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A predictor for mitral valve repair in patient with rheumatic heart
disease: the bending angle of anterior mitral leaflet
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Background: Mobility and flexibility of anterior mitral leaflet (AML) are considered to be the important
factor for mitral valve (MV) repair in rheumatic population, we try to use the bending angle of AML to
quantify its’ mobility and flexibility and investigate whether it can predict the success of rheumatic MV repair
or not.

Methods: Total 54 patients underwent rheumatic MV surgeries with mild lesions of subvalvular apparatus
from August, 2017 to November, 2017 at the author institution, we divided the patients into MV repair and
MV replacement groups which included directly MV replacement and repair attempt but failed repairing
transfer to replacement intraoperatively. Patients’” MV structure was carefully evaluated on transthoracic
echocardiography (T'TE) and scored by the Wilkins score (WS) preoperatively. The bending angle of AML
was measured during systole and diastole at different level before surgery.

Results: The differences of patients’ demographic characteristics between repair group and replacement
group were not statistically significant (P value >0.05) and the differences among B-angle, T-angle, Bs-angle,
C-angle of AML between repair group and replacement groups were not statistically significant (P value
>0.05). Only BT-angle in repair group was significantly larger than that of replacement group (21.56°+3.84°,
10.29°£6.02°, respectively, P<0.001), therefore the BT-angle was tested as a predictor of reparability by
observing the receiver operating characteristic (ROC) curve (ROC area: 0.944, standard error: 0.06, 95%
CI: 0.826-1), BT-angle of AML on preoperative transthoracic echo of 15.5° or more predicts feasibility of
rheumatic MV repair with 100% sensitivity and 85.7% specificity in patients with mild lesions of subvalvular
apparatus. Logistic regression for a single area of calcification (diameter <0.8 cm) at commissure were shown
that: B: 0.08, Exp (B): 1.083, P: 0.777>0.05, the minor single calcified area at commissure had no effect on
reparability of rheumatic MV disease. The differences of total WS and each component score between repair
group and replacement group were not statistically significant (P value >0.05). By observing the ROC curve
for total WS (ROC area: 0.508), the WS cannot be a predictor for the rheumatic MV repair.

Conclusions: The bending angle of AML which was considered as quantification of mobility and flexibility
of AML can be a predictor for MV repair in patients with rheumatic heart disease (RHD). The small
single area of commissural calcification had no effect on reparability of rheumatic MV disease. WS cannot

appropriately predict the outcome of rheumatic MV repair.
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Introduction

Rheumatic mitral valve (MV) disease is the largest
constituent of valvular heart disease in developing
countries, meanwhile it is one of the major health concerns
universally (1,2). It is resulted from the acute rheumatc fever
and the entire MV complex can be affected adversely (3).
MV repair is an optimal surgical strategy for such patients
when it is compared with MV replacement (4,5), however,
MV repairing surgery is not always successful due to
the severity of affected MV. Chronic inflammation and
fibrosis can result in thickening and restrictive mobility
of mitral leaflet. Mobility, length of anterior mitral leaflet
(AML) (6), subvalvular apparatus lesion, and calcification
may play a crucial role for the decision of rheumatic
MV repair or replacement. In our previous experience,
the bending angel of AML during systolic and diastolic
period can be the symbol of flexibility and mobility of
AMUL. Transthoracic echocardiography (T'TE) should be
obtained firstly when valvular heart disease is suspected (7)
and measurement of the bending angle of AML can be
acquired preoperatively. Although Wilkins score (WS) (8) is
classic and predominantly utilized scoring system to select
appropriate patients for the percutaneous mitral balloon
valvuloplasty (PMBV) in patients with mitral stenosis (MS),
it is also an effective evaluative method for leaflet mobility,
subvalvular thickening, leaflet thickening and calcification.
In the current study, we tried to utilize bending angle of
AML to quantify the mobility and flexibility of AML, also
investigated if the bending angle of AML is a predictive
factor for immediate successful MV repair in patients
with rheumatic heart disease (RHD), and can WS predict
the feasibility of rheumatic MV repair? Is it appropriate
evaluation method for percutaneous balloon dilatation in
MS or not?

