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Objective: The recommendation to repair progressive tricuspid regurgitation (TR) at the time of mitral valve (MV) surgery is questionable.
We assessed the outcomes of tricuspid valve (TV) repair for progressive TR with MV surgery. Patients and Methods: We assigned
611 patients with progressive TR who had MV replacement with or without concomitant TV repair from January 2015 to December 2016.
Results: There were no remarkable variation in early mortality or major morbidity rates according to the etiology of the MV disease.
Median follow-up was 36 months. After adjustment for baseline characteristics using a propensity score adjustment model, there were
no significant differences in the frequency of re-admission for congestive heart failure between the groups. Both groups had similar risk
for other late complications affected by valve surgery such as stroke, significant hemorrhage related to anticoagulation, reoperation due
to valvular heart lesions other than TV, or infective endocarditis. However, comparing the severity of TR at the last follow-up, patients
with greater than progressive TR were significantly less common in the repair group of mitral regurgitation compared with those in the
control group. Conclusions: The clinical benefit of simultaneous TV repair for progressive TR with MV surgery for rheumatic mitral
regurgitation is certain. Concomitant TV repair cannot be routinely recommended in patients with rheumatic mitral stenosis at the time of
MV repair or replacement.
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degree of functional TR during MV, surgery is not well
defined (Class 2b),[ and the optimal strategy for the treatment
of progressive TR remains controversial.

INTRODUCTION

Functional tricuspid regurgitation (TR) is usually seen in
individuals having prolonged mitral valve (MV) disease.!"

However, functional TR may improve after rectifying MV
lesions,! unaddressed significant TR is said to progress
in nearly half of patients,’®! and increase postoperative
mortality and morbidity.” The importance of overlooked
functional TR was recently stated and numerous studies
reported on simultaneous repair of functional TR. Severe
TR in patients having MV disease requiring MV surgery
is a definite indication (Class 1) for simultaneous tricuspid
valve (TV) repair.5¢! Although the decision to address lesser
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Hence, we reviewed individuals having progressive TR who
needed MV surgery with or without TV repair to determine
whether or not to go for TV repair in patients with MV surgery.
TV repair affects the clinical and echocardiographic outcomes
and to identify those patients which will be benefitted by TV
repair.
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Patients AND MEeTHODS

Study population

From January 2015 to December 2016, 611 patients
aged >18 years had surgery for rheumatic MV disease at U. N.
Mehta Institute of Cardiology and Research Centre [Figure 1].
Among these, seven patients expired due to cardiac complication
in immediate postoperative period. Of the remaining
604 patients, 355 patients had severe mitral stenosis (MS) with
progressive TR and 249 patients had severe mitral regurgitation
with progressive TR on preoperative echocardiogram. One
hundred and seventy-six patients underwent MV replacement
with TV repair in severe MS progressive TR group, whereas
102 patients underwent MV replacement with TV repair
in severe MR progressive TR group, rest patient had MV
replacement only (control group). Twenty-five patients were
selected in each group based on propensity score matching.
Progressive TR was defined as TR with central jet <50% of
right atrium, vena contracta width <0.7 cm, effective regurgitant
orifice <0.40 cm?, and regurgitant volume <45 ml.”! This study
was approved by our Institutional Ethics Committee/Review
Board on March 24, 2015 vide UNMICRC/2015/33, and they
waived the requirement for informed patient consent because
of the retrospective nature of this study.

Echocardiographic evaluation
Two-dimensional echocardiography and Doppler color-flow
imaging were performed on all patients. All patients

underwent transthoracic echocardiographic evaluation before
operation.

The degree of TR was evaluated using the apical four-chamber
view and graded as progressive TR with central jet <50%
of right atrium, vena contracta width <0.7 cm, effective
regurgitant orifice <0.40 cm?, and regurgitant volume <45 ml;
otherwise severe TR.®) The peak systolic TR jet velocity
measured by continuous-wave Doppler was used to calculate
the TR peak pressure gradient using the simplified Bernoulli
equation (pressure gradient = 4 x velocity?) to estimate the
peak systolic pulmonary artery pressure.

Surgical procedures

The decision to perform TV repair was affected by the
degree of TR, tricuspid annular dimension, left ventricular
function, combined procedures, and the presence of atrial
fibrillation (AF) but was ultimately at the discretion of the
attending surgeon. TV annular dimension was routinely
measured pre- or intraoperatively, annular size was an
indispensable indicator for combination of TV repair. In
cases of TV repair, TR was repaired by Duran Ancore ring
annuloplasty, and surgical techniques were determined based
on each surgeon’s preference.

Follow-up

Data were collected from medical charts during regular visits
to the outpatient department or by telephone contact. Operative
mortality was defined as death within 30 days after surgery.

611
Patients having Severe Mitral Valve Disease
with Progressive Tricuspid Regurgitation

7 Patient expired

604
Patients were available

!

