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Abstract. - OBJECTIVE: The purpose of this
work is to analyze the clinical results of treating
severe mitral stenosis (MS) with mild to moder-
ate functional tricuspid regurgitation (FTR) with
mitral valve replacement (MVR) alone or togeth-
er with two different methods of tricuspid valvu-
loplasty (TVP).

PATIENTS AND METHODS: We split 132 pa-
tients into three groups: simple MVR with 47 cases
(control group), MVR+ TVP (De Vega loop reduc-
tion) with 45 cases (observation group 1) and
MVR+ TVP (Edwards MC3 tricuspid forming ring
implantation) with 40 cases (observation group 2).

RESULTS: As expected, surgery for both ob-
servation groups was longer than for the control
group, but we found no differences in aortic
clamping time, cardiopulmonary bypass time,
perioperative complications, and postoperative
hospital stay. We found significantly fewer com-
plications in both observation groups compared
to the control group. After surgery, the diameter
of the tricuspid valve ring and the maximum re-
flux bundle were significantly lower in the obser-
vation groups compared to the control group.

CONCLUSIONS: Overall, the long-term clin-
ical effect of combined MVR and TVP to treat
severe MS with mild to moderate FTR is better
than using the simple MVR procedure. Our re-
sults also suggest that the Edwards MC3 tricus-
pid forming ring implantation is superior to the
De Vega loop reduction.
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Introduction

Rheumatic heart disease is mainly caused by
valvular damage'. Mitral stenosis (MS) combi-
ned with functional tricuspid regurgitation (FTR)
accounts for 50-65% of all cases®. Mitral valve

replacement (MVR) significantly improves left
ventricular function and prognosis®. The obser-
ved residual tricuspid regurgitation is an in-
dependent risk factor that affects postoperative
long-term survival, and the mortality rate of the
second surgery is up to 35-40%*. FTR is mainly
caused by tricuspid annulus expansion or poor
combined flap of the valve without clear organic
lesion’. The current view is that severe FTR
requires tricuspid valvuloplasty (TVP) together
with MVR, whereas for light and moderate FTR,
the benefits of the combined surgery are not cle-
ar®. Accurate assessment of the degree of FTR
is an important factor influencing the surgical
strategy and clinical outcome. Echocardiography
is most commonly used to measure maximal re-
gurgitant flow area, but surgeons are more likely
to explore laparotomy tricuspid valve annulus
and “draw water test” results™®. The classic TVP
is the De Vega loop reduction characterized by
simple surgery and clear benefits. However, the
De Vega and Kay method may be risk factors
for the recurrence and exacerbation of tricuspid
regurgitation after surgery’. The Edwards MC3
tricuspid forming ring implantation is closer to
the anatomical and physiological function, and is
easily standardized!'®!'. The purpose of this study
was to analyze the different surgical treatment of
severe MS combined with mild to moderate FTR
and the long-term clinical effects of MVR and
TVP surgeries.

Patients and Methods

Patients

We selected 132 cases with the diagnosis of
rheumatic heart disease and severe MS with
mild to moderate FTR in our hospital from Ja-
nuary 2012 to January 2015. Inclusion criteria:
(1) first treatment; (2) tolerance to surgery and
anesthesia risk; (3) accept the conditions of the
study and complete the clinical studies. Exclusion
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Table I. Baseline data among the three groups.

Group Control Observation 1 Observation 2 F/y? P
(n=47) (n=45) (n=40)
Male/female 26/21 25/20 22/18 0.003 0.999
Age (y) 52.3+12.4 51.6+13.5 52.7+14.2 0.162 0.868
Mitral valve flap [cases (%)] 20 (42.6) 19 (42.2) 17 (42.5) 0.001 0.999
Mitral mechanical valve [cases (%)] 27 (57.4) 26 (57.8) 23 (57.5)
Atrial fibrillation [cases (%)] 12 (25.5) 10 (22.2) 8(20.0) 0.386 0.824
Right atrial diameter (mm) 38.2+4.5 38.5+4.6 38.4+4.7 0.065 0.893
Right ventricular end diastolic 36.5+5.2 36.4+£5.4 36.745.5 0.072 0.825
diameter (mm)
Pulmonary artery pressure (mmHg) 44.5+7.6 45.2+7.8 45.6+8.2 0.162 0.758
Ventricular septal thickness (mm) 8.56+0.82 8.64+0.93 8.62+0.78 0.112 0.788
NYHA classification 2.6£0.8 2.540.7 2.7+0.6 0.198 0.721
Left ventricular ejection fraction (%) 52.3+6.5 51.4+6.7 52.2+46.6 0.213 0.659
Tricuspid valve maximum return
flow bundle area (cm?) 6.2+1.7 6.5+1.8 6.3+1.6 0.265 0.632
Tricuspid valve ring diameter (mm) 42.1£3.6 43.5+3.7 43.7+3.9 0.321 0.598

