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Abstract
Background  Mitral valve repair has been proved to provide better outcomes when compared with replacement in degenera-
tive disease. However, it is still unclear that benefits of repair still remain in active endocarditis. Patient clinical conditions 
and severity of tissue destruction might limit successful durable repair.
Methods  Of all 247 patients who received surgery during active phase of native left-sided endocarditis from Jan 2006 to 
Dec 2017, 114 had mitral valve procedures due to active infection of mitral valve apparatus (38 repair and 76 replacement). 
Perioperative data and mid-term outcomes were retrospectively compared.
Results  Mean age was 46.4 years old. Repair group had significantly less patients with NYHA class IV (18.4% vs 56.6%, 
p = 0.001). Both groups had preserved ejection fraction but accompanied by severe pulmonary hypertension. Major organ-
ism was streptococci (50%) and timing of surgery was 11 days after diagnosis. Bypass and cross-clamp time were similar 
but repair group had significantly less combined procedures. Bi-leaflet involvement was common (47.4% vs 57.6%) and 
valve lesions were comparable. There was 13.2% of postoperative moderate to severe mitral regurgitation in repair group 
without recurrent endocarditis. Repair group tended to have better 5-year survival estimates (91.6% vs 70.0%, p = 0.08) with 
comparable reoperation rate (7.9% vs 2.6%). By logistic regression analysis, mitral valve replacement was more likely to be 
performed in patients with decompensated heart failure and combined procedures.
Conclusions  Mitral valve repair during active endocarditis can be safely performed with good mid-term outcomes, especially 
in selected group of patients without extremely high surgical risk.
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Introduction

Mitral valve repair has been continuously developed and 
evolved for decades [1]. It has been proved to provide excel-
lent long-term outcomes and be considered as treatment of 
choice for degenerative mitral valve disease [2]. However, 
uncertainty remains on more challenging conditions such as 
active infective endocarditis (IE) [3, 4].

With previous research and recent guidelines [5, 6], early 
surgery should be applied for patients with active, left-sided 
infective endocarditis to prevent clinical deterioration and 
embolization [7]. But questions to be answered are what 
is the feasibility and durability of mitral valve repair dur-
ing active phase when there are more serious clinical con-
ditions and sicker patients. Will benefits of repair remain 
while mitral valve tissues are edematous, fragile, and dif-
ficult to handle, especially when compared with mitral valve 
replacement.

Patients and methods

Retrospective review was conducted in our institution among 
patients who underwent heart valve surgery during active 
phase (during course of antibiotics) from January 2007 to 
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December 2017 (Fig. 1). Inclusion criteria were age older 
than 18 with left-sided native valve endocarditis. Patients 
were excluded if they had completed course of antibiotics 
or prosthetic valve endocarditis (PVE).

Those patients who underwent mitral valve procedures 
were selected and divided to mitral valve repair and replace-
ment groups. We further excluded patients who had only 
isolated ring annuloplasty from repair group in order to com-
pare only those who had direct involvement of IE to mitral 
apparatus. In the final, there were 38 patients in repair group, 
compared to 76 patients in replacement group.

Data records were collected including preoperative char-
acteristics, clinical status, microbiology, echocardiographic 
findings, mitral valve lesions and extents of involvement, 
timing of surgery, operative details including mitral valve 
repair techniques, and operative mortality. Patient status was 
obtained during follow-up period including survival, recur-
rence of IE or mitral regurgitation, and re-intervention. This 
study was approved by the ethics committee at Chiang Mai 
University (065/2562). The need of informed consent was 
waived because this was a retrospective study.

Statistical analysis

Categorical variables were reported as frequency (percent) 
and continuous variables were reported as mean ± stand-
ard deviation (SD) or median (interquartile range—IQR) 
depending on data distribution. The Fisher’s exact test was 
used to compare categorical variables and Student’s t test 
or rank-sum test was used to compare continuous variable 
between groups.

The correlation between mitral valve procedures (repair 
vs replacement) and mid-term outcomes (overall survival, 
re-intervention, and postoperative moderate to severe MR) 
was analyzed by multilevel survival analysis stratified by 
propensity score and shown with Kaplan–Meier curve.

Propensity score was calculated by logistic regression 
analysis method evaluating confounding by indication/
contraindication between mitral valve replacement and 
mitral valve repair. The variables included age, gender, 
New York Heart Association (NYHA) functional class, 
creatinine clearance, preoperative mechanical ventilator, 
preoperative inotropic usage, preoperative persistent sep-
sis, preoperative end-organ damage, presence of vegetation 
and/or large area of destruction of mitral valve, preopera-
tive pulmonary artery pressure (PAP), grading of mitral 
valve stenosis, tricuspid regurgitation, and underlying 
rheumatic heart disease (RHD).

