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Nationwide cohort study of mitral valve repair versus
replacement for infective endocarditis
Hsiu-An Lee, MD,a Yu-Ting Cheng, MD,a Victor Chien-Chia Wu, MD,b An-Hsun Chou, MD, PhD,c

Pao-Hsien Chu, MD,b Feng-Chun Tsai, MD,a and Shao-Wei Chen, MDa,d
ABSTRACT

Objectives: The feasibility and long-term outcomes of mitral valve (MV) repair
in patients with infective endocarditis (IE) remain unclear.

Methods: Using Taiwan’s National Health Insurance Research Database, we
identified 1999 patients who underwent MV surgery for IE during 2000 to
2013. The patients were more likely to have undergone valve replacement
(1575 patients; 78.8%) than valve repair (424 patients; 21.2%). After 1:1 propen-
sity score matching, 352 patients in each group were included for analysis. Peri-
operative outcomes and late composite end points, comprising all-cause mortality,
MV reoperation, any stroke, major bleeding, and readmission for heart failure,
were compared.

Results: Patients who receivedMV repair had fewer perioperative complications,
lower in-hospital mortality rates (6.3% vs 10.8%; P ¼ .031), and lower risks of
late mortality (hazard ratio [HR], 0.59; 95% confidence interval [CI], 0.44-0.80),
and composite end point (HR, 0.67; 95% CI, 0.52-0.87) during a mean follow-up
of 4.8 years. Subgroup analysis revealed a trend in which the beneficial effect of
MV repair was not apparent when surgeries were performed in hospitals within
the lowest volume quartile (P for interaction ¼ .091). In patients who underwent
surgery during active IE, MV repair was also related to a lower rate of late mor-
tality (HR, 0.64; 95% CI, 0.48-0.85).

Conclusions:Mitral repair for IE has better perioperative and late outcomes than
mitral replacement. Mitral repair performed by an experienced team is recom-
mended for IE patients instead of MV replacement whenever possible, even
with an active infection status. (J Thorac Cardiovasc Surg 2018;156:1473-83)
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Mitral valve repair results in lower rates of late mor-

tality and composite end point.
Central Message

Mitral repair for infective endocarditis has bet-

ter perioperative and late outcomes than mitral

replacement, and is recommended whenever

possible, even for patients with an active infec-

tion status.
Perspective

The feasibility and long-term outcomes of

mitral repair for infective endocarditis remain

unclear. This nationwide population-based pro-

pensity score-matching study showed better

perioperative and late outcomes after mitral

repair than valve replacement, even in patients

with active endocarditis. In low-volume cen-

ters, the repair rate was significantly lower

and the beneficial effect of repair was less

apparent.
See Editorial Commentary page 1484.

See Editorial page 1471.
The incidence of infective endocarditis (IE)-related
hospitalization in Taiwan is approximately 6.43 episodes
per 100,000 people annually.1 Despite improvements in
diagnosis and management, in-hospital mortality of IE
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Abbreviations and Acronyms
ASMD ¼ absolute standardized mean difference
CI ¼ confidence interval
HR ¼ hazard ratio
ICD-9-CM ¼ International Classification of

Diseases, Ninth Revision, Clinical
Modification

IE ¼ infective endocarditis
MV ¼ mitral valve
NHI ¼ National Health Insurance
NHIRD ¼ National Health Insurance Research

Database
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remains between 20% and 30%.2,3 Although many patients
are treated successfully with antibiotics, numerous patients
still require surgery because of persistent sepsis, severe
valvular destruction with heart failure, or repeated
embolic complications.

If mitral valve (MV) surgery is indicated, valve repair is
recommended over valve replacement whenever possible.4

The feasibility and durability of repair in degenerative
mitral regurgitation caused by leaflet prolapse or
chordal rupture have been well established,5-8 but the
reparability and long-term outcomes of repair in IE remain
questionable. Several studies have reported improved
outcome after MV repair compared with MV replace-
ment,8-11 but others have not reported significant
differences.12,13 However, these were all retrospective
studies with an inherent selection bias. Furthermore,
long-term follow-up was limited. Therefore, we conducted
this study to evaluate the perioperative and late
outcomes of MV repair and replacement in patients with
IE by using a nationwide population-based cohort study
design with propensity score matched analysis to minimize
confounding factors.

METHODS
Data Source

Taiwan’s National Health Insurance (NHI) program is a universal

compulsory health insurance system providing comprehensive medical

care coverage to 99% of the country’s 23.74 million people. Derived

from the NHI program, the National Health Insurance Research Database

(NHIRD) contains data that accurately represent Taiwan’s population, with

only minimal omitted data and a small participation bias.

