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Summary

To systematically review early surgery and the optimal timing of surgery in patients with infective endocarditis (IE), a search for foreign and
domestic articles on cohort studies about the association between early surgery and infective endocarditis published from inception to
January 2015 was conducted in the PubMed, EMBASE, Chinese Biomedical Literature (CBM), Wanfang and Chinese National Knowledge
Infrastructure (CNKI) databases. The studies were screened according to the inclusion and exclusion criteria, the data were extracted and
the quality of the method of the included studies was assessed. Then, the meta-analysis was performed using the Stata 12.0 software.
Sixteen cohort studies, including 8141 participants were finally included. The results of the meta-analysis revealed that, compared with
non-early surgery, early surgery in IE lowers the incidence of in-hospital mortality [odds ratio (OR) = 0.57, 95% confidence interval (CI)
(0.42, 0.77); P = 0.000, I2 = 73.1%] and long-term mortality [OR = 0.57, 95% CI (0.43, 0.77); P = 0.001, I2 = 67.4%]. Further, performing oper-
ation within 2 weeks had a more favourable effect on long-term mortality [OR = 0.63, 95% CI (0.41, 0.97); P = 0.192, I2 = 39.4%] than non-
early surgery. In different kinds of IE, we found that early surgery for native valve endocarditis (NVE) had a lower in-hospital [OR = 0.46,
95% CI (0.31, 0.69); P = 0.001, I2 = 73.0%] and long-term [OR = 0.57, 95% CI (0.40, 0.81); P = 0.001, I2 = 68.9%] mortality than the non-early
surgery group. However, for prosthetic valve endocarditis (PVE), in-hospital mortality did not differ significantly [OR = 0.83, 95% CI (0.65,
1.06); P = 0.413, I2 = 0.0%] between early and non-early surgery. We concluded that early surgery was associated with lower in-hospital and
long-term mortality compared with non-early surgical treatment for IE, especially in NVE. However, the optimal timing of surgery remains
unclear. Additional larger prospective clinical trials will be required to clarify the optimal timing for surgical intervention and determine its
efficacy in PVE.
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INTRODUCTION

Infective endocarditis (IE) is an inflammation of the inner tissues
of the heart or endocardium, which if untreated, can lead to life-
threatening complications and is associated with a high risk of
morbidity and mortality. Epidemiological research has revealed
that the annual incidence of IE is 3–10 cases per 100 000 persons
[1], and the mortality rate is as high as 15–30% [2]. In addition,
although the diagnosis and treatment strategies continually improve,
the mortality does not decrease significantly [3].

At present, early surgery has been the treatment of choice for
IE, but its effectiveness has not been systematically and compre-
hensively assessed. The recommendations on early surgery from
current guidelines [4–6] vary in indications, the choices of oper-
ation time and their strength, and most were supported by expert
opinions or clinical experience. Additionally, prosthetic valve

endocarditis (PVE) occurs in 3–6% of patients within 5 years of the
valve implantation procedure and is linked with significant mor-
bidity and mortality [7]. The effectiveness of early surgery for PVE
is unclear. Due to its low incidence, and ethical and financial con-
straints, there is no large-sample, multicentre randomized, con-
trolled trials (RCTs) to draw a definitive conclusion about its
efficacy. To date, only one RCT [8] has explored the effectiveness
of early surgery for IE, and because of the trial setting (South
Korea), small sample size (76 patients) and short follow-up period
(6 months), we remain uncertain about the reliability and external
validity of the results.
Recently, several cohort studies with large sample size [2, 7, 9–22]

explored the effectiveness of early surgery for IE, but the results
were not consistent. The objectives of this meta-analysis were (i) to
assess whether early surgery therapy is associated with lower
in-hospital and long-term mortality; (ii) to assess the prognostic
outcomes of the optimal timing for surgery; (iii) to evaluate the dif-
ference in effectiveness of early surgery in patients with native valve
endocarditis (NVE) and PVE.
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METHODS

Data sources and inclusion criteria

We conducted a search in the MEDLINE, EMBASE, Cochrane Central
Register of Controlled Trials (CENTRAL), Chinese Biomedical Literature
(CBM), Wanfang and Chinese National Knowledge Infrastructure
(CNKI) databases to identify relevant articles published from inception
to January 2015. Medical Subject Headings terms were added in
all searches for MEDLINE, EMBASE and the Cochrane Library. Search
terms included ‘Infective Endocarditis’, ‘Endocarditides’, ‘Heart
Surgery’, ‘Cardiac Surgery’ and ‘early surgery’. The search strategy was
developed by two reviewers and peer-reviewed by a third. We
checked the reference lists of relevant review articles, meta-analyses
and original studies. There was no language restriction.