Odds ratios of correlation between variables and mitral 
valve replacement to be more likely performed were calcu-
lated by logistic regression analysis and reported with 95% 
confidence interval (95% CI). All statistical calculations 
were performed through STATA version 15.1.

Results

Preoperative characteristics

Patients were young (mean age 46.4 years old) and pre-
dominantly male gender (68.4%). There was no difference 
in age, gender, renal dysfunction, previous stroke, embo-
lization, and persistent sepsis between groups (Table 1). 
Replacement group was sicker due to worse functional 
class (NYHA class IV 18.4% in repair group VS 56.6% in 
replacement group, p = 0.001), more preoperative mechan-
ical ventilation and inotropic support. European System 
for Cardiac Operative Risk Evaluation (EuroSCORE 
II) was also significantly higher for replacement group 
(median score 3.2 vs 9.5, p = 0.007). Left ventricular ejec-
tion fraction (LVEF) was preserved in both groups (64.6% 
vs 63.4%), while estimated pulmonary artery pressure was 
comparably high (50.0 mmHg vs 57.8 mmHg).

Streptococcus species were major causative organisms 
(53% vs 51%) while one-third of patients had culture-
negative results. 60% of patients underwent surgery dur-
ing first to second weeks after diagnosis and median time 
from diagnosis to surgery was similar at 11–12 days. Only 
11.4% received emergency surgery in the first 24 h after 
diagnosis (Fig. 2).

There were 11 preoperative cerebral embolization/
complications (7 infarction, 2 parenchymal lesions, and 
2 intracerebral hemorrhage with mycotic aneurysm). The 
median timing of surgery in this group was 10.5 days, 
although surgery was delayed to 22 and 42  days in 2 
patients who had intracerebral hemorrhage.

Fig. 1   Patient selection. IE infective endocarditis, MV mitral valve
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Surgical findings

Bi-leaflet or/and commissural involvement was the most 
common presentation, followed by isolated anterior leaflet 
involvement. Among recorded mitral valve lesions, repair 
group had significantly less proportion of vegetations (50.0% 
vs 76.3%) and peri-annular extension (2.6% vs 17.1%) 
(Table 2).

Operative details and mitral valve reconstruction 
techniques

Both groups had comparable cardiopulmonary bypass 
time, and aortic cross-clamp time (140 and 111  min, 
respectively). Active endocarditis involvement to aortic 
valve and concomitant aortic valve replacement were 
presented in 44.7% vs 48.7% of patient in each group. 

Table 1   Preoperative 
characteristics

EuroSCORE European System for Cardiac Operative Risk Evaluation, HACEK Haemophilus, Aggregati-
bacter, Cardiobacterium, Eikenella, Kingella, IABP Intra-Aortic Balloon Pump, MV mitral valve, NYHA 
New York Heart Association

Preoperative characteristics MV repair N = 38 MV replacement N = 76 p value

Age (year), mean ± SD 44.1 ± 15.8 47.5 ± 15.0 0.269
Male gender 21 (55.3%) 57 (75.0%) 0.053
NYHA classification 0.001
 I 6 (15.8%) 6 (7.9%)
 II 11 (29.0%) 10 (13.2%)
 III 14 (36.8%) 17 (22.4%)
 IV 7 (18.4%) 43 (56.6%)

EuroSCORE II 0.007
 Median (IQR) 3.2 (2.1–5.0) 9.5 (2.7–18.2)
 Min–max 1.2–41.4 1.2–32.0

Creatinine clearance (mg/dL), mean ± SD 68.4 ± 30.0 58.1 ± 28.7 0.080
Acute hemodialysis 1 (2.6%) 7 (9.2%) 0.483
Mechanical ventilation 5 (13.2%) 31 (40.8%) 0.003
Inotropic support 7 (18.4%) 31 (40.8%) 0.021
IABP support 1 (2.6%) 8 (10.5%) 0.268
Ventricular arrhythmia/arrest 1 (2.6%) 3 (4.0%) 1.000
Embolization 10 (26.3%) 13 (17.1%) 0.322
 Cerebral emboli/stroke 3 (7.9%) 8 (10.5%)
 Peripheral emboli 6 (15.8%) 3 (3.9%)
 Coronary emboli 1 (2.6%) 2 (2.6%)
 Persistent sepsis 7 (18.4%) 28 (36.8%) 0.054
 Ejection fraction (%) 64.6 ± 10.4 63.4 ± 10.1 0.548
 Estimated pulmonary artery pressure (mmHg) 50.0 ± 18.4 57.8 ± 18.3 0.069