criteria: (1) combined with other cardiac diseases,
such as coronary heart disease, severe hyperten-
sion, Marfan’s syndrome, congenital heart dise-
ase, primary cardiomyopathy, etc.; (2) abnormal
coagulation mechanism with recent surgery or
bleeding history; (3) rheumatic tricuspid valve
disease; (4) failure to follow-up. The 132 subjects
were divided into three groups according to the
treatment: simple MVR with 47 cases (control
group), MVR+ TVP (De Vega loop reduction)
with 45 cases (observation group 1) and MVR+
TVP (Edwards MC3 tricuspid forming ring im-
plantation) with 40 cases (observation group 2).
Baseline data in the three groups were compa-
rable (Table I). This study was approved by the
Ethics Committee of Nanyang Central Hospital.
Signed written informed consents were obtained
from all participants.

Methods

The same surgery and nursing team comple-
ted all the studies according to standard medical
procedures. Optimized drug therapy (diuretics,
digoxin, nitroglycerin, etc.) reduces pulmonary

Table Il. Surgical indexes.

artery pressure. Patients received general ane-
sthesia, median incision, low temperature (27-
29°C) cardiopulmonary bypass, aortic root cold
HTK myocardial preservation solution perfusion,
MVR after the heart beat smoothly (biological
or mechanical valve), take TVP after rewarming
and re-beat. During surgery, the “water experi-
ment” was repeated to judge tricuspid valvular
regurgitation and tricuspid valve test was used for
quantitative assessment of tricuspid annuloplasty
ring size. The main steps of the De Vega loop
reduction were the ring contraction for the 3-0
Prolene line double-headed needle with gasket 2,
from the front of the junction, along the tricuspid
annulus, which take the continuous suture to the
posterior septum. The needle interval was 3-5
mm, two stitches interval was 2-3 mm. The nee-
dle exited, on the gasket tighten suture and knot,
which made the valve fit 2-2.5 finger. The “water
experiment” confirmed the good combination.
The main step of the Edwards MC3 tricuspid
forming ring implantation is the selection of an
appropriate forming ring from the proximal end
of the valve flap closure of about 1 needle (exten-

Group Operation Aortic clamping Cardiopulmonary Postoperative
time (min) time (min) bypass time (min) hospital stay (d)

Control 135.8 +£16.9 62.3+8.2 114.5+10.2 12.5+3.6

Observation 1 1579 +21.3 64.5+8.3 108.6 +12.4 13.4+3.5

Observation 2 1642 +£22.5 65.1 £8.7 1237+ 133 12.8+3.3

F 4.562 0.324 0.462 0.285

V4 0.031 0.639 0.528 0.768
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ded to the front and back flap of tricuspid), to the
end of the septum. The method of equal division
was used to take 9 needles. The strengthen of
the postoperative drug therapy (dopamine, mil-
rinone etc.) was continued, and vital signs were
monitored.

Observation index

The follow-up time was 8-45 months with a
median time of 32.0 months. The operation time,
aortic clamping time, cardiopulmonary bypass ti-
me and postoperative hospital stay, the occurrence
of perioperative, and postoperative complications,
were analyzed. The diameter of the tricuspid ring,
maximum return flow tract area, right ventricular
end diameter, right atrial diameter, pulmonary ar-
tery pressure, ventricular septal thickness, NYHA
classification, and left ventricular ejection fraction
were followed up after surgery.

