EDITORIALS

stead may be guided by molecular mechanisms
related to the histologic features or oncogenic
signaling pathways of the tumor or factors in-
duced within the tumor microenvironment. Un-
derstanding the tumor selectivity of PD-1 or PD-L1
antagonistic antibodies provides a great opportu-
nity for selection of patients on the basis of tumor
markers. Key to this understanding is the study
of the expression of the PD-1 ligands PD-L1 and
PD-L2 in the tumor microenvironment. Prelim-
inary evidence suggests that the expression of
PD-L1 may indeed select for patients with an
improved response to PD-1 axis inhibitors.

The next frontier in the treatment of cancer
requires meeting the goal of inducing a high
frequency of long-lasting tumor response on the
basis of selectable markers in order to personal-
ize therapies. Inhibition of PD-1 may meet these
expectations in selected cancers. The immune
system remembers what it targets, so once the
system is correctly activated, it may mediate a
durable tumor response, as demonstrated previ-
ously in clinical trials of high-dose interleukin-2
and anti-CTLA-4 antibodies. The durability of the
tumor response to anti-PD-1 and anti-PD-L1 anti-
bodies in a great majority of patients who had
objective tumor regressions in the studies by To-
palian et al. and Brahmer et al. predicts that these
antibodies unleash a memory immune response
to cancer. The use of PD-1 blockade — with its
reduced rate of toxic effects and potential ability
to further select patients who have an increased

likelihood of tumor response — may well have a
major effect on cancer treatment.
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Native-Valve Infective Endocarditis — When Does It
Require Surgery?
Steven M. Gordon, M.D., and Gésta B. Pettersson, M.D., Ph.D.

Guidelines, not backed by evidence from random-
ized trials, strongly recommend urgent surgery
for patients with infective endocarditis and con-
gestive heart failure due to valvular regurgita-
tion.»? Management algorithms for infective en-
docarditis have been developed, and a recent
study showed that surgery is still required in
50% of patients who receive antibiotics.? Experi-
ence shows that surgery in patients with active
infective endocarditis is associated with low
mortality.*

Debate continues, however, about the timing
of surgery to prevent embolic events when there
are large or mobile vegetations or vegetations in
particular locations and when patients have se-
vere valve dysfunction but do not have heart fail-
ure. Postponing surgery on the presumption
that operating on a patient with active infection
is too risky and technically demanding exposes
the patient to the risk of further destruction of
cardiac tissue as well as to the potential devel-
opment of heart failure, atrioventricular block,
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and embolic events, and it increases the possi-
bility that the patient may subsequently be ineli-
gible for surgery because of complications of
the disease or its treatment. In this issue of the
Journal, Kang and colleagues® address the timing
dilemma in precisely this group of patients —
those with large vegetations and valve dysfunc-
tion but without urgent indications for surgery
— in a report on a randomized, controlled trial.
In this study, 76 patients with left-sided, native-
valve infective endocarditis (defined according to
the modified Duke criteria), vegetations with a
diameter greater than 10 mm, and severe valve
dysfunction were randomly assigned to surgery
within 48 hours after enrollment (early surgery)
or to antibiotic therapy (conventional treatment).
The primary end point was a composite of em-
bolic events or death within 6 weeks after ran-
domization; secondary end points, at 6 months
of follow-up, were embolic events, recurrent en-
docarditis, repeat hospitalization due to the de-
velopment of congestive heart failure, or death
from any cause. Early surgery prevented any ad-
ditional embolic events without increased mor-
tality, whereas 8 patients in the conventional-
treatment group had additional embolic events,
including stroke in 5 patients that left residual
deficits. Even more striking was the observation
that 30 of 39 patients in the conventional-treat-
ment group (77%) underwent surgery for infec-
tive endocarditis, including 27 (69%) during the
initial hospitalization. Eleven patients were dis-
charged without having undergone surgery; 6 of
these patients (55%) had symptoms caused by
the regurgitant valves: 2 underwent subsequent
surgery with good outcomes and 4 declined sur-
gery or were no longer surgical candidates.
Among the 5 patients (45%) who did not have
symptoms, 3 remained asymptomatic, 1 died
suddenly within 1 month after completing the
course of antibiotics, and 1 had recurrent infec-
tive endocarditis and required urgent surgery.
This study had several limitations. It was es-
sentially a single-center study with a relatively
small number of patients, and enrollment oc-
curred over a 4.5-year period. The interval from
randomization to surgery is reported but not
the interval from the diagnosis of infective en-
docarditis to surgery or from the onset of symp-
toms to surgery. Although the echocardiograph-
ic and surgical findings are convincing, no data