Microbiology 0.133
 Streptococcus 20 (52.6%) 37 (50.7%)
 Staphylococcus 4 (10.5%) 1 (1.4%)
 Enterococcus 1 (2.6%) 5 (6.9%)
 HACEK group 0 5 (6.9%)
 Fungus 1 (2.6%) 1 (1.4%)
 Culture-negative 12 (31.6%) 24 (32.9%)

Fig. 2   Timing of surgery. MV mitral valve
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Replacement group tended to receive more other addi-
tional procedures (31.6% vs 47.4%, p = 0.059). The most 
common additional non-endocarditis-related procedure 
was tricuspid valve repair (13.2% vs 35.5%).

Most common reconstructive technique was leaflet 
resection (triangular or quadrangular) and re-approxima-
tion, followed by chordal replacement with polytetrafluor-
oethylene (PTFE neo-chords), and glutaraldehyde-treated 
autologous pericardial patch reconstruction (47.4%, 
42.1%, and 42.1%, respectively). Other minor techniques 
included delamination/peeling of infective membrane, 
rheumatic repair techniques such as commissurotomy 
and chordal release in those who had underlying rheu-
matic mitral valve disease. Complete ring annuloplasty 
was applied in 79.0% of patients, partial posterior band 
in 10.5%, and without annuloplasty in 10.5%.

Operative mortality and mid‑term survival

Postoperative intensive care unit (ICU) stay was fewer in 
mitral valve repair group (median, 1 day vs 2 days, p = 0.001) 
but overall postoperative hospital stay was not different 
between groups (median, 7.5 days vs 10 days, p = 0.238). 
There was 1 operative mortality (2.6%) in repair group, non-
statistically different from 8 deaths (10.5%) in replacement 
group (p = 0.268). The causes of 9 operative deaths were 
from 4 severe low cardiac outputs, 3 malignant arrhythmia, 
and 2 new cerebral bleeding. 3 patients developed new cer-
ebral bleeding after surgery without prior cerebral emboli 
and 2 of them died. In contrast, no patient with prior cerebral 
emboli developed new hemorrhagic infarction.

Median follow-up time was 33.2 months for repair group 
and 40.9 months for replacement group. Overall observed 

Table 2   Surgical findings and 
operative details

Na not applicable, PTFE polytetrafluoroethylene

Surgical findings MV repair N = 38 MV replacement 
N = 76

p value

Location of leaflet involvement 0.161
 Anterior mitral leaflet 13 (34.2%) 24 (36.4%)
 Posterior mitral leaflet 7 (18.4%) 4 (6.1%)
 Bi-leaflet and/or commissure 18 (47.4%) 38 (57.6%)

Mitral valve lesions
 Perforation 13 (34.2%) 17 (22.4%) 0.185
 Vegetation 19 (50.0%) 58 (76.3%) 0.006
 Chordal rupture 15 (39.5%) 22 (28.9%) 0.292
 Large area of leaflet destruction 10 (26.3%) 34 (44.7%) 0.068
 Peri-annular extension 1 (2.6%) 13 (17.1%) 0.033
 Underlying rheumatic process 3 (7.9%) 16 (21.3%) 0.109

Operative details
 Cardiopulmonary bypass time (mins) 135 ± 39 140 ± 65 0.681
 Aortic cross-clamp time (mins) 111 ± 32 111 ± 56 0.965
 Concomitant aortic valve replacement (pres-

ence of aortic valve endocarditis)
17 (44.7%) 37 (48.7%) 0.562

Other additional procedures 12 (31.6%) 36 (47.4%) 0.059
 Tricuspid valve repair 5 (13.2%) 27 (35.5%)
 Coronary artery bypass 4 (10.5%) 4 (5.3%)
 Aortic root replacement 1 (2.6%) 2 (2.6%)
 Failed mitral valve repair 0 4 (5.3%)
 Others 4 (10.5%) 7 (9.2%)

Mitral valve reconstructive techniques
 Annuloplasty (ring and band) 34 (89.5%) na
 Leaflet resection and re-approximation 18 (47.4%) na
 PTFE neo-chords 16 (42.1%) na
 Pericardial patch reconstruction 16 (42.1%) na
 Debulking/delamination/peeling 6 (15.8%) na
 Others 3 (7.9%) na
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mortality was 5 deaths (13.2%) in repair group versus 21 
deaths (27.6%) in replacement group, p = 0.100. Overall 
survival estimates between groups using Kaplan–Meier 
curves were not statistically different as shown in Fig. 3. 
65.4% of late death were related to cardiac or valvular 
causes, while 15.4% were from non-cardiac-related causes 
such as stroke and sepsis. The reason for mortality could 
not be identified in 19.2% due to lack of exact information.