Eligible trials had to fulfil the following criteria for inclusion:
(i) cohort study, either prospective or retrospective, (ii) patients
received a definite diagnosis of IE according to the modified Duke
criteria [23], (iii) the study compared early surgical intervention
versus non-early surgical intervention, including medical therapy
or late surgery. Early surgery was defined during initial hospitaliza-
tion before the completion of a full therapeutic course of antibiotics
[6], (iv) the study investigated the following outcomes: short-term
efficacy, which was measured by in-hospital mortality; long-term
efficacy, which was assessed by mortality with a follow-up of more
than 6 months. The following studies were excluded: the outcomes
and parameters of patients were not clearly described; it was not
possible to extract reliable data from the reported results; and an
overlap between authors or centres in the published literature
existed.

Study selection and data extraction

Study selection and data extraction were conducted independent-
ly by two investigators, who screened the titles and abstracts. Full
articles were retrieved if a decision could not be reached. Data
were extracted into a form that included a prespecified set of vari-
ables (study quality, study characteristics, patient characteristics,
interventions and outcome data). Disagreements in study selec-
tion and data extraction were resolved by consensus.

Risk of bias assessment

Two authors independently assessed risk of bias for each study
using the Newcastle–Ottawa Scale [24]. Cohort studies were
accessed by three kinds of categories, namely selection, exposure
and comparability. Studies were rated using an ordinal star
grading scale where studies of higher quality receive higher scores
or more stars. A study can receive a maximum of one star for each
listed item within the selection and exposure categories. A
maximum of two stars can be awarded for comparability. Studies
that achieve six or more stars were deemed to be of better quality.
In our analysis, studies of low, intermediate and high quality were
defined with NOS scores of 1–3, 4–6 and 7–9, respectively.

Statistical analysis

The meta-analysis was performed using the Stata software, version
12.0 (Stata Corporation, College Station, TX, USA). We analysed
in-hospital and long-term mortality using estimation of odds

ratios (ORs) with a 95% confidence interval (95% CI). The Z test
was used to estimate the statistical significance of the pooled data.
Subgroup analysis was performed to determine (i) the optimal
timing of early surgery in IE based on different time periods
before completion of a full therapeutic course of antibiotics, (ii)
the efficacy of early surgery in NVE and PVE.
Heterogeneity between studies in the subgroups and the at

large heterogeneity for all studies included were assessed by the
Cochran’s Q statistic and I2 test. When the presence of significant
heterogeneity was indicated by a Q-test value of P < 0.05 or an I2

test rate of >50%, the random-effects model was employed [25];
otherwise, the fixed-effects model was used [26]. To evaluate
whether publication bias may have influenced the statistical
results, visual inspection of funnel plots and the Egger’s test were
performed, and publication bias was considered to be statistically
significant when P < 0.10 [27].

RESULTS

Study selection

After screening titles and abstracts, we identified 108 studies. Of
these, 92 citations were excluded, specifically 73 other interven-
tions and 19 other outcomes. Finally, 16 [2, 7, 9–22] cohort studies
were included in the meta-analysis (Fig. 1).

Baseline characteristics

The baseline characteristics are presented in Table 1. Sixteen
cohort studies [2, 7, 9–22] encompassing a total of 8141 enrolled
patients who matched the selection criteria. The area distributions
of the 16 studies were: 4 [2, 7, 11, 20] multinational, 3 [9, 18, 19] in
the USA, 3 [10, 14, 17] in France, 2 in China, 2 [12, 15] in Japan, 1
[13] in Belgium and 1 [16] in Australia. Fourteen studies compared
early surgery with medical therapy, and 2 studies [13, 17] com-
pared early surgery with late surgery.
The quality assessment of the included studies is presented in

Table 2. The quality scores of the 16 studies ranged from 4 to 8,
with 7 [2, 7, 9, 10, 17, 19, 20] studies considered to be of high
quality and 9 [11–16, 18, 21, 22] of intermediate quality. The
average score of the included studies was 6.3 point.