are provided on pathological confirmation of
valve infection. Finally, viridans streptococci were
the predominant pathogens in this study, and
findings may not be generalizable to other or-
ganisms.

The work of Kang and colleagues provides
data to help define the gray zone in which ran-
domized studies to establish indications for sur-
gery are reasonable. In this context, the implica-
tion of this study for early surgery is profound
and raises the bar for the treatment of patients
who do not have urgent indications but do have
valve dysfunction and vegetations. This study
underscores the points that infective endocardi-
tis is a dangerous condition and that the bene-
fits of timely surgical intervention in patients
with large vegetations and severe valvular dys-
function, even if they do not have congestive
heart failure, outweigh the additional risk of
surgery in patients with active infection. In this
study, only nine patients did not undergo sur-
gery: one died in the hospital 5 days after ran-
domization, four patients with symptoms de-
clined surgery, one asymptomatic patient died
suddenly, and three remained asymptomatic but
still had severe valve dysfunction (one with severe
aortic-valve regurgitation and two with severe
mitral-valve regurgitation) and are likely to re-
quire surgery in the future. Severe valve dysfunc-
tion without infective endocarditis is a class II
indication in the case of aortic valve disease and
a class I or II indication in the case of mitral
valve disease, depending on left ventricular di-
mensions and function, rhythm, and the pros-
pect of repair according to present guidelines.®
In the study by Kang and colleagues, no cases of
recurrent infective endocarditis were observed
in the patients who underwent surgery. Surgical
success during active infective endocarditis re-
quires adequate débridement and organism sen-
sitivity to prescribed antibiotics. Because it is
difficult to identify patients who might benefit
from early surgery, we would argue that early
referral to medical centers with the necessary
cardiac surgical experience and resources is war-
ranted for all patients with left-sided, native-valve
infective endocarditis who have important valve
dysfunction, large vegetations, or invasive dis-
ease beyond the cusps or leaflets — not just for
those patients with urgent indications. The
study by Kang and colleagues provides the stim-
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ulus for designing randomized trials that will
further refine the indications for and timing of
surgery.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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ABSTRACT

BACKGROUND
The timing and indications for surgical intervention to prevent systemic embolism in
infective endocarditis remain controversial. We conducted a trial to compare clinical
outcomes of early surgery and conventional treatment in patients with infective
endocarditis.

METHODS
We randomly assigned patients with left-sided infective endocarditis, severe valve
disease, and large vegetations to early surgery (37 patients) or conventional treatment
(39). The primary end point was a composite of in-hospital death and embolic
events that occurred within 6 weeks after randomization.

RESULTS

All the patients assigned to the early-surgery group underwent valve surgery within
48 hours after randomization, whereas 30 patients (77%) in the conventional-treat-
ment group underwent surgery during the initial hospitalization (27 patients) or
during follow-up (3). The primary end point occurred in 1 patient (3%) in the early-
surgery group as compared with 9 (23%) in the conventional-treatment group (haz-
ard ratio, 0.10; 95% confidence interval [CI], 0.01 to 0.82; P=0.03). There was no
significant difference in all-cause mortality at 6 months in the early-surgery and
conventional-treatment groups (3% and 5%, respectively; hazard ratio, 0.51; 95% CI,
0.05 to 5.66; P=0.59). The rate of the composite end point of death from any cause,
embolic events, or recurrence of infective endocarditis at 6 months was 3% in the
early-surgery group and 28% in the conventional-treatment group (hazard ratio,
0.08; 95% CI, 0.01 to 0.65; P=0.02).