The NHI program has a consistent data encryption process, allowing

continuous tracking of all claims of each individual within the program.

Moreover, because of the mandatory enrollment and affordability of the

NHI program, even people who emigrate to other countries retain their

NHI identities and return to Taiwan for medical treatment, especially those

who have undergone major surgeries. Thus, nearly complete long-term

follow-up of all patients is possible.

All data in the NHIRD are deidentified and anonymized to protect

privacy; thus, this study was exempt from a full review by the Ethics

Institutional Review Board of Chang Gung Memorial Hospital. Other

relevant details have been described in previous publications.14-16
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Study Population
A total of 15,111 patients who receivedMV surgery between January 1,

2000 and December 31, 2013 were identified using International

Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-

CM) procedure codes (35.12, 35.23, and 35.24) and Taiwan NHI procedure

codes (68015, 68016, 68017, and 68018), which are used for

reimbursement claims (Figure 1). Of these patients, 2025 (13.4%) had a

history of IE or a principal diagnosis of IE during the index hospitalization.

ICD-9-CM diagnosis codes (421.0, 421.1, and 421.9) were used to identify

the diagnosis of IE. Patients were excluded if they were aged younger than

18 years or had received previous valve surgery.

During the study period, 1999 adult patients underwent first-time MV

surgery because of IE. Types of MV surgery were distinguished using

ICD-9-CM procedure codes (35.12 for MV repair; 35.23 and 35.24 for

MV replacement). Patients were more likely to undergo valve replacement

(1575 patients; 78.8%) than repair (424 patients; 21.2%) in our study

population. Longitudinal data for MV repair and replacement revealed

an increase in the proportion of valve repair from 2000 to 2013 (P for

trend ¼ .047; Figure 1, B). To minimize potential selection bias, we

calculated a propensity score from selected variables (Table 1) and

matched each patient in the MV repair group with each patient in the

MV replacement group. Finally, 352 patients from each group were

identified and were eligible for analysis (Figure 1, A).
Baseline Characteristics and Outcomes
The examined demographic characteristics are listed in Table 1. Active

IE was defined as a new diagnosis of IE during the index hospitalization

(Table E3). Hospital level and the hospital’s total volume of valve surgery

and MV repair within the study period were also examined according to

NHIRD claims data. Other surgical details were identified using Taiwan

NHI procedure codes.

The examined outcomes during the index hospitalization are listed in

Table 2. The primary outcome during follow-up was a composite of

all-cause mortality, redo MV surgery, any stroke, major bleeding, and

readmission for heart failure.

Death records and records of withdrawal from the NHI program were

used to identify mortality. This method has been validated in previous

studies.17,18 The date on which a patient was admitted for MV surgery

was defined as the index hospitalization. The patients were followed

from their index hospitalization to December 31, 2013 or date of death,

with a>99% completeness of follow-up.
Statistical Analysis
Before comparing outcomes between the MV repair and MV

replacement groups, we performed propensity score matching to minimize

the selection bias caused by an imbalanced distribution of baseline

characteristics. The propensity score was calculated on the basis of clinical

and surgical characteristics (Table 1 lists all variables, except for follow-up

years), including date of the index hospitalization, which might be related

to the probability of receiving MV repair. Although the number of patients

was considerably greater in the MV replacement group, we adopted a 1:1

matching ratio to ensure higher precision and lower bias of treatment

effects.19 Greedy nearest neighbor matching was performed in which the

caliper width was set as 0.2 of the SD of the logit of the propensity score.20

An absolute standardized mean difference (ASMD) of <0.1 after

propensity score matching was considered to indicate an adequate balance

of the distribution of covariates.21

Data regarding clinical and surgical characteristics are presented as

frequency and proportion for categorical variables or as mean � SD for

continuous variables. We compared the perioperative and in-hospital

outcomes between the MV repair and MV replacement groups using a

McNemar test for categorical parameters (eg, in-hospital mortality) or a

paired sample t test for continuous parameters (eg, volume of transfusion).
gery c October 2018



FIGURE 1. A, Flow chart of patient inclusion and exclusion criteria, and (B) bar chart illustrating the increase in the proportion of mitral valve repair from