Meta-analysis

There were 9 [2, 7, 9, 11, 12, 14, 15, 20, 21] and 11 [7, 9, 10, 12, 13, 16–
19, 21, 22] studies which reported in-hospital and long-termmortality,
respectively. Because significant heterogeneity existed among these
studies (P = 0.000, I2 = 73.1%; P = 0.001, I2 = 67.4%), the random-
effects model was used. According to our meta-analysis, both
in-hospital mortality [OR = 0.57, 95% CI (0.42, 0.77)] and long-term
mortality [OR = 0.57, 95% CI (0.43, 0.77)] were significantly lower
for the early surgery group than for the non-early surgery group
(Figs 2 and 3).
For different time periods in which surgeries were performed,

we observed in-hospital mortality was significantly lower for oper-
ation performed during initial hospitalization [OR = 0.76, 95%
CI (0.58, 0.98); P = 0.664, I2 = 0.0%], within 1 week [OR = 0.53, 95%
CI (0.40, 0.70)] and within 3 weeks [OR = 0.43, 95% CI (0.25, 0.74)]
compared with for non-early surgery. In-hospital mortality
did not differ significantly between operation performed within

ST
A
TE

-O
F-
TH

E-
A
R
T

F. Liang et al. / Interactive CardioVascular and Thoracic Surgery 337



2 weeks [OR = 0.51, 95% CI (0.24, 1.10); P = 0.000, I2 = 87.2%] and
non-early surgery (Fig. 2). Performing operation during the initial
hospitalization, within 2 weeks [OR = 0.63, 95% CI (0.41, 0.97);
P = 0.192, I2 = 39.4%] and within 3 weeks [OR = 0.40, 95% CI (0.29,
0.56); P = 0.608, I2 = 0.0%] can significantly prolong the patients’
long-term survival time compared with the non-early surgery
group. There was no difference on long-term mortality between
surgeries performed within 1 week [OR = 2.00, 95% CI (0.61, 6.53);
P = 0.147, I2 = 52.4%] and 4 weeks [OR = 0.61, 95% CI (0.27, 1.38);
P = 0.114, I2 = 59.9%] compared with the non-surgery group
(Fig. 3).

In-hospital mortality was reported for patients with NVE and
PVE by 7 [2, 9, 11, 12, 14, 15, 21] and 3 [7, 15, 20] studies, respective-
ly. We found that early surgery for NVE had a lower in-hospital
mortality than the non-early surgery group [OR = 0.46, 95% CI
(0.31, 0.69); P = 0.001, I2 = 73.0%], whereas no difference was
found between early surgery and non-early surgery group for PVE
[OR = 0.83, 95% CI (0.65, 1.06); P = 0.413, I2 = 0.0%] (Fig. 4). Ten

studies [9, 10, 12, 13, 16–19, 21, 22] provided information on long-
term mortality of patients who underwent early surgery for NVE.
We observed long-term mortality was significantly lower for early
surgery than for non-early surgery for NVE [OR = 0.57, 95% CI
(0.40, 0.81); P = 0.001, I2 = 68.9%]. Among the reported results,
only one study [7] showed that long-term mortality was signifi-
cantly lower for early surgery than for non-early surgery for PVE
[OR = 0.64, 95% CI (0.49, 0.84)] (Fig. 5).

Publication bias

Inspection of the funnel plots indicated that the studies were
nearly similarly distributed on both sides of the vertical line
(Fig. 6), which reveals no evidence of the existence of significant
publication bias among these studies. Besides, the P-value for
Egger’s test was 1.40, which further suggests a low probability of
publication bias.

Figure 1: Literature search and study selection.
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Table 1: The characteristics of the studies included in the meta-analysis

Authors Study region Number Male (%) Age (mean ± SD) Definition of
early surgery

Intervention Primary
end-point

Study period Included valve

E C E C E C E C

Aksoy et al. [9] USA 78 255 52 (66.7) 134 (52.6) 54.2 ± 20.6 58.4 ± 26.8 During initial
hospitalization

Early surgery Medical
therapy

All-cause
mortality

In-hospital
and
5 years

Left-sided NVE
and PVE

Bannay et al. [10] France 240 209 188 (78.3) 146 (69.9) 57.6 ± 13.5 64.4 ± 15.6 A median of
20 days

Early surgery Medical
therapy

All-cause
mortality

5 years Left-sided NVE
and PVE

Cabell et al. [11] Multinational 610 906 451 (73.9%) 577 (63.7%） 54.7 ± 15.2 61.1 ± 17.4 During initial
hospitalization