Methods
Patients’ demograpbic characteristics and clinical features

Total 78 consecutive patients with RHD underwent MV
surgeries from August, 2017 to November, 2017 based on
2014 AHA/ACC and 2017 AHA/ACC Guidelines (9,10)
for the Management of Patients With Valvular Heart
Disease, individual features and clinical indicators. The
MV structure of all the patients were carefully evaluated by
TTE preoperatively, patients that underwent simultaneous
cardiac surgery for coronary artery disease and had history
of myocardial infarction were excluded. Eventually, 54

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

2909

patients which had mild lesions of subvalvular apparatus
were enrolled in this study. We defined directly MV
replacement and repair attempt but failed repairing
transfer to replacement intraoperatively and counted as a
replacement surgery, the enrolled patients were placed into
repair and replacement groups. The patients’ demographic
characteristics are listed in Tuble 1.

Echocardiographic evaluation

Patients’ MV structure was carefully evaluated on TTE
and scored by the WS preoperatively. The bending angles
of AML was measured during systole and diastole at
different level before the surgery. All data was measured
and analyzed twice by two independent echocardiography
specialists (YQ Jiao and W Han) blinded to each other’s
results. The angles between a line connecting the two
leaflet origin at the annulus to the bending- and tip-
point of AML in end-diastole were defined as B-angle and
T-angle, both of them are maximum motion in diastole,
the measurement of AML angle in diastole is illustrated
in Figure 1. The angles between a line connecting the
two leaflet origin at the annulus to the bending- and
coaptation-point of AML in end-systole were defined as
Bs-angle and C-angle, The measurement of AML angle in
systole is illustrated in Figure 2. The angle between a line
connecting the leaflet origin at the annulus to the bending-
point and a line connecting the leaflet origin at the annulus
to tip-point of AML in end-diastole is defined BT-angle
(Figure 3)

Angles of AML were measured on TTE preoperatively
and evaluated by each scoring component of WS, the angles

and WS were compared in both group which were listed in
Tuble 2.

Surgical strategies

All the patients underwent rheumatic MV repair or
replacement with median sternotomy access. All procedures
were carried out by the same experienced chief surgeon (X
Meng). Several repair techniques were performed related
to the pathological features and severity of the cases, these
techniques included: leaflet thinning, commissurotomy,
decalcification, papillary muscle splitting, chordal transfer,
ring annuloplasty. We used water test and transesophageal
echocardiography to examine the immediately effect of MV
repair, patients who had more than a moderate residual
mitral regurgitation (MR) after repair were intervened

F Thorac Dis 2018;10(5):2908-2915



2910

with MV replacement intraoperatively, and the patients
who were not suitable candidates for MV repair after the
assessment underwent MV replacement respectively. The
detailed repair techniques and the intraoperative result after
rheumatic MV repair on transesophagus echocardiography

Table 1 Patients’ demographic characteristics

Indexs Re'j?‘:g)"“p szdicar:;g; P value
Gender-female 24 20 0.406
Age 53.11+£9.83 58.14+8.57 0.302
Hypertension 6 8 0.434
Diabetes 5 6 0.634
AF 20 19 0.893
TR 22 23 0.330
AV disease 4 5 0.626
Pathological feature

Mixed lesion 14 14 0.777

Pure MS 14 12 0.777
SAIEBC 2 2 0.939
MVOA (sz) 1.14+0.47 1.31+£0.41 0.474
MRA (cm2) 4.43+4.39 8.24+7.13 0.208
LVEF (%) 58.89+3.14 59.29+5.345 0.855

P value <0.05 means the difference is statistical significant. AF,
atrial fibrillation; TR, tricuspid regurgitation; AV, aortic valve;
MS, mitral stenosis; SAIEBC, single area of increased echo
brightness (diameter <0.8 cm) at commissure; MVOA, mitral
valve orifice area; MRA, mitral regurgitation area; LVEF, left
ventricular ejection fraction.

1 Angle = 66 deg
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(TEE) are listed in Tuble 3.

Statistical analysis

Continuous or interval-related variables were expressed
as mean = standard deviation (SD). For comparison of
variables between the two groups Student’s ¢-test was
utilized. Univariate analysis of variables was performed
with the ¥’ or Fisher’s exact tests. Receiver operating
characteristic (ROC) curves was utilized to define the best
cutoff value that was associated with outcomes. Logistic
regression was used to determine the predictors associated
with the outcomes of rheumatic MV repair. P value <0.05
was considered statistically significant. All statistical analysis
was performed via the SPSS 21.