2000 to 2013.
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The risks of outcomes related to death (ie, all-cause mortality and

composite end point) were compared between the study groups using a

Cox proportional hazards model. In addition, we compared the risks of

other late outcomes (eg, redo MV surgery, any stroke, major bleeding,

and readmission for heart failure) between the study groups using a

subdistribution hazards model, in which death was considered a competing

risk.22 The Cox model as well as the subdistribution hazards model were

stratified according to the matched pairs. For time to event outcomes, we

performed a sensitivity analysis using doubly robust adjustment.23 The

survival curves were plotted using Kaplan–Meier estimates along with a

log rank test to compare group differences before propensity score

matching. Finally, the proportion of microbiology between the study
The Journal of Thoracic and Car
groups was compared using a McNemar test. Data analysis and propensity

score matching were conducted using SAS version 9.4 (SAS Institute, Inc,

Cary, NC).
RESULTS
Patient Characteristics
Before propensity score matching, patients in the MV

repair group were younger, had a lower prevalence of active
IE, had a lower proportion of urgent or emergent surgery,
and had a lower prevalence of comorbidities including
diovascular Surgery c Volume 156, Number 4 1475



TABLE 1. Clinical and surgical characteristics of the study population before and after propensity score matching

Variable

Before matching After matching

Total (N ¼ 1999)

Mitral valve

repair

(n ¼ 424)

Mitral valve

replacement

(n ¼ 1575) ASMD

Mitral valve

repair

(n ¼ 352)

Mitral valve

replacement

(n ¼ 352) ASMD

Age, y 51.8 � 15.9 49.3 � 16.1 52.4 � 15.8 0.197 50.1 � 15.7 50.7 � 16.1 0.035

Age group

<40 y 499 (25.0) 131 (30.9) 368 (23.4) 0.170 98 (27.8) 96 (27.3) 0.013

40-59 y 842 (42.1) 173 (40.8) 669 (42.5) 0.034 151 (42.9) 148 (42.0) 0.017

�60 y 658 (32.9) 120 (28.3) 538 (34.2) 0.127 103 (29.3) 108 (30.7) 0.031

Male gender 1337 (66.9) 293 (69.1) 1044 (66.3) 0.060 247 (70.2) 246 (69.9) 0.006

Active IE 1539 (77.0) 287 (67.7) 1252 (79.5) 0.270 251 (71.3) 260 (73.9) 0.057

Urgent or emergent surgery 266 (13.3) 37 (8.7) 229 (14.5) 0.182 35 (9.9) 29 (8.2) 0.059

Previous valve disease etiology

Rheumatic heart history 295 (14.8) 52 (12.3) 243 (15.4) 0.092 50 (14.2) 54 (15.3) 0.032

Congenital heart disease 25 (1.3) 8 (1.9) 17 (1.1) 0.067 7 (2.0) 4 (1.1) 0.069

Comorbid conditions

Old stroke 277 (13.9) 63 (14.9) 214 (13.6) 0.036 49 (13.9) 54 (15.3) 0.040

Diabetes mellitus 355 (17.8) 53 (12.5) 302 (19.2) 0.184 48 (13.6) 42 (11.9) 0.051

Hypertension 611 (30.6) 117 (27.6) 494 (31.4) 0.083 98 (27.8) 103 (29.3) 0.031

Heart failure 526 (26.3) 119 (28.1) 407 (25.8) 0.050 99 (28.1) 100 (28.4) 0.006

Coronary arterial disease 406 (20.3) 69 (16.3) 337 (21.4) 0.131 60 (17.0) 59 (16.8) 0.008

Atrial fibrillation 378 (18.9) 82 (19.3) 296 (18.8) 0.014 71 (20.2) 68 (19.3) 0.021

Dialysis 109 (5.5) 13 (3.1) 96 (6.1) 0.145 11 (3.1) 14 (4.0) 0.046

Chronic obstructive

pulmonary disease

98 (4.9) 15 (3.5) 83 (5.3) 0.084 14 (4.0) 15 (4.3) 0.014

Liver cirrhosis 98 (4.9) 22 (5.2) 76 (4.8) 0.017 18 (5.1) 18 (5.1) 0.000

Gastrointestinal bleeding

history

340 (17.0) 61 (14.4) 279 (17.7) 0.091 55 (15.6) 53 (15.1) 0.016

Drug abuse 45 (2.3) 8 (1.9) 37 (2.3) 0.032 7 (2.0) 3 (0.9) 0.096

Charlson total score 2.0 � 2.1 1.7 � 1.8 2.1 � 2.1 0.222 1.7 � 1.9 1.8 � 2.0 0.065

Hospital level

Medical center (teaching

hospital)

1504 (75.2) 390 (92.0) 1114 (70.7) 0.567 318 (90.3) 314 (89.2) 0.038

Regional/district hospital 495 (24.8) 34 (8.0) 461 (29.3) 0.567 34 (9.7) 38 (10.8) 0.038

Center volume of valve surgery

between 2000 and 2013

First quartile (2-515) 503 (25.2) 41 (9.7) 462 (29.3) 0.512 40 (11.4) 27 (7.7) 0.126