Early surgery Medical
therapy

All-cause
mortality

In-hospital Left- and right-
sided NVE

Funakoshi et al. [12] Japan 73 139 44 (60) 85 (61) 55 ± 18 53 ± 17 2 weeks after
diagnosis

Early surgery Medical
therapy

All-cause
mortality

In-hospital
and 5.5
years

Left-sided NVE

Hill et al. [13] Belgium 58 37 66 65 First 7 days after
diagnosis

Early surgery Late
surgery

All-cause
mortality

6 months Left-sided NVE
and PVE

Lalani et al.
(2010) [2]

Multinational 720 832 525 (72.9) 545 (66.1) 53 61 Median time was
7 days

Early surgery Medical
therapy

Mortality In-hospital Left- or
right-sided
NVE

Lalani et al.
(2013) [7]

Multinational 490 535 343 (70) 335 (63) 59.4 (0.5–88) 63.8 (0.3–91) Median time was
8 days

Early surgery Medical
therapy

All-cause
mortality

In-hospital
and 1 year

Right- or
left-sided
PVE

Mourvillier et al.
[14]

France 104 124 N N N N Median time was
17 days

Early surgery Medical
therapy

All-cause
mortality

In-hospital Left and
right-sided
NVE and
PVE

Ohara et al. [15] Japan 237 (NVE)
335 (PVE)

111 (NVE)
46 (PVE)

168 (71)
(NVE)
21 (60)
(PVE)

58
(52) (NVE)
22 (48)
(PVE)

55 ± 16 (NVE)
64 ± 16
(PVE)

63 ± 19 (NVE)
69 ± 15
(PVE)

During initial
hospitalization

Early surgery Medical
therapy

All-cause
mortality

In -hospital Left- and
right-sided
PVE and
NVE

Sy et al. [16] Australia 62 161 41 (66) 114 (71) 46.9 (15.1) 57.9 (19.2) From admission
to surgery
18 days

Early surgery Medical
therapy

All-cause
mortality

5.2 years Left-sided NVE
and PVE

Thuny et al. [17] France 95 196 69 (73) 155 (79) 53 + 16 58 + 15 <1st week Early surgery Late
surgery

Mortality 6 months Left-sided NVE
and PVE

Wang et al. [20] Multinational 148 207 106 (71.6) 124 (59.9) 62.0 (50–71) 70.0 (56–76) Median time was
12 days

Early surgery Medical
therapy

All-cause
mortality

In-hospital PVE

Wang et al. [21] China 70 169 47 (67.1) 106 (62.7) 41.6 ± 12.0 45.6 ± 17.2 <2nd week Early surgery Medical
therapy

All-cause
mortality

In-hospital
and 2
years

Left-sided NVE

Jia et al. [22] China 74 61 52 (71.6) 42 (68.9) 47.7 ± 15.9 45.4 ± 13.8 <4th week Early surgery Medical
therapy

All-cause
mortality

6–42 months Left-sided NVE

Vikram et al. [19] USA 230 283 156 (68) 175 (62) 53 ± 16.3 56.6 ± 18.6 Not reported Early surgery Medical
therapy

All-cause
mortality

6 months Left-sided NVE

Tleyjeh et al. [18] USA 129 417 86 (66.67) 273 (65.47) 56.72 ± 17.40 64.03 ± 15.58 Within 30 days Early surgery Medical
therapy

All-cause
mortality

6 months Left-sided NVE
and PVE

E: early surgery group; C: non-early surgery group; N: not reported; NVE: native valve endocarditis; PVE: prosthetic valve endocarditis; SD: standard deviation.
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Table 2: Newcastle–Ottawa Scale checklist

Study ID Selection Comparability Outcome

Representativeness
of exposed cohort?

Selection of
non-exposed
cohort?

Ascertainment
of exposure?

Demonstration
that outcome
of interest was
not present at
start of study?

Study
controls
for age
and sex?

Study
controls
for additional
risk factors?

Assessment
of outcome?

Was
follow-up
long enough
for outcome
to occur?

Adequacy
of follow-up
of cohorts?