CONCLUSIONS
As compared with conventional treatment, early surgery in patients with infective
endocarditis and large vegetations significantly reduced the composite end point of
death from any cause and embolic events by effectively decreasing the risk of sys-
temic embolism. (EASE ClinicalTrials.gov number, NCT00750373.)
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EARLY SURGERY IN INFECTIVE ENDOCARDITIS

ESPITE ADVANCES IN MEDICAL AND
surgical treatment, infective endocarditis
remains a serious disease that carries a
considerable risk of death and morbidity.»:? The
role of surgery in the treatment of infective endo-
carditis has been expanding, and current guide-
lines advocate surgical management for compli-
cated left-sided infective endocarditis.>® Early
surgery is strongly indicated for patients with in-
fective endocarditis and congestive heart fail-
ure,b* but the indications for surgical interven-
tion to prevent systemic embolism remain to be
defined.> Early identification of patients with
large vegetations and a high risk of embolism,°
increased experience with complete excision of
infected tissue and valve repair, and low opera-
tive mortality have been cited as favoring early
surgery,*? but there has been concern that such
surgery may be more difficult to perform in the
presence of active infection and inflammation.?
The two sets of consensus guidelines for the
performance of early surgery on the basis of veg-
etation are different, reflecting controversy. The
2006 American College of Cardiology—American
Heart Association (ACC-AHA) guidelines® recom-
mend early surgery as a class Ila indication only
in patients with recurrent emboli and persistent
vegetation, whereas the revised 2009 European
Society of Cardiology guidelines® recommend early
surgery as a class IIb indication in patients with
isolated, very large vegetations (>15 mm in diam-
eter). Because of ethical, logistical, and financial
constraints, no randomized trial has been con-
ducted to clarify the indications for surgery and
the timing of it that would associated with favor-
able outcomes.* The Early Surgery versus Conven-
tional Treatment in Infective Endocarditis (EASE)
trial was designed to compare the clinical out-
comes of early surgery with those of a conven-
tional-treatment strategy that is based on current
guidelines for patients with left-sided infective
endocarditis and a high risk of embolism. The
major hypothesis of this trial was that early sur-
gery would decrease the rate of death or embolic
events, as compared with conventional treatment.

METHODS

STUDY DESIGN

We conducted this prospective, randomized trial
involving patients with infective endocarditis who
were candidates for both early surgery and con-

ventional treatment at two medical centers in
Korea. The study protocol (available with the full
text of this article at NEJM.org) was approved by
the institutional review board at each participat-
ing center. We designed the protocol and conduct-
ed the trial in accordance with the principles of
the Declaration of Helsinki. The authors vouch
for the fidelity of this report to the protocol and
for the accuracy and completeness of the data
and the analyses.

PATIENT SELECTION
We enrolled consecutive patients, 18 years of age
or older, with left-sided, native-valve infective en-
docarditis and a high risk of embolism. For all pa-
tients with suspected infective endocarditis, blood
cultures were obtained and transthoracic echocar-
diography was performed within 24 hours after
hospitalization. Patients were eligible for enroll-
ment if they had received a diagnosis of definite
infective endocarditis according to the modified
Duke criteria® and had severe mitral valve or aor-
tic valve disease and vegetation with a diameter
greater than 10 mm. To minimize the number of
unnecessary surgeries and the risk of prosthesis-
related morbidity, we only enrolled patients with
infective endocarditis accompanied by severe valve
disease. All patients provided written informed
consent.