Results

Patients” demographic characteristics in repair group have
been compared with replacement group, the differences
of clinical and echocardiography features between repair
group and replacement group were not statistically
significant (all the P value >0.05), there were 4 patients with
small single area of increased echo brightness (diameter
<0.8 cm) at commissure on preoperative TTE in the two
groups (each group has 2 patients, diameter range from
0.4 to 0.8 cm), those are revealed in 7Tuble 1. Postoperative
MRA was significantly less than before the repair surgery
(0.6£0.16 cm’, 4.43+4.39 cm’, respectively, P<0.001), MV
orifice area after repair surgery was significantly larger than
preoperative orifice area (2.270.12 cm’, 1.14£0.47 cm’,
respectively, P<0.05).

Different angles of AML in both groups have been

0dB / MI: 1.47
Cardiac / Card

1 Angle =50 deg

Figure 1 The angles between a line connecting the two leaflet origin at the annulus to the bending- and tip-point of AML in end-diastole

were defined as B-angle (A) and T-angle (B). AML, anterior mitral leaflet.
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0dB / MI: 1
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Figure 2 The angles between a line connecting the two leaflet origin at the annulus to the bending- and coaptation-point of AML in end-

systole were defined as Bs-angle (A) and C-angle (B). AML, anterior mitral leaflet.
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Figure 3 BT-angle: the angle between a line connecting the leaflet origin at the annulus to the bending-point and a line connecting the leaflet

origin at the annulus to tip-point of AML in end-diastole (A). (A) and (B) illustrating the 5 different angles of AML. AML, anterior mitral leaflet.

Table 2 Patients’ angles on TTE and WS

Table 3 Repair techniques and comparison of MRA and MVOA
before and after rheumatic MV repair

Indexs Repair Replacement P value
group group
B-angle (°) 64+5.48 58.14+9.09 0.131
T-angle (°) 42.22+4.94 47.57+6.99 0.094
BT-angle (°) 21.56+3.84 10.29+6.02 0.001
Bs-angle (°) 17+15.63 20.57+16.69  0.666
C-angle (°) 14.11+9.51 13.86+8.19 0.956
WS (total) 8.11+0.78 8.14+1.22 0.950
Mobility 2.22+0.44 2.29+0.49 0.789
Subvalvular thickening  2.67+0.5 2.14+0.69 0.099
Thickening 2.11+0.6 2.29+0.49 0.543
Calcification 1.11+£0.6 1.29+0.95 0.660

P value <0.05 means the difference is statistical significant. TTE,
transthoracic echocardiography; WS, Wilkins score.
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ltems N P value
Repair technique
Commissurotomy 28
Papillary muscle splitting
decalcification 2
Leaflet thinning 21
Ring annuloplasty 28
Chordal transfer 4
MRA (cm’) 0.033
Pre-operation 4.43+4.39
Post-operation 0.6+0.16
MVOA (cm’) 0.001
Pre-operation 1.14+0.47
Post-operation 2.27+0.12

P value <0.05 means the difference is statistical significant.
MRA: mitral regurgitation area; MVOA: mitral valve orifice area;

MV, mitral valve.
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Figure 4 Receiver operating characteristic (ROC) curve for BT-
angle of anterior mitral leaflet (AML).

measured before the surgery. The differences of B-angle,
T-angle, Bs-angle, C-angle between repair group and
replacement group were not statistically significant (P value
>0.05). Only BT-angle in repair group was significantly
larger than that of replacement group (21.56°+3.84°,
10.29°+6.02°, respectively, P<0.001) (Table 2), therefore
the BT-angle was tracked as a predictor of reparability by
observing the ROC curve (Figure 4) (ROC area: 0.944,
standard error: 0.06, 95% CI: 0.826-1), BT-angle on
TTE preoperatively of 15.5° or more predicts feasibility
of rheumatic MV repair with 100% sensitivity and 85.7%
specificity in patients with mild lesions of subvalvular
apparatus. Logistic regression for a single area of increased
echo brightness (diameter <0.8 cm) at commissure was
expressed as: B: 0.08, Exp (B): 1.083, P: 0.777>0.05, the
single area of increased echo brightness (diameter <0.8 cm)
at commissure had no effect on reparability of rheumatic
MV disease.