Statistical Analysis

We used SPSS20.0 software (Inc. Chicago, IL,
USA) for statistics analysis. Measurement data
was expressed by mean + standard deviation,
comparisons between groups were performed by
single factor ANOVA analysis, pairwise compa-
rison was tested by LSD-t, comparison within
group was tested by paired t, count data was
expressed by cases or (%), comparisons between
groups were tested by y7; p<0.05 indicated that
the difference was statistically significant.

Results

Surgery indexes

Due to the additional procedures for the two
observation groups, the surgery time for both
observation groups was more than 20 min lon-
ger than for the control group (Table II). Other
parameters we measured during the surgery, in-
cluding aortic clamping time, cardiopulmonary

Table lll. Comparison of follow-up complications [cases (%)].

bypass time, and postoperative hospital stay, we-
re similar in the three groups (Table I1).

Perioperative complications

In the control group, we had one case of
pulmonary infection, one of hepatic and renal
dysfunction, and one of acute heart failure, with
a total occurrence of 6.38% (3/47). In the obser-
vation group 1, we had one case of liver and renal
dysfunction, one of acute heart failure, and one of
acute heart failure, with a total occurrence rate of
6.67% (3/45). In the observation group 2, we had
one case of liver and kidney dysfunction and one
of acute heart failure, with a total occurrence rate
of 5% (2/40). With these few perioperative com-
plications, we found no significant differences
between the three groups (p>0.05).

Follow-up complications

Table III summarizes the post-operative com-
plications. In the control group, we had one case
of pulmonary infection, two of hepatic and renal
dysfunction, five of acute heart failure, three
underwent a second surgery, and one death, with
a total occurrence rate was 25.5% (12/47). In ob-
servation group 1, we had one case of pulmonary
infection, two of liver and renal dysfunction, two
of acute heart failure, with a total occurrence rate
of 11.1% (5/45). In the observation group 2, we
had one case of pulmonary infection, one case
of liver and kidney dysfunction, and one case of
acute heart failure, with a total occurrence rate of
7.5% (3/40). The differences between the control
and the observations groups were statistically
significant (Table III).

Tricuspid regurgitation
and ventricular function

To determine the effectiveness of the three
surgical options, we measured several cardiac
functional indexes immediately after surgery and
one month later (Table 1V). Following surgery,

Group # cases Pulmonary Liver/ Acute/ Reoperation Death Total
infection kidney chronic incidence
dysfunction heart failure rate
Control 47 1 2 5 3 1 12 (25.53)
observation 1 45 1 2 0 0 5(11.11)
observation 2 40 1 1 1 0 0 3 (7.50)
Ve 6.332
p 0.042
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Table IV. Tricuspid regurgitation and left and right ventricular function indexes.

Group Control Observation 1 Observation 2 F P
Tricuspid valve Postoperative 44.6+3.8 33.542.2 32.7£2.4 5.231 0.019
ring diameter 1 month 48.2+4.3 36.5+2.4 32.842.3 5.847 0.006
(mm) follow-up
Maximum reflux Postoperative 8.3+1.8 4.2+0.6 4.0+£0.5 5.328 0.016
bundle area 1 month 10.5+2.2 4.6+0.8 4.240.6 5.964 0.004
(cm?) follow-up
Right ventricular Postoperative 36.6£5.5 36.4£5.6 36.5+£5.2 0.235 0.766
end diastolic 1 month 38.2+£5.8 36.8+5.4 36.3+£5.3 3.524 0.036
diameter (mm) follow-up
Right atrial Postoperative 38.3+4.6 38.2+4.4 38.3+4.5 0.121 0.869
diameter 1 month 39.2+4.8 38.4+4.5 38.1+4.3 3.326 0.034
(mm) follow-up
Pulmonary artery ~ Postoperative 45.2+8.2 45.147.6 45.247.7 0.069 0.914
pressure 1 month 47.6+8.3 45.3+7.9 45.3+7.8 3.421 0.038
(mmHg) follow-up
Interventricular Postoperative 8.62+0.76 8.65+0.83 8.64+0.84 0.163 0.854
septal thickness 1 month 8.53+0.92 8.64+0.85 8.65+0.82 3.052 0.039
(mm) follow-up
NYHA Postoperative 2.2+0.7 2.3+0.6 2.2+0.8 0.142 0.859
classification 1 month 2.9+0.9 2.5+0.5 2.3+£0.7 4.235 0.028
follow-up
Left ventricular Postoperative 53.6+7.3 53.5£6.9 53.4+6.6 0.163 0.847
ejection 1 month 48.7+8.1 50.9+7.3 52.6+£7.4 4.963 0.025
fraction (%) follow-up