In accordance with the 2006 ACC-AHA guide-
lines on surgical indications for infective endo-
carditis,® patients were excluded if they had
moderate-to-severe congestive heart failure, in-
fective endocarditis complicated by heart block,
annular or aortic abscess, destructive penetrating
lesions requiring urgent surgery, or fungal endo-
carditis. Other exclusion criteria were an age of
more than 80 years, coexisting major embolic
stroke with a risk of hemorrhagic transforma-
tion at the time of diagnosis, and a serious co-
existing condition (e.g., cancer) (Fig. 1). Patients
were also excluded if they had infective endocar-
ditis involving a prosthetic valve, right-sided veg-
etations, or small vegetations (diameter, <10 mm)
or had been referred from another hospital more
than 7 days after the diagnosis of infective en-
docarditis.

STUDY PROCEDURES
Evaluation at baseline included the collection of
data on demographic characteristics, predispos-
ing heart disease, manifestations of infective en-
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134 Patients received a diagnosis
of endocarditis

44 Were excluded
26 Underwent urgent surgery
18 Did not have severe
valve disease or vegetation
>10 mm and underwent
medical treatment

90 Were assessed for eligibility

14 Were excluded
5 Had major stroke
5 Were in poor medical
condition
4 Declined to participate

76 Underwent randomization

37 Were assigned to early-surgery group

39 Were assigned to conventional-
treatment group

3 Died

37 Underwent early surgery

39 Underwent conventional treatment
3 Died

37 Were included in the analysis

39 Were included in the analysis

Figure 1. Study Enrollment.

Of the 134 patients who received a definite diagnosis of infective endocar-
ditis, 26 required urgent surgery and 18 did not have large vegetations or
severe valve disease; 90 patients were assessed for eligibility, 14 of whom
were excluded. Of the 76 patients who underwent randomization, 37 were
assigned to the early-surgery group and 39 to the conventional-treatment
group; all these patients were included in the intention-to-treat analysis.

2468

docarditis, results of blood cultures, use of antibi-
otic therapy, results of echocardiography, results
of radiologic imaging studies, and operative risk.
At baseline, all patients underwent transesopha-
geal echocardiography and computed tomography
of the brain and abdomen with the administra-
tion of a contrast agent in order to detect any si-
lent embolism. Patients were randomly assigned
in a 1:1 ratio to the early-surgery group or the
conventional-treatment group with the use of a
Web-based interactive response system. The treat-
ment assignments were computer-generated and

N ENGL ) MED 366;26

stratified according to the involved valve and par-
ticipating center by means of a permuted-block
sequence with variable block size. The protocol
specified that patients who were assigned to the
early-surgery group should undergo surgery with-
in 48 hours after randomization. Patients as-
signed to the conventional-treatment group were
treated according to the AHA guidelines,? and
surgery was performed only if complications re-
quiring urgent surgery developed during medical
treatment or if symptoms persisted after the com-
pletion of antibiotic therapy. Details of the study
procedures are provided in the Supplementary
Appendix, available at NEJM.org.

All patients were followed during hospitaliza-
tion; at 4 weeks, 6 weeks, 3 months, 6 months,
and 1 year; and at 6-month intervals thereafter
until September 2011.

STUDY END POINTS
The primary end point was a composite of in-
hospital death or clinical embolic events that oc-
curred within 6 weeks after randomization. An
embolic event was defined as a systemic embolism
fulfilling both prespecified criteria: the acute on-
set of clinical symptoms or signs of embolism
and the occurrence of new lesions, as confirmed
by follow-up imaging studies. Cutaneous mani-
festations or metastatic abscesses were not con-
sidered to be embolic events. A specific diagnosis
of cerebral embolism was confirmed by an expe-
rienced neurologist on the basis of additional
magnetic resonance imaging of the brain. We did
not perform follow-up imaging studies system-
atically to detect subclinical embolic events. Pre-
specified secondary end points, at 6 months of
follow-up, included death from any cause, em-
bolic events, recurrence of infective endocarditis,
and repeat hospitalization due to the development
of congestive heart failure.