Second quartile (614-1519) 507 (25.4) 82 (19.3) 425 (27.0) 0.182 72 (20.5) 76 (21.6) 0.028

Third quartile (2045-2809) 439 (22.0) 95 (22.4) 344 (21.8) 0.014 81 (23.0) 84 (23.9) 0.020

Fourth quartile (3119-4037) 550 (27.5) 206 (48.6) 344 (21.8) 0.583 159 (45.2) 165 (46.9) 0.034

Center volume of MV repair

surgery between 2000 and

2013

First quartile (0-39) 496 (24.8) 17 (4.0) 479 (30.4) 0.747 17 (4.8) 15 (4.3) 0.027

Second quartile (44-89) 481 (24.1) 57 (13.4) 424 (26.9) 0.341 56 (15.9) 49 (13.9) 0.056

Third quartile (100-451) 517 (25.9) 121 (28.5) 396 (25.1) 0.077 111 (31.5) 114 (32.4) 0.018

Fourth quartile (585-858) 505 (25.3) 229 (54.0) 276 (17.5) 0.823 168 (47.7) 174 (49.4) 0.034

Additional valve surgery

Aortic valve replacement

with mechanical prosthesis

206 (10.3) 45 (10.6) 161 (10.2) 0.013 38 (10.8) 39 (11.1) 0.009

Aortic valve replacement

with bioprosthesis

115 (5.8) 52 (12.3) 63 (4.0) 0.306 28 (8.0) 31 (8.8) 0.031

(Continued)
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TABLE 1. Continued

Variable

Before matching After matching

Total (N ¼ 1999)

Mitral valve

repair

(n ¼ 424)

Mitral valve

replacement

(n ¼ 1575) ASMD

Mitral valve

repair

(n ¼ 352)

Mitral valve

replacement

(n ¼ 352) ASMD

Tricuspid valve repair or

replacement

228 (11.4) 56 (13.2) 172 (10.9) 0.070 48 (13.6) 46 (13.1) 0.017

Additional surgery

Coronary arterial bypass

surgery

130 (6.5) 26 (6.1) 104 (6.6) 0.019 23 (6.5) 22 (6.3) 0.012

Aortic surgery 24 (1.2) 9 (2.1) 15 (1.0) 0.095 4 (1.1) 3 (0.9) 0.029

Congenital heart disease

correction

22 (1.1) 7 (1.7) 15 (1.0) 0.062 6 (1.7) 4 (1.1) 0.048

Follow-up year 4.5 � 3.9 4.9 � 4.0 4.4 � 3.9 0.124 5.0 � 4.0 4.6 � 4.0 0.098

ASMD, Absolute standardized mean difference; IE, infective endocarditis; MV, mitral valve.
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diabetes mellitus, coronary arterial disease, and end-stage
renal disease (ASMD > 0.1). Considering hospital level
and experience, medical centers and hospitals with higher
volumes of valve surgery or MV repair were more likely
to perform MV repair, whereas regional and district
hospitals as well as those with less experience had higher
proportions of MV replacement. After propensity score
matching, all baseline characteristics and concomitant
procedures were similar between the MV repair and
replacement groups (ASMD<0.1). Differences in hospital
level and volumes were also minimized (Table 1).

In-Hospital Outcomes
Table 2 shows the in-hospital outcomes of MV repair

versus MV replacement. In the propensity score-matched
samples, the risks of new-onset stroke (6.5% vs
11.4%; P ¼ .036), new-onset ischemic stroke (3.7% vs
8.5%; P ¼ .014), massive blood transfusion (11.4%
vs 20.2%; P ¼ .002), and in-hospital mortality (6.3% vs
10.8%; P ¼ .037) were significantly lower in patients
who received MV repair than in those who received MV
replacement. Compared with those who received MV
replacement, patients who received MV repair had shorter
intensive care unit duration of stay, shorter hospital stays,
and lower in-hospital expenditures.

