treated with surgery (3).
In 2002, the ICE Prospective Cohort Study (ICE-PCS)
was launched to expand the sample size and centers (23
centers in 15 countries) and to standardize data collection
using modified Duke criteria for diagnosis and definitions
for IE variables. This registry included 5,676 patients from
64 centers in 28 countries who were hospitalized between
June 2000 and December 2006 for definite IE and who had
vital status follow-up information available at 1 year after
discharge; nearly half of patients had surgery performed
during the index IE hospitalization. To adjust for the
differences in surgically vs. medically treated cases of IE,
propensity analysis by inverse probability of treatment
weighting was again used to compare patients with a similar
propensity for surgery based on clinical, microbiologic
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and echocardiographic characteristics in addition to IE
complications. In a study of native valve IE with both
propensity adjustment and also instrumental variable
analysis, we found that surgery was associated with lower
in-hospital mortality for the overall cohort (absolute risk
reduction: −5.9% to −11.2%), with the strongest association
in the patients with the most surgical indications (4). When
surgery for prosthetic valve IE was evaluated in this registry
for the outcome of 1-year mortality, similar results were
found (5).
Because certain complications in IE have generally
been considered strong indications or contraindications to
early surgical treatment during the index hospitalization,
other studies from the ICE-PCS sought to evaluate the
association between surgery and mortality for many of these
complications. Our studies have confirmed that surgery was
strongly associated with lower risk of in-hospital and 1-year
mortality among these high-risk sub-groups with heart
failure or cardiac implanted electronic device infections
(6,7). On the other hand, surgery within 7 days of ischemic
stroke was not associated with higher 1-year mortality
compared with surgery after 7 days (8).
Although propensity adjustment for surgical treatment
may attempt to control for selection bias, a remaining
limitation in the ICE-PCS was absence of data related
to operative risk. Operative risk models have been wellvalidated for many other cardiac conditions treated with
surgery such as coronary artery disease and heart valve
conditions; but these risk models had not been used in other
studies of early surgery in IE. In order to prospectively
evaluate the outcome of early surgery in IE, the ICE Plus
registry collected prospective data on IE patients from 34
centers in 18 countries who were hospitalized between
September 1, 2008, and December 31, 2012.
A total of 1,296 patients with left-sided IE were included.
Surgical treatment was performed in 57% of the overall
cohort at a median of 7 days from admission and in 76% of
patients with a surgical indication (9). Among patients with
a surgical indication who did not undergo surgery, reasons
included poor prognosis, hemodynamic instability, death
before surgery, stroke and sepsis. Although Staphylococcus
aureus was the most common cause of IE, this causative
organism was independently associated with a lower
likelihood of surgery because of concomitant sepsis. We
focused on 6-month mortality as the outcome measure,
because of the recognized risk of surgery and long duration
of medical therapy in patients with IE. Operative risk, as
assessed by the Society of Thoracic Surgeon’s IE (STS-
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IE) score (10), was not associated with lack of surgery, but
was strongly associated with 6-month mortality (9). In a
recent separate study evaluating timing of surgery, there
was no positive association between surgery within 7 days of
admission or transfer and 6-month mortality (11).
Based on these many studies from three ICE registries,
several important insights are evident. The benefit of
surgery during the index hospitalization for IE is more
robustly supported for cases with left-sided native or
prosthetic IE complicated by heart failure, severe valvular
regurgitation, abscess or large vegetation. However, the
relationship between timing of surgery and outcome may be
variable based on the specific surgical indication. Although S.
aureus is the most common cause of IE and often associated
with such IE complications, surgery is less often performed
in these patients, likely related to adverse host factors such
as hemodialysis. Although these observational studies
with prospectively collected data have provided these
conclusions, more randomized studies in intermediate risk
IE patients are needed to evaluate the timing and outcome
of surgery, including survival and other meaningful
endpoints, particularly in patients with S. aureus infection.
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