STATISTICAL ANALYSIS
We estimated that a sample of 74 patients would
provide 80% power to detect a significant differ-
ence with respect to the primary end point at a
two-sided significance level of 0.05, assuming
that the in-hospital event rate would be 23% in
the conventional-treatment group and 3% in the
early-surgery group. These rates were based on
outcome data in the early prospective trial'* and
our previous study.'?

Analyses were performed on an intention-to-
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treat basis. Differences between the treatment
groups were evaluated with the use of the Mann-
Whitney U test for continuous variables and
Fisher’s exact test for categorical variables. Be-
cause randomization was stratified according to
involved valve, we performed stratified Cox pro-
portional-hazards regression analyses for the out-
comes. A likelihood ratio test for homogeneity was
performed, indicating that the assumption of
homogeneity was not violated (P=0.99 for both
outcomes). Estimates of cumulative event rates
were calculated by means of the Kaplan—Meier
method and were compared with the use of the
log-rank test. For the Kaplan—Meier analysis, we
analyzed all clinical events according to the time
to the first event. Hazard ratios with 95% confi-
dence intervals were derived with the use of the
stratified Cox proportional-hazards model. All re-
ported P values are two-sided; a P value of 0.05
was considered to indicate statistical significance.
SAS software, version 9.1 (SAS Institute), was used
for statistical analyses.

RESULTS

CHARACTERISTICS OF THE PATIENTS
From September 2006 through March 2011, a to-
tal of 76 patients with infective endocarditis who
were candidates for early preemptive surgery were
enrolled at the Asan Medical Center (71 patients)
and Seoul National University Hospital (5) in Ko-
rea. We randomly assigned these patients to ear-
ly surgery (37 patients) or conventional treatment
(39). The enrollment profile is shown in Figure 1.

The treatment groups were generally well bal-
anced with regard to baseline clinical character-
istics (Table 1). The mean age of the patients was
47 years, and 67% were men. The mitral valve
was involved in 45 patients, the aortic valve in
22, and both valves in 9. Severe mitral regurgita-
tion was observed in 45 patients, severe aortic re-
gurgitation in 23, severe aortic stenosis in 3, se-
vere mitral regurgitation and stenosis in 1, and
both severe mitral regurgitation and aortic re-
gurgitation in 4. The median diameter of vegeta-
tion was 12 mm (interquartile range, 11 to 17).
All patients met the Duke criteria for definite
endocarditis; the most common pathogens in
both groups were viridans streptococci (in 30%
of all patients), other streptococci (in 30%), and
Staphylococcus aureus (in 11%). The adequacy of
antibiotic therapy was compared between treat-

N ENGL J MED 366;26

Table 1. Clinical and Echocardiographic Characteristics of the Patients
at Baseline, According to Treatment Group.*

Characteristic

Age —yr

Male sex — no. (%)
Diabetes — no. (%)
Hypertension — no. (%)

Coronary artery disease — no. (%)

Underlying valve disease — no. (%)
Serum creatinine — mg/d|
EuroSCORE valuei:
Embolism on admission — no. (%)
Cerebral
Renal
Splenic
Left ventricular ejection fraction — %
Valve involved — no. (%)
Mitral
Aortic
Aortic and mitral
Vegetation diameter
>10-15 mm — no. (%)
>15 mm — no. (%)
Valvular disease — no. (%)
Severe stenosis
Severe regurgitation
Blood microorganism — no. (%)
Viridans streptococci
Other streptococci
Staphylococcus aureus
Enterococcus
Other§

Negative culture

Immunocompromised state — no. (%) 7

Conventional
Treatment
(N=39)

47.8+17.5
27 (69)
4(10)
7 (18)
103)
103)
39 (100)
0.90+0.67
6.71.7
17 (44)
11 (28)
7 (18)
9 (23)
60.7+7.2

—_
N
o]

—
IS
—
—
Ltl—‘
oW
o PR >N N

N
w o

1(3)
7 (18)

Early
Surgery
(N=37)

45.5+14.9

35 (95)
1.28+1.85
6.4+1.6
19 (51)
11 (30)

13.5+3.2
26 (70)
11 (30)

1
1

5
3
27)

(
(
@)
©)
@)
(

0
1
3
2
1
0

1

tween the groups.