Late Outcomes
During a mean follow-up of 4.8 years (SD, 4 years), the

rates of the composite end point were 29.3% and 41.2% in
the MV repair and MV replacement groups, respectively
(Table E2). This result indicates a beneficial effect in the
MV repair group versus the MV replacement group
(hazard ratio [HR], 0.62; 95% confidence interval [CI],
0.46–0.850.8; P ¼ .003). The proportions of mortality
were 19.3% and 31% in the MV repair and MV
replacement groups, respectively. A similar result was
observed when comparing group differences, with patients
in the MV repair group having a significantly lower late
The Journal of Thoracic and Car
mortality risk than those in the MV replacement group
(HR, 0.52; 95% CI, 0.37-0.75; P < .001). However, no
statistical difference existed regarding MV reoperation,
stroke, major bleeding, or readmissions caused by heart
failure (Figure 2, A, Table E1). Figure 2, B illustrates the
Kaplan–Meier event-free survival (free from composite
end point) curves derived for the 2 groups.
Subgroup Analysis
To evaluate which patients would benefit fromMV repair

the most (or least), we divided them into subgroups
according to the following characteristics: age, gender,
whether valve surgery was performed during active IE,
urgent or emergent surgery, previous stroke, gastrointestinal
bleeding, rheumatic heart disease, concomitant procedure,
concomitant valve surgery, concomitant aortic valve
replacement with mechanical prosthesis, and hospital
volume of valve surgery and MV repair surgery
(Figure 3). The beneficial effects of MV repair on the
composite end point during follow-up were comparable
across various levels of the selected patient characteristics
(P for interaction,>.05). A trend was noted in which the
beneficial effect of MV repair was less apparent in patients
who received surgery in hospitals with a lower volume of
MV repair; however, this was nonsignificant (P for
interaction, .091).
Patients Who Underwent Valve Surgery During
Active IE and Their Microbiology
We analyzed patients who underwent valve surgery

during active IE before propensity score matching
(Table E3). The results revealed that patients who
underwent MV repair had lower all-cause mortality
during follow-up (P for log-rank test, <.001; Figure 4).
When comparing microbiology, we discovered that patients
with active staphylococcal infections seemed to have a
lower opportunity for MV repair, whereas patients with
diovascular Surgery c Volume 156, Number 4 1477



TABLE 2. In-hospital outcomes: complications and outcomes of the study population during index hospitalization, as determined before and after

propensity score matching

Variable

Before matching* After matchingy

Total

(n ¼ 1999)

Mitral valve

repair

(n ¼ 424)

Mitral valve

replacement

(n ¼ 1575) P

Mitral valve

repair

(n ¼ 352)

Mitral valve

replacement

(n ¼ 352) P

Categorical parameter

Cardiogenic shock and

need mechanical

circulatory support

40 (2.0) 6 (1.4) 34 (2.2) .332 6 (1.7) 6 (1.7) 1.000

New-onset any stroke 180 (9.0) 26 (6.1) 154 (9.8) .020 23 (6.5) 40 (11.4) .036

New-onset ischemic

stroke

138 (6.9) 16 (3.8) 122 (7.7) .004 13 (3.7) 30 (8.5) .014

New-onset

hemorrhagic stroke

54 (2.7) 11 (2.6) 43 (2.7) .878 11 (3.1) 15 (4.3) .557

Re-exploration for

bleeding

52 (2.6) 13 (3.1) 39 (2.5) .498 12 (3.4) 8 (2.3) .503

Packed red blood cell

transfusion>10 U

399 (20.0) 48 (11.3) 351 (22.3) <.001 40 (11.4) 71 (20.2) .002

De novo dialysis 151 (7.6) 17 (4.0) 134 (8.5) .002 15 (4.3) 27 (7.7) .065

Deep wound infection 28 (1.4) 3 (0.7) 25 (1.6) .171 3 (0.9) 5 (1.4) .727

In-hospital mortality 193 (9.7) 23 (5.4) 170 (10.8) .001 22 (6.3) 38 (10.8) .037

Continuous parameter

Packed red blood cell

transfusion, U

7.2 � 7.8 5.0 � 5.3 7.7 � 8.3 <.001 5.1 � 5.4 7.0 � 7.2 <.001

Fresh frozen plasma, U 5.7 � 7.6 4.0 � 6.0 6.1 � 7.9 <.001 4.2 � 6.4 5.2 � 6.4 .033

Platelets, U 11.8 � 16.8 9.7 � 14.6 12.3 � 17.3 .004 9.9 � 15.0 11.3 � 16.6 .258

Intensive care unit stay,

d

9.1 � 12.0 5.7 � 8.7 10.0 � 12.6 <.001 5.9 � 9.1 8.9 � 12.0 <.001

In-hospital stay, d 38.6 � 26.7 33.1 � 23.0 40.1 � 27.4 <.001 33.7 � 23.3 39.1 � 25.2 .003