Aksoy et al. [9] √ √ √ – √ √ – √ √
Bannay et al. [10] √ √ √ – √ √ √ √ √
Cabell et al. [11] – √ √ √ √ √ – – √
Funakoshi
et al. [12]

– √ √ – √ √ – √ √

Hill et al. [13] – √ √ – √ √ √ – √
Lalani et al.
(2010) [2]

√ √ √ √ √ √ √ – √

Lalani et al.
(2013) [7]

√ √ √ √ √ √ √ – √

Mourvillier
et al. [14]

– √ √ – √ √ – – √

Ohara et al. [15] √ √ √ – √ √ – – √
Sy et al. [16] – √ √ – √ √ – √ √
Thuny et al. [17] √ √ √ – √ √ √ – √
Wang et al. [20] √ √ √ – √ √ √ – √
Wang et al. [21] – √ √ – √ √ √ – –

Jia et al. [22] – √ √ – √ √ – – –

Vikram et al. [19] √ √ √ √ √ √ √ – √
Tleyjeh et al. [18] – √ √ – √ √ – – √

Figure 2: In-hospital mortality in patients with IE, comparing early surgery versus non-early surgery, including subgroup analysis for different operation time periods.
IE: infective endocarditis; OR: odds ratio; CI: confidence interval.
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Sensitivity analysis

To confirm reliability of the pooled estimates, we performed a
sensitivity analysis by eliminating one study in each turn and the
result was consistent with the primary outcome, manifesting the
stability of the meta-analysis (Supplementary Figs S1 and S2).

DISCUSSION

Summary of findings

It is well known that IE has poor prognosis, and mortality is the
most intuitive and important outcome reflecting the treatment
effect [5]. In terms of short-term efficacy, our study found that
early surgery in patients with IE had significantly lower in-hospital
mortality [OR = 0.57, 95% CI (0.42, 0.77); P = 0.000, I2 = 73.1%] than
non-early surgery. A small RCT, which was conducted by Kang
et al. [8], reported a 3% in-hospital mortality in patients treated by
early surgery, which was significantly lower than the 23% observed
in the drug therapy group patients. In fact, such a difference was
statistically significant [hazard ratio = 0.10, 95% CI (0.01, 0.82);
P = 0.03], which is consistent with our finding. Regarding the long-
term efficacy, our study showed that patients in the early surgery

group survived longer than those in the non-early surgery group
[OR = 0.57, 95% CI (0.43, 0.77); P = 0.001, I2 = 67.4%]. Propensity
analysis was used for most of the included studies to control for
the intrinsic biases of treatment selection and adjust the baseline
prognostic heterogeneity. Some studies [19, 28, 29] have demon-
strated that when these intrinsic biases are rigorously controlled,
the observational studies can arrive at estimates of the impacts of
therapeutic interventions which are actually quite similar to RCTs.
Chatterjee et al. [30] conducted a meta-analysis with data from
only propensity-matched patients and their findings are consist-
ent with ours [OR 0.41, 95% CI (0.20, 0.83); P = 0.01, I2 = 0%].
Although short- and long-term benefits have been found in this

meta-analysis, it does not mean that early surgery is beneficial
and must be performed in all patients with IE. The two most in-
fluential sets of consensus guidelines [5, 6] for the performance of
early surgery on the basis of surgical indication are basically iden-
tical. The revised 2009 European Society of Cardiology guideline
[5] recommend heart failure, uncontrolled infection and pre-
vention of embolism as main indications for early surgery, where-
as the 2014 American College of Cardiology–American Heart
Association guidelines [6] recommend valve dysfunction causing
heart failure, antibiotic resistant organism, heart block or abscess,
persistent infection as important indication for early surgery.
Indeed, the predictors revealed in most of the included studies

Figure 3: Long-term mortality in patients with IE, comparing early surgery versus non-early surgery, including subgroup analysis for different operation time periods.
IE: infective endocarditis; OR: odds ratio; CI: confidence interval.
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Figure 4: In-hospital mortality in patients with NVE and PVE. NVE: native valve endocarditis; PVE: prosthetic valve endocarditis.

Figure 5: Long-term mortality in patients with NVE and PVE. NVE: native valve endocarditis; PVE: prosthetic valve endocarditis; OR: odds ratio; CI: confidence interval.
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are established as well-recognized indications for early surgery
and reflect practices in concert with the guidelines. Accordingly,
except for patients with an obvious indication, deciding whether
to perform surgery is usually a difficult and complicated clinical
decision.