¢ Plus—minus values are means +SD. There were no significant differences be-

T Patients with an immunocompromised state were those with a solid-organ
transplant or a diagnosis of end-stage renal disease.

I Scores on the European System for Cardiac Operative Risk Evaluation

(euroSCORE), a clinical model for assessing operative risk, range from 0 to
39, with higher scores indicating greater risk.

=)

Lactobacillus acidophilus was present in 1 patient with end-stage renal disease

in the conventional-treatment group, and Haemophilus parainfluenzae was
present in 1 patient in the early-surgery group.
9 Of the 17 patients with negative cultures, 5 of 7 patients (71%) in the conven-
tional-treatment group and 8 of 10 (80%) in the early-surgery group had a his-

tory of antibiotic use.
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Table 2. Characteristics of Antibiotic Therapy, According to Treatment Group.

Conventional Early
Treatment Surgery

Characteristic (N=39) (N=37) P Value
Control of the underlying infection
Defeverescence — days

Median 2 2 0.21

Interquartile range 1-6 1-3
Persistence of bacteremia — no. (%)* 1(3) 0 1.00

Antibiotic regimen
Beta-lactam-based therapy — no. (%) 39 (100) 37 (100) 1.00

Beta-lactam antibiotic alone 26 (67) 27 (73) 0.62
Beta-lactam antibiotic with amino- 13 (33) 10 (27) 0.62
glycosidet
Duration — days
Median 35 35 0.93
Interquartile range 28-42 28-42

* Persistence of bacteremia was defined as positive blood cultures 1 week after
antibiotic therapy was initiated.
T An aminoglycoside was administered for 2 or more weeks.

Table 3. Clinical End Points.
Conventional Early
Treatment Surgery
Outcome (N=39) (N=37) P Value
Primary end point — no. (%)
In-hospital death or embolic event 9 (23) 1(3) 0.01
at 6 wk
In-hospital death 1(3) 1(3) 1.00
Embolic event at 6 wk
Any 8 (21) 0 0.005
Cerebral 5 (13) 0
Coronary 1(3) 0
Popliteal 1(3) 0
Splenic 1(3) 0
Secondary end points at 6 mo —
no. (%)
Any 11 (28) 1(3)  0.003
Death 2 (5) 13 100
Embolic event 8 (21) 0 0.005
Recurrence of infective endocarditis 1(3) 0 1.00

ment groups (Table 2). There were no significant
between-group differences in terms of control of
the underlying infection, the antibiotic regimen
used, or the duration of antibiotic therapy.

SURGICAL PROCEDURES

All patients in the early-surgery group underwent
valve surgery within 48 hours after randomiza-
tion; the median time between randomization and
surgery was 24 hours (interquartile range, 7 to 45).
Of the 22 patients with involvement of the mitral
valve, 8 patients underwent mitral-valve repair and
14 underwent mitral-valve replacement with a me-
chanical valve. Of the 15 patients with involvement
of the aortic valve or both the mitral and aortic
valves, 14 underwent mechanical-valve replacement
and 1 underwent valve replacement with a biologic
prosthesis. Concomitant coronary-artery bypass
grafting at the time of valve surgery was per-
formed in 2 patients (5%).

Of the 39 patients assigned to the convention-
al-treatment group, 30 (77%) underwent surgery
during the initial hospitalization (27 patients) or
during follow-up (3). The surgical procedures
included 11 mitral-valve repairs, 6 mitral-valve
replacements (with 5 patients receiving a mechan-
ical valve and 1 a biologic prosthesis), 11 aortic-
valve replacements (with 9 patients receiving a
mechanical valve and 2 a biologic prosthesis),
and 2 combined aortic-valve replacements (with
1 patient receiving a mechanical valve and 1 a
biologic prosthesis) and mitral-valve repairs. In
8 patients (21%), indications for urgent surgery
developed during hospitalization (median time to
surgery after randomization, 6.5 days [interquar-
tile range, 6 to 10]). Elective surgery was performed
in an additional 22 patients owing to symptoms or
left ventricular dysfunction more than 2 weeks
after randomization. Surgical results are shown
in the Supplementary Appendix.