we found no differences in the right ventricular
end diastolic diameter, right atrial diameter, pul-
monary artery pressure, ventricular septal thick-
ness, NYHA score, and left ventricular ejection
fraction between the three groups. However, the
diameter of tricuspid valve ring and the maxi-
mum reflux bundle were significantly lower in
both observation groups compared to the control
group. At one-month follow-up, we found si-
gnificant differences between both observations
groups and the control group in all the parameters
analyzed, supporting the benefits of the combined
MVR and TVP surgeries (Table 1V). However,
the values between the two observation groups
were very similar.

Discussion

Fukuda et al'? observed that valve leaf pulling
distance (the distance between the closed point
of the tricuspid petal and the plane of the valve
annulus) and traction area (the triangle area of the
closed point of the valve and the width of the val-
ve ring) were independent risk factors for FTR.
When ring diameter was >21 mm/m2 or >35 mm
combined with the pacing lead of the tricuspid
valve and atrial fibrillation, it is recommended to

undertake TVP without considering the degree of
reflux'?. In 2012, the valvular disease guidelines
of European Society of Cardiology (ESC) recom-
mended TVP (Ila) in cases of mild or moderate
FTR, ring diameter >10 mm or >21 mm/m? "3,
The typical TAD only occurs in the anterior and
posterior rings, and the length of the septum is
essentially unchanged. The De Vega annulopla-
sty only sews at the junction to the back across
the border, and septal tricuspid valve annulus
is relatively fixed. In the continued expansion
of pulmonary hypertension and right ventricu-
lar, septal anterior and posterior septal annulus
junction will still gradually expand, eventually
leading to recurrence of reflux'*. Also, poor long-
term effects are related to suture rupture, suture
floating on the outside of the organization, line
loose, suture lobe in the lobe avulsion or shrinka-
ge, and valve deformation'. The tricuspid valve is
“saddle shaped” and the expansion of the aortic
root is relatively shallow but deep in the septum.
Edwards MC3 valve ring has a three-dimensional
design, and it can be better adapted to the shape
of the tricuspid valve. Also, the long-term repair
effect is better'®. The titanium alloy treatment can
maintain certain elasticity, reduce the tension of
the suture and the recurrence rate of reflux'”. Our
work demonstrates the safety of combining MVR

3439



X.-D. Hou, F. Ding, X.-K. Wang, X.-G. Liu, K. Yi, P. Zhang, T. You

and TVP in the same surgery, with the only cave-
at of the extra time needed to complete the TVP.
This study took TVP in the case of heart rewar-
ming and re-beating, which might be the impor-
tant reason for the decrease of complications in
the perioperative period. Both observation groups
had significantly fewer complications than the
control group. The patients with acute and chro-
nic heart failure and the need of the secondary
surgery for recurrent reflux decreased, which
supported the long-term effect of TVP. Following
surgery, the diameter of the tricuspid valve ring
and the maximum reflux bundle of the observa-
tion groups were significantly lower compared to
the control group, indicating the immediate be-
nefits of the combined surgery. One month after
surgery, right ventricular end diastolic diameter,
right atrial diameter, pulmonary artery pressure,
ventricular septal thickness, NYHA classifica-
tion, and left ventricular ejection fraction, were
significantly improved in the observation groups.

Conclusions

The long-term clinical benefits of MVR combi-
ned with TVP in the treatment of severe MS with
mild to moderate FTR are superior to only MVR.
Additionally, the Edwards MC3 tricuspid forming
ring implantation may be superior to the De Vega
loop reduction, but these conclusions need further va-
lidation with larger samples and independent studies.
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