The optimal timing of valve surgery in patients with IE still
remains unclear. In fact, the definition of early surgery varied
among the included studies, from ‘operation during initial hospi-
talization’ to ‘operation within 30 days after diagnosis of IE.’ Our
study showed that an operation performed within a week after
diagnosis of IE could reduce the patients’ in-hospital mortality, but
could not improve long-term survival. These results are consis-
tent with those of Kang et al. [8], whose study enrolled patients
who underwent valve surgery within 48 h after randomization and
found that early surgery could significantly reduce in-hospital
mortality, but it did not reduce 6-month mortality. Additionally,
performing surgery within 2 weeks of diagnosis could prolong
the long-time survival time of patients and tended to reduce in-
hospital mortality, which makes this choice seemingly worth con-
sidering. Due to lack of studies including operations in the 3- and
4-week periods, we could not determine whether performing op-
eration at such time periods can improve the prognosis of the
patients. However, a dilemma always exists as to when to perform
surgery: should we operate early to reduce the risk of thrombosis
and progressive deterioration of cardiac function or should we
perform the surgery after the effective control of infection to re-
duce the surgical risks and complications. On the one hand, early
surgical intervention in the acute phase of IE, involving uncon-
trolled sepsis, shock and organ failure, causes concerns regarding
high operative mortality and risk of deterioration. On the other
hand, delaying surgery to finish a course of antimicrobial therapy
might raise the risk of embolism and produce widespread cardiac
tissue damage, which would result in more challenging repair,
progressive cardiogenic shock and organ failure and, ultimately,
increased mortality [10, 12]. Furthermore, due to different surgical
indications, such as vegetation size, embolic events, expansion of
infection, relapsing IE, the timing of surgery should be dependent
on the specific condition of the patient. In summary, our study could
not draw definitive conclusions on the optimal timing of surgery for
IE patients.

Compared with NVE, PVE is a more serious disease with a
higher mortality, which ranges from 20 to 40% of in-hospital mor-
tality rate [5]. Surgical indications for PVE recommendation by

guidelines [5, 6] are similar to those for NVE. Moreover, surgical
intervention is generally considered the best option for PVE. Our
results indicated that early surgery could not provide a definite
short-term survival benefit for PVE, when compared with NVE.
However, a positive effect of early surgery for PVE was found in
long-term mortality, albeit there was only one study in the ana-
lysed results. One reason may be that patients with PVE were
older and more often affected by resistant microorganisms and
health care-associated infections, and complications with para-
valvular and chronic illness [7]. Other possible reasons are the
small number of studies, small sample size and baseline hetero-
geneity. To date, no randomized studies of early surgery for PVE
have been reported. Further study is needed to confirm the effi-
cacy of early surgery in PVE.
Currently, there is an ongoing, large sample-size, multicentre

RCT, namely ENDOVAL 1 [31], which is designed to compare
30-day mortality between early surgery and drug therapy, inci-
dence of complications and other important outcomes for IE,
which should provide us more reliable evidence on the efficacy
and safety of early surgical intervention in IE.

Strength and limitations

Our study has several strengths. Our meta-analysis is the first one
to perform a systematic and detailed evaluation of early surgery in
patients with IE. This meta-analysis included 16 cohort studies
with a total of 8141 participants addressing whether and when the
performed surgery could provide short- and long- term benefits
for patients with IE. We also performed subgroup analysis to dis-
tinguish the between the effects of early surgery in patients with
NVE or PVE. Furthermore, all the included studies were of moder-
ate or high quality (average score above 6) according to the
Newcastle–Ottawa Scale. Some researchers [32] have reported
that meta-analysis of well-designed non-RCTs of surgical proce-
dures is probably as accurate as that of RCTs. Nevertheless, our
study still has several limitations. Firstly, a common limitation
encountered in all meta-analyses is the heterogeneity of the data.
Although the meta-analysis possibly provides the best method-
ology, it is usually limited by clinical heterogeneity. The he-
terogeneity may be because of the diverse patient populations,
surgical techniques, surgeons with unequal skills, operative dura-
tions and follow-up time. However, the amount of information was
not sufficient for stratifying or regression analysis. Secondly, the
studies included in the meta-analysis were all non-randomized,
cohort studies. Although most of the included studies used propen-
sity analyses to control for bias in treatment selection, some other
intrinsic biases, which may influence the interpretation of their
results, still exist. Thirdly, due to limited number of included studies
and published data, we could not conduct analysis of other import-
ant outcomes, such as recurrence rate and heart failure rate.
Besides, as we just searched English and Chinese medical databases,
this means that papers published in another language were not
likely to be found.