PRIMARY END POINT
The primary end point of in-hospital death or em-
bolic events within the first 6 weeks after random-
ization occurred in one patient (3%) in the early-
surgery group, as compared with nine (23%) in
the conventional-treatment group (hazard ratio,
0.10; 95% confidence interval [CI], 0.01 to 0.82;
P=0.03). In the early-surgery group, one patient
died in the hospital and no patients had embolic
events; in the conventional-treatment group, one
patient died in the hospital and eight patients had
embolic events (Table 3). All the primary end points
in the conventional-treatment group occurred be-
fore valve surgery. No patients died within 30 days
after surgery in either group. At 6 weeks after
randomization, the rate of embolism was 0% in

2470 N ENGL) MED 366;26 NEJM.ORG JUNE 28, 2012

The New England Journal of Medicine
Downloaded from nejm.org by JOHN VOGEL on June 28, 2012. For personal use only. No other uses without permission.
Copyright © 2012 Massachusetts Medical Society. All rights reserved.



EARLY SURGERY IN INFECTIVE ENDOCARDITIS

the early-surgery group, as compared with 21% in
the conventional-treatment group (P=0.005). De-
tails of the deaths and embolic events are sum-
marized in Tables S1 and S2 in the Supplemen-
tary Appendix.

SECONDARY END POINTS DURING FOLLOW-UP
The median follow-up time was 749 days (inter-
quartile range, 425 to 1242), and all patients un-
derwent complete follow-up, which began at ran-
domization and ended in September 2011.
During follow-up, there were two deaths from
noncardiac causes and no deaths from cardiac
causes in the early-surgery group; in the conven-
tional-treatment group, there was one death from
noncardiac causes and one from cardiac causes
(Table S1 in the Supplementary Appendix). Anti-
coagulation was effectively maintained during
the entire follow-up period in patients with me-
chanical-valve replacement and for 3 months in
those who received a biologic prosthesis and had
no risk factors. No patient in either group had an
embolic event or was hospitalized for congestive
heart failure during follow-up. Recurrence of in-
fective endocarditis within 6 months after dis-
charge was not observed in any patient in the
early-surgery group but was reported in 1 patient
in the conventional-treatment group. Among the
11 patients (28%) in the conventional-treatment
group who were treated medically and dis-
charged without undergoing surgery, 1 (3%) died
suddenly, 7 (18%) had symptoms related to severe
valve disease or recurrence of infective endocar-
ditis (3 of whom underwent surgery during follow-
up), and 3 (8%) had no symptoms or embolic events
(Table S3 in the Supplementary Appendix).

There was no significant difference between the
early-surgery and conventional-treatment groups
in all-cause mortality at 6 months (3% and 5%,
respectively; hazard ratio, 0.51; 95% CI, 0.05 to
5.66; P=0.59) (Fig. 2A). At 6 months, the rate of
the composite of death from any cause, embolic
events, recurrence of infective endocarditis, or re-
peat hospitalization due to the development of
congestive heart failure was 3% in the early-
surgery group, as compared with 28% in the
conventional-treatment group (hazard ratio, 0.08;
95% CI, 0.01 to 0.65; P=0.02). The estimated ac-
tuarial rate of end points was significantly lower
in the early-surgery group than in the conven-
tional-treatment group (P=0.009 by the log-rank
test) (Fig. 2B).
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Figure 2. Kaplan—Meier Curves for the Cumulative Probabilities of Death
and of the Composite End Point at 6 Months, According to Treatment
Group.
There was no significant between-group difference in all-cause mortality at
6 months (Panel A). The rate of the composite end point of death from any
cause, embolic events, recurrence of infective endocarditis, or repeat hospi-
talization due to the development of congestive heart failure was 3% in the
early-surgery group versus 28% in the conventional-treatment group (hazard
ratio, 0.08; 95% Cl, 0.01 to 0.65; P=0.02) (Panel B).

