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Introduction

Despite improvements in medical and surgical treatment, 
infective endocarditis (IE) remains a serious disease that carries 
considerable mortality and morbidity.1-4) The Early Surgery versus 
Conventional Treatment in Infective Endocarditis (EASE) trial 
previously demonstrated that early surgery in patients with IE and 
large vegetations significantly reduced the composite end point of 
all-cause death and embolic events during hospitalization when 
compared with conventional treatment.5) However, there was no 
significant difference in all-cause mortality rates at 6 months and 
more patients treated with early surgery received valve replacement 
than patients who were treated conventionally.5) Long-term risks of 
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mortality and morbidity in IE survivors who underwent early surgery 
or experienced systemic embolic events remain controversial.4)6-9) 
This study reports the long-term outcomes of the EASE trial. 

Subjects and Methods

Study design
The EASE trial design has been previously reported.5) Briefly, we 

enrolled consecutive patients who were at high risk for embolisms 
and had a left-sided, native valve IE. For all patients suspected of IE, 
blood cultures were obtained and a transthoracic echocardiography 
was performed within 24 hours after hospitalization. Patients with 
definite IE according to the modified Duke criteria10) were eligible 
for enrollment if they had severe mitral or aortic valve disease and 
a vegetation diameter >10 mm. In line with the 2006 American 
College of Cardiology/American Heart Association guidelines on 
surgical indications for IE,11) the exclusion criteria were defined 
as patients with moderate to severe congestive heart failure 
(CHF), IE complicated by heart block, annular or aortic abscess, or 
destructive penetrating lesions requiring urgent surgery, fungal 
endocarditis, those who were not candidates for early surgery on 
the basis of age >80 years, coexisting major embolic stroke with 
a risk of hemorrhagic transformation at the time of diagnosis, 
and/or poor medical status, such as the presence of malignancy. 
Patients with prosthetic valve IE, right-sided vegetations, small 
vegetations with a diameter ≤10 mm and patients referred from 
other hospitals more than 7 days after the diagnosis of IE were also 
excluded. The trial enrollment period was September 2006 through 
March 2011. Patients were randomly assigned on a 1:1 basis to 
early surgery or conventional treatment using an interactive web 
response system. The protocol specified that patients assigned to 
the early surgery group should undergo surgery within 48 hours 
of randomization. Patients assigned to the conventional treatment 
group were treated according to the current guidelines,11-13) and 
surgery was performed only if complications requiring surgery 
developed during medical treatment or if symptoms persisted 
after the completion of antibiotic therapy. The institutional review 
board at each participating center approved the study protocol and 
written informed consent was obtained from all patients prior to 
randomization. 

Follow-up
All patients were followed during hospitalization at 4 weeks, 6 

weeks, 3 months, 6 months, and 1 year and at 6-month intervals 
thereafter. Patients were asked to call a study coordinator if they 
experienced any symptoms during follow-up. Data were obtained to 

the time of death or until March 2015, and follow-up was complete 
for all patients. The pre-specified end points were all-cause death, 
embolic events, recurrence of IE and repeat hospitalizations due to 
development of CHF that occurred during follow-up. An embolic 
event was defined as a systemic embolism fulfilling prespecified 
criteria: the acute onset of clinical symptoms or signs of embolism, 
and the occurrence of new lesions confirmed by follow-up imaging 
studies. Cutaneous manifestations or metastatic abscesses were 
not considered as embolic events. An experienced neurologist 
confirmed a specific diagnosis of cerebral embolism according to 
additional magnetic resonance imaging of the brain. 

Statistical analysis
Analyses were performed on an intention-to-treat basis. 

Estimates of cumulative event rates were calculated by the Kaplan-
Meier method and compared with the use of the log-rank test. For 
the Kaplan-Meier analysis, we analyzed all clinical events according 
to the time of the first event. Hazard ratios with 95% confidence 
intervals were derived with the use of the Cox proportional hazards 
model. All reported p values are two-sided, and a value of p<0.05 
was considered statistically significant. SAS software, version 9.1 

Fig. 1. Flow diagram of study patients.
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(SAS Institute Inc., Cary, NC, USA), was used for statistical analyses.

Results

Trial patients 
A total of 76 patients with left-sided IE who were potential 

candidates for early preemptive surgery were randomized; 37 were 
assigned to early surgery and 39 to conventional treatment (Fig. 1). 

The treatment groups were generally well balanced with regard to 
baseline clinical characteristics. The mean age of the patients was 
47 years with 67% being male. The mitral valve was involved in 45 
patients, the aortic valve in 22, and both valves in 9. The median 
diameter of vegetation was 12 mm (interquartile range, 11 to 17). The 
most common pathogens in both groups were viridians streptococci 
(30%), other streptococci (30%) and Staphylococcus aureus (11%). 

Surgical procedures
All patients in the early surgery group underwent valve surgery 

within 48 hours after randomization; the median time between 
randomization and surgery was 24 hours (interquartile range, 7 
to 45). Of the 39 patients assigned to the conventional treatment 
group, 30 (77%) patients underwent surgery during the initial 
hospitalization (n=27) or during follow-up (n=3). No patients died 
within 30 days after surgery in either group. All patients with 
involvement of the aortic valve underwent valve replacement, but 
among patients with involvement of the mitral valve, 6 (35%) of 
the 17 in the conventional group underwent valve replacement, as 

compared with 14 (64%) of the 22 in the early surgery group. 