In hospital cost, US$

3103
19.1 � 10.2 15.8 � 9.1 20.0 � 10.3 <.001 16.0 � 9.3 19.3 � 10.4 <.001

*c2 Test for categorical variables and independent 2-sample t test for continuous variables. yMcNemar test for categorical variables and paired sample t test for continuous vari-

ables.
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streptococcal infections had contrary results (Figure E1).
However, the differences were not statistically significant.
DISCUSSION
Since the first series in 1990,24 cardiac surgeons world-

wide have been attempting to answer the question of
whether valve repair or replacement is better for patients
with MV-IE; nevertheless, no solid conclusions have been
reached. In retrospective studies that compared MV repair
and replacement in patients with IE, patients in replacement
groups were usually older, had more comorbidities, and
were more critically ill preoperatively because of
congestive heart failure or uncontrolled sepsis.9,10,13

Hence, the outcomes were influenced not only by surgical
procedures, but also by baseline conditions. However,
conducting a randomized control trial is nearly impractical
because of variable degrees of valve destruction,
varying clinical conditions, and ethical concerns. To the
best of our knowledge, this study is the first to compare
MV repair and replacement for patients with IE using
propensity score matching. With this method, we
1478 The Journal of Thoracic and Cardiovascular Sur
minimized differences in baseline patient conditions and
hospital factors. Despite similar baseline characteristics,
perioperative and late outcomes were significantly
improved after MV repair than replacement in our study.
Repair Versus Replacement
The beneficial effect of MV repair can be attributed to 2

reasons. First, when the integrity of the mitral apparatus is
preserved, left ventricular function is preserved more
effectively.25 Second, MV repair avoids the inherent risks
of prosthetic heart valves. If a mechanical valve is
implanted, thromboembolism or anticoagulant-induced
hemorrhage might occur. If a bioprosthetic valve is used,
structural deterioration is inevitable. Several studies have
shown better short- and long-term outcomes after MV
repair than replacement, even in elderly patients.6,7,26,27

Although not statistically significant, we showed the
trend that MV repair is related to a reduction in readmission
for heart failure, stroke, major bleeding, and redo MV
surgery during follow-up. As an accumulation of all of
the aforementioned events, the composite end point and
gery c October 2018



FIGURE 2. Late outcomes illustrated by a Forrest plot (A) and Kaplan–Meier curve (B) showing event-free survival during follow-up.MV, Mitral valve;

CI, confidence interval.
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all-cause mortality during follow-up were significantly
lower in the MV repair group than in the MV replacement
group. This finding indicates that MV repair provides
greater improvements to late outcomes than MV
replacement for IE patients.

Subgroup Analysis
Through subgroup analysis, we discovered that the

beneficial effect of MV repair on the composite end point
during follow-up was significant regardless of patient age,
gender, or active or treated IE status. On the contrary, we
found that patients who received surgery in hospitals with
the highest valve surgery volumes benefited from MV
repair significantly, whereas those who received surgery
The Journal of Thoracic and Car
in the lowest volume hospitals did not. Moreover, in
hospitals within the lowest MV repair volume quartile,
patients who underwent MV replacement seemed to have
lower numerical risk of the composite end point.
Published articles have indicated higher MV repair rates

and lower mortality in high-volume centers than in
low-volume centers.28 In our study, the repair rates in
centers with high MV repair volumes were significantly
higher than those in centers with low volumes (54.0% vs
4.0%; P<.01). Furthermore, the outcomes of MV repair
performed in low-volume hospitals did not outperform
those of MV replacement. This finding supports our belief
that for patients with IE, an experienced team specialized
in MV repair surgery is crucial to a successful repair.
diovascular Surgery c Volume 156, Number 4 1479



FIGURE 3. Forest plot showing risks of composite end point during follow-up in different subgroups. MV, Mitral valve; CI, confidence interval;

IE, infective endocarditis; GI, gastrointestinal; AVR, aortic valve replacement.

Adult: Mitral Valve Lee et alA
D
U
L
T

MV Repair in the Real World
Despite the well known benefits of MV repair over

replacement and guideline suggestions,29 the proportion
of MV repair in patients with IE remains low. Gammie
et al reported a 29.7% frequency of MV repair for patients
1480 The Journal of Thoracic and Cardiovascular Sur
with IE between 1994 and 2003 in the United States.8

During the same period, the MV repair rate was 45.7% in
non-IE cases. Moreover, in the last year of their study
period, the frequency rates of mitral repair for IE
and non-IE patients were 34.5% and 59.8%, respectively.
gery c October 2018



FIGURE 4. Kaplan–Meier curve showing late all-cause mortality of patients with active infective endocarditis. MV, Mitral valve.

Lee et al Adult: Mitral Valve

A
D
U
L
T

In our study, the overall frequency of MV repair for IE in
Taiwan during the 13-year period was 21.2%, and the
frequency of MV repair in lowest-volume quartile
hospitals was<10%. Although the proportion of MV repair
has been increasing, it never exceeded 30% in our study
period.