The differences of total WS score and each component
score between repair group and replacement group were
not statistically significant (P>0.05) (Table 2). By viewing
the ROC curve for total WS score (ROC area: 0.508), the
WS cannot be a predictor for feasibility of rheumatic MV
repair.

Discussion

Rheumatic disease is still one of the main causes of MV
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dysfunction globally. RHD progresses more rapidly and it
is a common phenomenon in developing countries (1,2),
the entire MV apparatus which is constituted of leaflets,
chordae tendineae, papillary muscle and annulus can be
adversely affected. Characteristic of rheumatic pathology
includes (3): commissural fusion, leaflet thickening,
especially at the free edges, shortening and fusion of
chordae, “fish mouth” the appearance of the MV orifice.
When severe pathological MV influences the hemodynamic
circulation and causes patients’ clinical symptom, surgical
strategies are essential to treat the disease, both MV repair
and MV replacement are surgical treatment for RHD
patients. The outcome of MV repair for patients with
RHD is outstanding and comparative with the result of
repair for the degenerative MV disease (11), which is much
better than rheumatic MV replacement regarding survival
rate and adverse events (4,12). Nevertheless, the overall
rate of rheumatic MV repair is extremely low in China
while the proportion of MV repair in the other countries
is higher (13,14). Absence of indications and predictors
that help surgeons select proper patients for MV repair
and technique factor may be the major reasons, MV repair
is a promising approach for rheumatic MV disease in the
proper lesions which can be reconstructed, the assessment
of length and mobility and flexibility of AML is one of the
crucial procedures in selecting appropriate patients. Gupta
et al. (6) suggested that AML length is a predictor for MV
repair in rheumatic population, their study reported that
an intraoperatively measured AML length of 26 mm or
more predicts reparability and indexed AML length which
means intraoperatively measured AML length indexed
to body surface area is a much stronger predictor for
rheumatic MV repair, with a value of 18 mm/m’ or more,
repair surgery can be accomplished in all cases. In the
current study, we used bending angle of AML to quantify
the mobility and flexibility of AML , BT-angle in repair
group was significantly larger than that of replacement
group (21.56°£3.84°, 10.29°£6.02°, respectively, P<0.001),
therefore the BT-angle was tested as a predictor of
reparability via observing the ROC curve (ROC area:
0.944, standard error: 0.06, 95% CI: 0.826-1), BT-angle
on TTE preoperatively of 15.5° or more predicts feasibility
of rheumatic MV repair with 100% sensitivity and 85.7%
specificity . Commissural calcification is a very common
pathological change for rheumatic MV patients, shall we
directly convert rheumatic MV repair into replacement
without attempt when commissural calcification is detected?
The answer is we still can try to repair MV with outstanding
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result in patient with small single area (diameter <0.8 c¢m)
of calcification at commissure and it may have no effect on
reparability of rheumatic MV disease (B: 0.08, Exp (8): 1.083,
P: 0.777>0.05)