End point
There was 1 in-hospital death, each in the early surgery group 

and in the conventional treatment group. During median follow-up 
of 5.8 years (interquartile range, 4.8 to 7.1), 3 deaths occurred in 
the early surgery group and 4 deaths in the conventional treatment 
group. The causes of death were malignancy (n=1), trauma (n=1), 
acute renal failure (n=1) and sudden death (n=1) in the early surgery 
group, and malignancy (n=1), cerebral infarction (n=2) and sudden 
death (n=2) in the conventional treatment group. There was no 
significant difference between the early surgery and conventional 
treatment groups in all-cause mortality at 4 years (8.1% and 7.7%, 
respectively; hazard ratio 1.04; 95% CI, 0.21 to 5.15; p=0.96) (Fig. 
2A). There were no embolic events in the early surgery group and 
8 embolic events in the conventional treatment group during 
hospitalization. During follow-up, no embolic event or recurrence 
of IE occurred in the early surgery group and 2 embolic events and 1 
recurrence of IE in the conventional treatment group. No patient in 
either group was hospitalized for CHF during follow-up. The rate of 
the composite end point of death from any cause, embolic events 
or recurrence of IE at 4 years was 8.1% in the early surgery group 
and 30.8% in the conventional treatment group (hazard ratio, 0.22; 
95% CI, 0.06-0.78; p=0.02). The estimated actuarial rate of end 
points at 7 years was significantly lower in the early surgery group 
than in the conventional treatment group (p=0.007 by log-rank 
test) (Fig. 2B).
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Fig. 2. Kaplan-Meier curve of cumulative probabilities of survival (A) and event-free survival (B) according to treatment group. OP: early surgery, CONV: 
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discussion

In this randomized trial involving IE patients complicated 
with severe valve disease and large vegetations, early surgery 
significantly reduced the composite end point of death from any 
cause and embolic events during hospitalization, and the substantial 
benefit for early surgery was sustained throughout the follow-up 
period extending up to 7 years. After six months, the event-free 
survival curves remained parallel and late clinical outcomes were 
excellent in both groups. 

Long-term clinical outcome in IE survivors remain controversial.4)6-9)  
In a prospective, population-based study of left-sided IE, the 
in-hospital mortality rate was 19% and increased to 41% at 5 
years.6) The crude survival rate at 1 and 5 years was 90% and 70% 
in an observational cohort study, and it was significantly worse 
compared with expected survival.7) A nationwide cohort study in 
Sweden showed that long-term relative mortality risk in IE survivors 
continued to increase, even up to 5 years.8) A recent nationwide 
population-based study in Taiwan also demonstrated that the risk 
of long-term major adverse cardiac events and all-cause mortality 
substantially increased in IE survivors.4) In contrast, a Dutch cohort 
study of patients who were operated on for IE showed that IE 
survivors had a survival rate similar to the general population.9) In 
this study, more than 80% of our patients underwent valve surgery 
and long-term mortality was substantially lower than previously 
reported, whereas only 13% of the Sweden cohort and only 14% 
of the Taiwan cohort underwent valve surgery.4)8) Our aggressive 
surgical approach may be related to the lower risk of long-term 
mortality and morbidity. 

More patients in the early surgery group received valve 
replacement than those in the conventional treatment group,5) and 
the timing of surgery might be related to the differences in rates 
of repair. On the other hand, a higher rate of valve replacement 
in the early surgery group did not result in an increase in 
thromboembolism and recurrence of IE associated with prosthetic 
valves. Our results suggest that a surgeon’s ability to completely 
excise infected tissues and careful long-term monitoring is 
more important in controlling infection and preventing adverse 
cardiovascular events after surgery than the actual type of surgery 
(repair versus replacement). 

This study has several limitations. First, the trial was a limited study 
in scope, in that it excluded those with moderate to severe heart 
failure, major stroke, prosthetic valve endocarditis or aortic abscess. 
However, the limitation related to our exclusion criteria is inherent 
to a randomized clinical trial conducted in infective endocarditis. 
According to guidelines,13)14) early surgery is recommended to 
patients with moderate to severe CHF or to those with uncontrolled 

infection such as prosthetic valve endocarditis or aortic abscess. In 
addition, medical treatment is preferred to early surgery in those 
with major stroke or intracerebral hemorrhage,15) and random 
assignment of such patients to a treatment arm of early surgery 
or medical treatment is against the principle of clinical equipoise 
that forms the ethical basis for a randomized trial.16) Thus, those 
with specific indications of early surgery or medical treatment were 
excluded in this trial. Second, our study had insufficient power to 
evaluate the effect of early surgery on long-term survival. Third, 
the operative mortality was very low in the study, and the study 
patients had low operative risks. The results of the study may not 
be applicable to patients with high operative risks. 

Conclusion
In this randomized trial, the beneficial effect of early surgery 

in patients with IE and large vegetations was maintained during 
long-term follow-up, and late clinical outcome after surgery was 
excellent in survivors of IE.  
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