Unlike degenerative MV disease, endocarditis can cause
severe destruction of leaflet and paravalvular structures,
thus increasing the complexity and difficulty of valve repair.
The frailty of the valve in patients with IE also raises
concerns about the long-term durability of the repair.
However, some authors have reported an MV repair rate
of 75% to 82.7% in patients with IE with preferable
results.12,30-32 Because the benefit of MV repair in IE has
been shown, a repair-first strategy for MV surgery must
be incorporated for patients with IE; early referral to centers
specialized in valve surgery canmaximize the probability of
successful repair and optimize patient outcome.
Study Limitations
This study has some limitations because of the

administrative nature of the NHIRD. First, the diagnosis
of IE was strictly on the basis of the ICD-9-CM system.
Coding errors or misclassifications were possible.
However, other studies have indicated that these codes
are reliable substitutes for chart-based IE diagnosis on
the basis of the revised Duke criteria.33,34 Validation
analysis also revealed good agreement between the
coded IE diagnosis in Taiwan’s NHIRD and that of
clinically definite or possible IE in a tertiary center in
Taiwan.35 Furthermore, the type of MV surgery was
doubly confirmed according to ICD-9-CM and NHI
procedure codes. Therefore, we believe our study design
The Journal of Thoracic and Car
to be reliable and the effects of code errors on our
conclusions to be limited.
Second, several detailed clinical and surgical data are

not available in the NHIRD, including lab data, ventricular
ejection fraction, mitral regurgitation severity, heart failure
symptoms, surgical indication and timing, antibiotics
course, infection control status, MV repair techniques,
and prosthetic valve brand and size, which might have
influenced patient outcomes and our analysis. However,
the NHI program has strict regulations regarding
surgery, examination, and medication reimbursements.
Comprehensive reviews of all medical records including
imaging studies and lab data ensure that specific exams
or interventions are granted only to patients who are
indicated. Thus, national regulation by universal indication
of treatment protocols could limit the potential bias of
unavailable data.
Third, our study is observational in nature and the

evidence level was limited by the database post hoc
analysis. Despite adjustments for known confounders by
using propensity score matching, unaddressed residual
biases remain, including the aforementioned hemody-
namics status, echocardiographic parameters, and extent
of MV involvement. MV replacement might be more
likely to be performed in cases in which the valve is
more severely affected and the larger extent of the
disease rather than the procedure itself can explain
worse outcomes. Therefore, we could only investigate
associations but could not infer causation.
CONCLUSIONS
According to this nationwide population-based propen-

sity score-matching study, MV repair for patients with IE
diovascular Surgery c Volume 156, Number 4 1481



VIDEO 1. The study’s lead author speaks about the study’s purpose,

results, and conclusion of its findings. Video available at: https://www.

jtcvs.org/article/S0022-5223(18)31051-1/fulltext.
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has better perioperative and late outcomes compared with
MV replacement. However, the beneficial effects of MV
repair are uncertain in hospitals with lower MV repair
volumes. Therefore, MV repair performed by an
experienced team specialized in valve surgery rather than
MV replacement is recommended for IE patients whenever
possible, even with an active infection status (Video 1).
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FIGURE E1. Microbiology of patients who underwent mitral valve (MV)

surgery during active infective endocarditis.

TABLE E1. Primary outcomes during follow-up, as determined using a doubly robust estimator (sensitivity analysis)

Outcome

Event, n (%) Risk difference*: MV replacement - MV repair

MV repair (n ¼ 352) MV replacement (n ¼ 352) Mean Variance SD

All-cause mortality 68 (19.3) 109 (31.0) 0.0270 0.0088 0.0936

Composite end pointy 103 (29.3) 145 (41.2) 0.0196 0.0022 0.0468

Redo mitral valve surgery 7 (2.0) 13 (3.7) 0.0303 0.2135 0.4621

Any stroke 22 (6.3) 31 (8.8) 0.0311 0.0691 0.2628

Major bleeding 20 (5.7) 30 (8.5) 0.0344 0.1499 0.3872

Readmission for heart failure 14 (4.0) 18 (5.1) 0.0349 0.2599 0.5098

MV, Mitral valve. *Estimated survival probability at 14-year follow-up. yComposite end point, comprising 1 or more of the following: redo mitral valve surgery, stroke, major

bleeding, readmission for heart failure, and all-cause mortality.
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TABLE E2. New-onset stroke during index hospitalization and primary outcomes during follow-up, stratified according to study group

Outcome

Event, n (%) OR or HR (95% CI), P value

Repair

(n ¼ 352)