CONCLUSION

In conclusion, we found that early surgery was associated with
lower in-hospital and long-term mortality compared with non-early
surgery therapy in patients with IE, especially for NVE. However, the
optimal timing of surgery is still unclear. Additional larger prospective

Figure 6: Funnel plots of included studies.
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clinical trials will be required to clarify the optimal timing for sur-
gical intervention and identify the efficacy of surgical intervention
for PVE.

SUPPLEMENTARY MATERIAL

Supplementary Material is available at ICVTS online.
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APPENDIX. CONFERERNCE DISCUSSION
Scan to your mobile or go to
http://www.oxfordjournals.org/page/6153/1
to search for the presentation on the EACTS library

Dr M. Wyler Von Ballmoos (Milwaukee, WI, USA): Dr Song and his team have
sought to address the important controversial question as to whether early or
late timing of surgery is more beneficial in patients with infective endocarditis.
They include 16 studies with over 8000 patients in a meta-analysis and suggest
that patients have significantly reduced odds of in-hospital mortality and long-
term mortality with an early surgery strategy, defined as surgery occurring prior
to conclusion of a full therapeutic course of antibiotics, and that these effects
are more pronounced in native valve endocarditis patients compared with
prosthetic valve endocarditis patients.
The authors therefore conclude that early surgery is the preferred treatment

modality for patients with infective endocarditis. Of note is that only two
studies included in your meta-analysis actually compared early versus late
surgery, while all other studies compared early surgery versus medical
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management only. The study is therefore probably more reflective of the con-
troversy between going to the OR or just using antibiotics for treatment. Also,
only three studies looked at in-hospital mortality and only one study at the
long-term mortality in patients with prosthetic valve endocarditis, somewhat
limiting the conclusion we can draw, I think, from the pooled effect estimates.

I do have two questions for you and a comment that I will save for last.
Firstly, did you look at the indications for surgery in the individual studies,

if they differed between the different studies and whether they were equally
distributed in both treatment arms?

Dr Song: Yes, that is a good question. This table shows the surgical indications
of all included studies. We found that heart failure, antibiotic-resistant organisms
and large vegetations, and the last one is persistent infection, will appear in almost
all these 16 studies. We used these indications to perform the comparisons. So we
think the indications were equally present in both groups of the comparison.

Dr Wyler Von Ballmoos: My second question would be: There was a large
degree of heterogeneity both qualitatively and quantitatively in your meta-analysis.
How do you explain this and how would that change the interpretation of your
results?

Dr Song: As you said, a lot of degree of heterogeneity was found in our
studies, both the clinical and the statistical heterogeneity. In our study, because
we have rigorous inclusion criteria and a high quality of assessment, so we
don’t think it is from clinical heterogeneity. And to assess the statistical hetero-
geneity, we did subgroup analysis based on the different surgical time and
different patients; but, however, the heterogeneity still exists. I think someone
argued that since clinical and methodological diversity always occur in a
meta-analysis the statistical heterogeneity is inevitable.

Dr Wyler Von Ballmoos: As far as my comment is concerned I’ll just give you
my two cents on what problems you probably ran into. I think conducting the
meta-analysis and you really ran into three problems probably: For one, that of
non-positivity because only two of your studies really looked at early surgery
versus late surgery. Furthermore, I think most of these studies used propensity
score matching, which, selected individuals in the early surgery group that at
baseline would be predicted to have very similar outcomes of those that only
had medical treatment.
Secondly, I think the differences in the treatment arms may not have been

equalized completely between the groups as one might like to think even after
propensity score matching.
Thirdly, and most importantly, I think, you probably run into time-to-treatment

bias problems with your study and the underlying studies you used. Only patients
that survived the early treatment phase were eligible to go into the surgery arms
in these studies and were therefore selected. These are obviously patients that are
less sick than those who didn’t make it and would therefore be expected to have
better outcomes.
Dr M. Mokhles (Rotterdam, Netherlands): I have only a short question. Your

study period covered almost 30 years and there have been, of course, some
improvements in the management of patients with infective endocarditis. So
did you perform a sensitivity analysis to explore whether there is a time effect?
Dr Song: I am unable to answer your question.
Dr Mokhles: I will repeat the question, the studies that you have included in

your meta-analysis, some of them were published in the 1980s. Was there a
time effect? Did you perform a sensitivity analysis?
Dr Song: Our other articles are from inception to January 2015.
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