355
Patients with Severe MS and
Progressive Tricuspid Regurgitation

|
l l

l

249
Patients with Severe MR and
Progressive Tricuspid Regurgitation

|
l l

176 179 102 147
Patient who underwent | | Patient who underwent | | Patient who underwent Patient who underwent
MVR with TV Repair MVR only. MVR with TV Repair MVR only.
Propensity Score Matching
25 25 25 25
Patient who underwent | | Patient who underwent | | Patient who underwent Patient who underwent
MVR with TV Repair MVR only. MVR with TV Repair MVR only.

Figure 1: Flow chart of study population
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Postoperative TR grade and left ventricular ejection
fraction (LVEF) were obtained from the final postoperative
echocardiogram obtained after 3 months in patients who
survived >1 months.

All patients had follow-up 3 monthly for 6 months and then
6 monthly for 3 years.

Statistical analysis

Categorical variables are presented as numbers and percentages
and were compared using the Chi-squared and Fisher’s exact
tests. Continuous variables are expressed as mean =+ standard
deviation and were compared using the ¢-test or the
MannWhitney U-test, as appropriate. To adjust for differences
in the baseline patient characteristics between groups,
propensity score analysis was performed. The propensity
scores were estimated without regard to outcome variables
through binary logistic regression analysis incorporating 11
prespecified covariates listed in Table 1. The discrimination
and calibration ability of the propensity score model was
assessed using the C statistic and the Hosmer-Lemeshow
statistic. The model was well calibrated (HosmerLemeshow
test P = 0.707) with reasonable discrimination (C statistic:
0.880). The hazard of concomitant TV repair affecting the
clinical outcomes compared with no repair was analyzed using
the Cox regression model without and with adjustment by
propensity scores. Cumulative incidence rates of individual and
composite outcomes were also estimated using Cox regression
model. Multivariable risk factors for the composite of death,
TV reoperation, and congestive heart failure (CHF) requiring
readmission were obtained using the Cox proportional hazards
model. Variables with a P =0.20 on univariate analysis were
candidates for the multivariable models. Multivariable analysis
involved a backward elimination technique, and only variables
with a P < (.10 were used in the final model.

To compare postoperative echocardiographic outcomes
between the groups, propensity score matching was performed.
In patients who had follow-up echocardiogram, propensity
scores were re-estimated (HosmerLemeshow test, P=.350; C
statistic, 0.877). To develop the propensity score-matched pairs
without replacement (a 1:1 match), the Greedy 5 to 1 digit match
algorithm was used.’®! After propensity score matching, the
baseline covariates were compared between the groups using
the paired #-test or the Wilcoxon signed-rank test for continuous
variables and the McNemar test or marginal homogeneity test
for categorical variables. SPSS software version 24.0 (IBM)
(IBM Corp. Released 2016. IBM SPSS Statistics, Version 24.0.
Armonk, NY: IBM Corp.) was used for statistical analyses.

ResuLts

Baseline characteristics

Preoperative baseline patient characteristics are summarized
in Table 1. Patients in the repair group had higher clinical
and echocardiographic risk factors than those in the control
group as evidenced by older age (P < 0.001), more history
of previous cardiac surgery (P < 0.001), higher prevalence

of AF (P < 0.001), more severe TR (P < 0.001), and poorer
LVEF (P <0.001).

Two hundred forty-nine patients (41.22%) underwent
MYV replacement for mitral regurgitation and 355 patients
(58.7%) for MS. There were no significant between-group
differences according to the etiology of the MV disease
(P=.073) [Table 2].

Clinical outcomes

PERIOPERATIVE RESULTS

Cardiopulmonary bypass (146.3+55.9 min vs. 115.0+45.8 min;
P < 0.001) and aortic cross-clamp (95.9 + 35.9 min vs.
73.9 £ 33.6 min; P < 0.001) times were significantly longer
in the repair group than in the control group. There were no
significant differences in early mortality (1.6% vs. 0.6%;
P=.12) or major morbidity rates (15.5% vs. 13.4%; P=.36).

Table 1: Baseline and operative characteristics

Repair No repair P
group (%) group (%)

Number of patients 50 50
Age (years) 38+10.9 39+10.9 0.6475
Man 21 (42) 17 (34) 0.5365
Diabetes mellitus 4(8) - 0.1258
Hypertension 4(8) 3(6) 1.0000
Chronic renal failure 3(6) 0.2410
Atrial fibrillation 6(12) 8 (16) 0.7732
History of thromboembolic events

Stroke

Other thromboembolic events
Mitral valve pathology

Predominantly mitral 25 (50) 25 (50) 0.8415

regurgitation

Predominantly mitral stenosis 25 (50) 25 (50) 0.8415
Tricuspid regurgitation

Mild

Progressive 50 50
LVEF (%) <40% 1(1) 0 1.000
Surgery type-MVR 50 50

LVEF: Left ventricular ejection fraction, MVR: Mitral valve repair

Table 2: Operative outcomes

Repair No repair P
group (%)  group (%)
Operative mortality 4 (8) 3(6) 1.000
Early complications
Sternal bleeding 5(10) 2(4) 0.4331
Pericardial effusion 4(8) 2(4) 0.6737
Wound problem - -
Permanent pacemaker insertion 1(2) - 1.000
Low cardiac output syndrome 2(4) - 0.4751
Requirement for dialysis 3(6) - 0.2410
Mediastinitis - -
Neurologic complication 1(2) - 1.0000
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Primary and secondary end points

During a median clinical follow-up period of 36 months, there
were seven early deaths, two readmissions for CHF. There were
no significant differences in the frequency of re-admission
for CHF between the groups. Both groups had similar risk
for other late complications affected by valve surgery such
as stroke, significant hemorrhage related to anticoagulation,
reoperation due to valvular heart lesions other than TV, or
infective endocarditis.