Replacement

with

mechanical

valve

(n ¼ 221)

Replacement

with

bioprosthetic

valve

(n ¼ 131)

Repair vs

replacement

with mechanical

valve

Repair vs

replacement

with bioprosthetic

valve

Replacement with

mechanical valve vs

replacement with

bioprosthetic valve

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Complications during index

hospitalization

New-onset any stroke 23 (6.5) 25 (11.3) 15 (11.5) 0.55 (0.30-0.99) .047 0.54 (0.27-1.07) .078 0.99 (0.50-1.95) .969

New-onset ischemic stroke 13 (3.7) 17 (7.7) 13 (9.9) 0.46 (0.22-0.97) .041 0.35 (0.16-0.77) .009 0.76 (0.36-1.61) .470

New-onset hemorrhagic

stroke

11 (3.1) 10 (4.5) 5 (3.8) 0.68 (0.28-1.63) .388 0.81 (0.28-2.39) .706 1.20 (0.40-3.57) .751

Primary outcomes during

follow-up

Composite end point* 103 (29.3) 93 (42.1) 52 (39.7) 0.72 (0.54-0.95) .019 0.60 (0.43-0.83) .002 0.83 (0.59-1.17) .296

All-cause mortality 68 (19.3) 68 (30.8) 41 (31.3) 0.64 (0.46-0.90) .009 0.51 (0.35-0.76) <.001 0.80 (0.54-1.18) .266

Redo mitral valve surgeryy 7 (2.0) 7 (3.2) 6 (4.6) 0.69 (0.25-1.96) .489 0.38 (0.13-1.14) .084 0.55 (0.19-1.61) .277

Any strokey 22 (6.3) 25 (11.3) 6 (4.6) 0.61 (0.35-1.07) .086 1.19 (0.48-2.95) .705 1.96 (0.81-4.72) .136

Major bleedingy 20 (5.7) 23 (10.4) 7 (5.3) 0.59 (0.33-1.07) .082 0.95 (0.40-2.25) .907 1.61 (0.69-3.74) .268

Readmission for heart

failurey
14 (4.0) 12 (5.4) 6 (4.6) 0.82 (0.38-1.77) .608 0.77 (0.30-1.98) .585 0.94 (0.36-2.48) .900

OR, Odds ratio; HR, hazard ratio; CI, confidence interval. *Composite end point, comprising 1 or more of the following: redo mitral valve surgery, stroke, major bleeding, re-

admission for heart failure, and all-cause mortality. yCompared using a subdistribution hazard model in which all-cause mortality was considered to be a competing risk.

TABLE E3. Baseline characteristics of patients with active IE and treated IE

Variable Total (N ¼ 1999) Active IE (n ¼ 1539) Treated IE (n ¼ 460) ASMD

Surgery type

Mitral valve repair 424 (21.2) 287 (18.6) 137 (29.8) 0.262

Mitral valve replacement 1575 (78.8) 1252 (81.4) 323 (70.2) 0.262

Age, y 51.8 � 15.9 51.0 � 16.3 54.3 � 14.0 0.221

Age group

<40 y 499 (25.0) 423 (27.5) 76 (16.5) 0.267

40-59 y 842 (42.1) 630 (40.9) 212 (46.1) 0.104

�60 y 658 (32.9) 486 (31.6) 172 (37.4) 0.123

Male gender 1337 (66.9) 1023 (66.5) 314 (68.3) 0.038

Comorbid conditions

Stroke 277 (13.9) 196 (12.7) 81 (17.6) 0.136

Diabetes mellitus 355 (17.8) 279 (18.1) 76 (16.5) 0.042

Hypertension 611 (30.6) 432 (28.1) 179 (38.9) 0.231

Heart failure 526 (26.3) 293 (19.0) 233 (50.7) 0.703

Coronary arterial disease 406 (20.3) 278 (18.1) 128 (27.8) 0.234

Atrial fibrillation 378 (18.9) 185 (12.0) 193 (42.0) 0.716

Dialysis 109 (5.5) 101 (6.6) 8 (1.7) 0.244

Chronic obstructive

pulmonary disease

98 (4.9) 69 (4.5) 29 (6.3) 0.081

Liver cirrhosis 98 (4.9) 73 (4.7) 25 (5.4) 0.031

Gastrointestinal bleeding

history

340 (17.0) 252 (16.4) 88 (19.1) 0.072

Drug abuse 45 (2.3) 39 (2.5) 6 (1.3) 0.090

Charlson total score 2.0 � 2.1 1.9 � 2.1 2.2 � 2.1 0.128

IE, Infective endocarditis; ASMD, absolute standardized mean difference.
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