Wilkins scoring system (8) was established in 1988 to
predict the outcome of percutaneous balloon dilatation in
patient with MS. Four echocardiographic characteristics
of MV were scored on predilation echocardiography:
leaflet mobility, leaflet thickness, subvalvular thickening
and calcification. Each variable was scored 0 to 4 which
the higher score represents more severe involvement, on
a scale of 0 to 16, higher score (>11) was the predictor
of suboptimal outcomes (15). Although Wilkins scoring
system is classic and frequently used to predict the outcome
of percutaneous balloon dilatation for MS, it is also an
excellent assessment method of MV structure, previously
there were very few studies that statistically discussed about
the applicability of WS in predicting the outcome and
feasibility of MV repair surgery in patients with rheumatic
MS and/or MR. Our study revealed that the differences
of total WS score and each component score between
repair group and replacement group were not statistically
significant (P>0.05). Through the ROC curve for total
WS score (ROC area: 0.508), the WS cannot be a suitable
method for pre-judging the outcome of MV repair in RHD
patients. We consider the following probable reasons: (I)
WS can assess the calcified leaflet, nonetheless, it cannot
evaluate the commissural calcification and subvalvular
apparatus calcification. Lesions of the commissure and
subvalvular apparatus are more common pathological
features in Chinese patients with rheumatic MV disease (16),
WS which cannot detect the calcification of commissure and
subvalvular apparatus may seriously influence the predicting
accuracy if we use it to forecast the outcome of rheumatic
MV repair surgery; (II) MR is considered to be associated
with inadequate coaptation length which contracted AML
is resulted from chronic rheumatic inflammatory, the “short
AML” can lead to MV repair improbable, meanwhile,
severe contracted subvalvular apparatus may diminish the
feasibility of rheumatic MV repair as well. Nevertheless,
the WS doesn’t involve to scoring the length of AML
and subvalvular apparatus. It is only applicable to isolated
MS for PMBYV, it is not applicable to pure MR and mixed
lesions. T'o sum up, WS is unable to predict the feasibility
of MV repair in RHD patients.

PMBYV is an effective therapeutic modality for rheumatic
MS and recommended for symptomatic patients with severe
MS and favorable valve morphology in the absence of atrial
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fibrillation (AF) (9), however, trends of overall utilization
were decreasing, while cost and procedural complication
rates were increasing over period of 13 years (17). How
to choose procedural strategy when result of PMBV is
uncertain? Shall we persist to conduct PMBV or alternate
to rheumatic MV repair? We think the answer may be
more likely to rheumatic MV repair. The reasons are: (I)
unfavorable valve anatomy is the most important risk factor
of long-term outcomes (18), patients who undergo PMBV
must be properly selected for valve structure. WS is the most
effective and extensively used evaluation system for PMBYV,
patients which scored >11 point tend to be suboptimal
outcome of PMBV (8) and undergoing open valve surgery
is more reasonable. However, outcomes of PMBV in
Patients which scored 9-11 cannot be guaranteed (8),
in-patient mortality occurred in patients in the WS gray
zone (9-11) was 8.3% (19), which was significantly higher
than the 30-day mortality after rheumatic MV repair
that we have reported was only 1.9% (20). Valve tear and
acute severe MR following PMBV are not uncommon
complications for PMBV in-patient mortality of emergency
surgery for these complications can achieve 12% (21) if we
insist to carry out the intervention therapy when result of
PMBYV is uncertain, in these cases rheumatic MV repair
may be the preferred surgical option. Jae-Kwan Song and
his colleagues’ study (22) directly compared the results
of PMBV with open heart surgery and concluded that
MV surgery was associated with a higher adjusted rate of
long-term event-free survival than PMBYV. Patients with
high WS scores or AF revealed better outcomes after MV
surgery. Even in the patients scored <8 and normal sinus
rhythm which are traditionally considered to have optimal
outcome for PMBV, the outcome of rheumatic MV surgery
is outstanding as well as that of PMBV. Actually rheumatic
MV repair is a better procedural strategy than replacement
in patients with feasible repair structure, outcome of MV
repair is widely verified better than MV replacement and
successful durable repairs have been performed in high-
volume, expert centers (23). Severe diseased subvalvular
apparatus and AF (24) can adversely affected the result
of the intervention procedure, MV repair is an optimal
strategy for these patients even if the WS <8.

Limitation

The number of patients enrolled for this study was
relatively small, which may adversely affect our findings for
the predictive factors and success of rheumatic MV repair.
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Rheumatic MV disease is complex apparatus involvement
of MV structure, study of mobility and angle of AML and
commissural calcification is only one part of them, the other
rheumatic MV pathological changes which may influence
the outcome of rheumatic MV repair was not reflected
in the study, such as subvalvular apparatus contracture,
calcification, fusion, and even mitral annulus calcification
and so on.

Conclusions

The bending angle of AML which was considered as
quantification of mobility and flexibility of AML can be a
predictor for MV repair in patient with RHD. The small
single area of commissural calcification had no effect on
reparability of rheumatic MV disease. WS cannot be an
appropriate predictor for the outcome of rheumatic MV
repair.
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