Comparison of echocardiographic outcomes between the
two groups: propensity score matching

Of 100 participants, >3 months after surgery had follow-up
echocardiogram for >6 months. Median follow-up duration
was 36 months. Propensity score matching for the 604 patients
yielded 100 matched pairs of patients. In the matched cohort,
there were no significant between- group differences for any
baseline covariates.

Preoperative and postoperative TR grades were compared
between the 2 groups in the matched cohort. There
were no between-group differences in preoperative TR
grades (P > 0.99); however, comparing the severity of TR at
the last follow-up, patients with greater than progressive TR
were significantly less common in the repair group of mitral
regurgitation compared with those in the control group.

Discussion

Several studies have shown that uncorrected significant
functional TR after left heart valve surgery is associated
with increased mortality and morbidity™*®'"! and decreased
functional outcome.'>'*I However, data are limited with regard
to whether uncorrected functional TR will progress despite
resolution of the left heart lesion responsible for overloading
the right ventricle. Updated guidelines of the American College
of Cardiology/American Heart Association regarding valve
disecase suggest that TV repair is beneficial for severe TR in
patients with MV disease requiring MV surgery (Class 1, level
of evidence: B-NR).’! According to these guidelines, however,
less than severe TR in patients undergoing MV surgery is not
a definite indication for tricuspid annuloplasty (Class Ila, level
of evidence: B-NR). The European Society of Cardiology
Guidelines on the management of valvular heart disease also
state that severe TR in a patient undergoing left-sided valve
surgery is the only definite indication for TV repair (Class I,
level of evidence: C).[

Recently, as the significance of TR has been addressed, a
few studies have reported on mild-to-moderate TR. Song
et al." reported that 7.7% of untreated mild TR progressed
to late significant TR despite successful left-sided valve
surgery through a retrospective study involving 638 patients
during a mean follow-up period of 64 months. Because late
significant TR was associated with worse clinical outcomes,
they suggested that aggressive surgical intervention may be
considered in patients with risk factors for developing late

significant TR. Another retrospective comparison of surgical
and conservative treatment for mild-to-moderate functional
TR showed that concomitant TV repair with MV repair or
replacement decreased right ventricular diameter and the
average grade of TR Kim et al.l' reported a retrospective
study of 236 patients with mild-to-moderate functional TR who
underwent MV replacement for rheumatic MV disease. In their
study, concomitant TV repair for mild-to- moderate functional
TR was associated with better postoperative TV function.

Dreyfus et al.P! recommended that the TV annulus should be
measured at the time of left heart valve surgery and tricuspid
dilatation should be corrected regardless of the severity of TR
because TV disease is correlated with tricuspid dilatation rather
than the degree of TR. They measured the tricuspid annular
diameter intraoperatively from the anteroseptal commissure
to the anteroposterior commissure. Patients with a tricuspid
annular dimension >70 mm underwent tricuspid annuloplasty,
which improved functional status.

Yilmaz et al.'" analyzed changes in the degree of functional
TR in 699 patients who underwent MV repair for degenerative
MYV disease. Their data demonstrated that the progression
of TR in patients undergoing MV repair is unusual, and
that coexistent TR did not affect late mortality. The authors
emphasized the significance of preoperative comorbidities in
the determination of clinical outcomes rather than the presence
of functional TR.

In our study, concomitant TV repair was not associated with
better clinical outcomes, in patients with severe MS but did
result in better TR grades. These results are not much different
from other retrospective studies, although the size of our study
was smaller and the disease entity was extended to rheumatic
MYV disease. In other words, better TV function did not seem
to affect long-term clinical outcomes in this study. However,
considering that it takes longer time for significant TR to affect
heart function, compared with the clinical course of left sided
valve disease; the clinical follow-up period of this study may not
be long enough to verify the efficacy of concomitant TV repair.

Limitations

Our study was retrospective in nature and nonrandomized.
Moreover, surgical indications and surgical techniques were
not uniform among surgeons who did or did not perform
concomitant TV repair. Rigorous statistical adjustment was
used for analysis. Echocardiographic values that are associated
with the right heart, such as tricuspid annular dimension,
TV tethering distance, and TV tethering area could not be
routinely estimated, and right ventricular function was not
quantified. The median follow-up period of this study was
36 months (i.e. 3 years), which may not be long enough to
interpret the effect of significant TR on clinical outcomes.

CONCLUSIONS

The clinical benefit of concomitant TV repair for moderate
concomitant functional TR during MV surgery for rheumatic
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mitral regurgitation is certain. Concomitant TV repair cannot
be routinely recommended in patients with rheumatic MS at
the time of MV repair or replacement.
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