Mitral regurgitation, recurrent endocarditis, 
and re‑intervention

5 patients (13.2%) in repair group had more than mild 
residual mitral regurgitation (3 moderate, 2 severe MR), 
significantly higher in comparison with 1 patient (1.5%) 
in replacement group, p < 0.0001. Of all 5 patients who 
had residual moderate–severe MR in repair group, 4 were 
firstly documented to have only mild MR intraoperatively 

Fig. 3   Kaplan–Meier curve for 
overall survival estimates and 
freedom from re-intervention 
between mitral valve repair and 
replacement
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but postoperative or follow-up echocardiogram showed 
worsen degree of MR. 4 had initial bi-leaflet or commissure 
involvement by infection. 1 patient underwent reoperation 
while the others have been medically treated and followed. 
Recurrent infective endocarditis was lower in repair group 
(0% vs 6.6%).

Overall re-interventions were 3 (7.9%) in repair group 
versus 2 (2.6%) in replacement group. The reasons for each 
reoperation in repair group were residual MR, progression 
of mitral stenosis, and newly developed aortic regurgita-
tion. The reasons for each reoperation in replacement group 
were prosthetic valve endocarditis (PVE) and prosthetic 
valve dysfunction. Kaplan–Meier curves for freedom from 
re-intervention were comparable (Fig. 3).

Correlation between type of surgery and outcomes

Multilevel survival analysis stratified by propensity score 
using adjusted hazard ratio (HR) and 95% confidence 
interval (CI) showed non-significant correlation between 
type of surgery (MV replacement versus repair) and mid-
term outcomes including overall mortality (HR 2.0, 95% 
CI 0.73–5.54, p = 0.180), re-intervention (HR 0.36, 95% 
CI 0.06–2.14, p = 0.260), and residual moderate to severe 
mitral regurgitation, although there was trend toward less 
likelihood of residual mitral regurgitation with mitral valve 
replacement (HR 0.38, 95% CI 0.13–1.12, p = 0.081).

Factors associated with mitral valve replacement 
in active IE

From logistic regression analysis, mitral valve replacement 
was to be more likely performed when patient presented with 
NYHA functional class IV and when there were additional 
combined procedures. While the mitral valve lesions such 
as vegetations, area of leaflet destruction, and peri-annular 
extension were not significantly associated with decision to 
replacement as shown in Table 3.

Discussion

Our results probably represented situations of surgery in 
active, native, mitral valve endocarditis in our region—
Thailand and Southeast Asia. Patients were in young age 
group—30–60 years old, predominantly (45–50%) infected 
by streptococci group in both aortic and mitral valve with 
a median timing of surgery between 1 and 2 weeks after 
antibiotics/diagnosis. Although patients were in devastat-
ing conditions (50% of NYHA IV), outcomes of surgery 
were acceptable with the overall operative mortality of 
7.9% and mitral valve repair could be possible in selected 
patients of 33.3%. Retrospectively, patients in replacement 
group tended to have worse preoperative risks, especially 
decompensated heart failure and more additional combined 
procedures. For mid-term (5-year) outcomes, repair group 
predictably had more residual MR but no difference in reop-
eration rate. There was non-significant trend toward better 
survival in repair group (91.6% vs 72.0%, p = 0.081). Type 
of surgery between repair and replacement had no corre-
lation with these outcomes when using multilevel analysis 
stratified by propensity score.

Because our institute is a surgical referral center, this 
might reflect why there were high rates of culture nega-
tive IE (33%) and why median timing of surgery was at 
11–12 days. Most patients were initially treated with anti-
biotics in primary hospitals before definite IE diagnosis has 
been made. This precluded the chance of positive cultures 
and early surgical intervention as urgent basis (in the first 
week after diagnosis/antibiotics) as emphasized by interna-
tional guidelines [5, 6]. Postoperative antimicrobial treat-
ment was also more difficult to judge. In those who had 
preoperative cerebral complications, timing of surgery was 
considered in the same basis at 10.5 days except when com-
plication was cerebral hemorrhage; surgery was deferred to 
4–6 weeks when hemorrhage was resolved.