DISCUSSION

Our randomized trial comparing early valve sur-
gery with conventional treatment in patients with
infective endocarditis showed that early surgery
performed within 48 hours after diagnosis re-
duced the composite primary end point of death
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from any cause or embolic events by effectively
reducing the risk of systemic embolism. More-
over, these improvements in clinical outcomes
were achieved without an increase in operative
mortality or recurrence of infective endocarditis.

Systemic embolism, which occurs in approxi-
mately one third of patients with infective endo-
carditis and involves the central nervous system
in up to 65%, is the second most common cause
of death, after congestive heart failure, in this
patient population.t213 Several studies using
propensity-scoring models have shown conflict-
ing results with respect to the benefits of sur-
gery,121+16 and the choice between surgery and
medical therapy has not been clear-cut. Previous
observational studies comparing the outcomes of
surgery with those of medical therapy have been
subject to the limitations imposed by baseline
differences between the treatment groups and
treatment-selection and survivor biases'21#18; pro-
spective, randomized trials may reduce these limi-
tations.

In this randomized trial, we hypothesized that
the benefits of surgical treatment would be maxi-
mized by performing surgery within 48 hours
after randomization, because the risk of embo-
lism has been reported to be particularly high
during the first week after diagnosis.*° The rate
of embolism in the conventional-treatment group
was similar to that reported in other studies,®11,12
and the rate of embolism in the early-surgery
group was markedly reduced, as compared with
conventional treatment, as expected from our pre-
vious observational study.*? Therefore, we suggest
that early surgery is a valuable therapeutic option
to prevent embolism.

We found that the in-hospital and 6-month
mortality in both groups was substantially lower
than that reported previously. There may be sev-
eral explanations for the lower mortality in our
study. First, the proportion of patients with poor
prognostic factors, such as moderate-to-severe
congestive heart failure, altered mental status, and
staphylococcal infection, was lower than in previ-
ous studies.'>1%2° Second, the rate of death within

30 days after surgery in this study was very low,
and more than 80% of our patients underwent
valve surgery during the initial hospitalization.
Our aggressive surgical approach may be related
to the low mortality, but our study was not de-
signed to address this issue. Third, blood cultures
were obtained and echocardiography was per-
formed within 24 hours after hospitalization in all
patients with suspected infective endocarditis. Be-
cause the diagnosis of infective endocarditis must
be made as soon as possible in order to initiate
therapy, and a delay in diagnosis causes severe
complications,? rapid diagnosis might be related
to the favorable outcome observed in our study.

Our study has several limitations. The trial was
limited in scope, in that it included patients with
severe valvular disease and large vegetations and
excluded those with major stroke, infective endo-
carditis involving a prosthetic valve, or aortic ab-
scess. Our exclusion criteria also affected the
relative frequencies of causative microorganisms,
and the incidence of infective endocarditis due to
S. aureus was lower than that in previous studies.>*
The risk-benefit ratio of early surgery over con-
ventional treatment may differ according to the
type of high-risk situation and the causative or-
ganism. The rate of death within 30 days after
surgery was very low in our study, and our study
patients had low operative risk. The results of
our study may not be applicable to low-volume
medical centers or to patients with high opera-
tive risk. Although randomization was stratified
according to participating center, an analysis of
outcomes according to center was not performed
because of the large differences in the number of
enrolled patients among the sites.

In conclusion, early surgery, as compared with
conventional treatment, significantly reduced the
composite end point of death from any cause or
embolic events by effectively reducing the risk of
systemic embolism among patients with infec-

tive endocarditis and large vegetations.

No potential conflict of interest relevant to this article was
reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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