The rate of successful repair was 33.3% (38 in 114) in 
our series when mitral apparatus was actively involved by 

Table 3   Odds ratio of mitral 
valve replacement to be more 
likely performed calculated by 
logistic regression analysis

Preoperative and intra-operative factors Odds ratio (OR) 95% Confidence 
interval (CI)

p value

Male 2.72 0.77–9.65 0.119
NYHA class IV 25.55 2.91–223.55 0.003
Creatinine clearance 0.98 0.96–1.01 0.351
Preoperative inotropic support 1.22 0.16–9.47 0.852
Persistent sepsis 3.53 0.82–15.30 0.091
Vegetations 2.16 0.56–8.28 0.264
Large area of leaflet destruction 2.00 0.49–8.17 0.335
Peri-annular extension 9.97 0.56–179.04 0.118
Additional combined procedures 35.84 7.01–183.22 0.001
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endocarditis, excluding those patients who had only mitral 
annuloplasty alone due to secondary annular dilation from 
severe aortic valve regurgitation. The rate of successful 
mitral valve repair in active IE varies differently among 
previous literatures [8, 9] from 15% up to 100%. These non-
uniform numbers might reflect differences and changes in 
patient status, surgical concepts, endocarditis approaches, 
technical expertise, and also repair enthusiasm from time to 
time among centers. Reported individual series might not 
represent “real-world” situation as shown by Toyoda et al. 
[10] that the rate of repair from all centers in New York and 
California states was 19% (with individual surgeon range 
from 0 to 84%). Regarding valve lesions, repair group had 
less vegetations and peri-annular extension. This would 
reflect selection bias that we did not really challenge repair 
in the most difficult lesions to avoid long operative time in 
high-risk population.

Our studies also made a small exploration on which fac-
tors that could drive decision toward mitral replacement than 
repair. It looks like patient risk status including decompen-
sated heart failure and additional combined procedures had 
more influences than valve lesions or extension of infection. 
As shown by previous studies, surgical mortality rates rise 
higher when patients’ NYHA functional class worsen and 
emergency surgery should be considered in those who have 
refractory pulmonary edema [11, 12]. With these reasons, 
surgeons were likely predisposed to select quicker opera-
tion such as valve replacement to save patients’ life as first 
priority [13].

Although previous systematic review [14] and reports 
from the western countries such as Ruttmann et al. [15] and 
Solari et al. [16] have shown significant survival benefits 
after mitral repair in comparison to replacement during 
active IE, in contrast, we could not clearly identify the same 
benefit—just trend toward better survival in repair group. 
These findings are almost the same as reports from eastern 
countries such as Miura et al. [17] and Jung et al. [18]. This 
suggests that survival differences could be from multifac-
torial factors including ethnics, underlying mitral etiology 
(rheumatic vs degenerative), timing of surgery, causative 
organism, and severity of infection.

Durability of mitral valve repair during active IE might 
be compromised when compared to degenerative disease. 
This could lead to residual mitral regurgitation and re-inter-
vention. The rate of re-intervention varies from 4 to 13% at 
3–5 years and most studies [19] homogenously found that 
freedom from re-intervention was similar for both repair and 
replacement. Our study also found 7.9% re-intervention rate 
and comparable freedom from re-intervention.

Among various techniques [20, 21] that have been devel-
oped to reconstruct the destroyed leaflet tissues/commis-
sures and maintain the adequacy of coaptation surfaces, 
pericardial patch reconstruction is the commonly used at 

least in 30–40% of patients with active mitral valve IE [17]. 
Whether the use of patch techniques reduces the durability 
of repair or not is the main question. Those who had sig-
nificant residual MR in our series initially presented with 
bi-leaflet or commissural involvement that required the use 
of patch reconstruction. Although recent evidences [16] sup-
port the inferiority long-term outcomes of patch techniques, 
we believe that there are variabilities with this technique 
including patch type, location, extent of reconstruction, 
surgical experience and expertise. Further studies might be 
necessary to clarify this area.

Limitations

There were many limitations in our study. By nature of 
retrospective review, the data completeness and reliability 
might be compromised. Patient selection bias by surgeon 
was always presented as sicker patients tended to receive 
replacement in the fear of prolonged operative time. Our 
series had small numbers and the follow-up time was still 
short. Results could be different when sample size increases 
and follow-up time is longer. Also, there are always changes 
and improvement in endocarditis management and surgical 
experiences over time.

Conclusions

Mitral valve repair during active infective endocarditis pro-
vides acceptable good in-hospital and mid-term outcomes, 
comparable with mitral valve replacement. It can be safely 
performed especially in non-extremely high-risk group of 
patients. Better endocarditis strategy and surgical experi-
ences might further improve both quantity and quality of 
repair in this challenging situation.
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