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ABSTRACT

Objectives: Despite coherent guidelines, management of functional tricuspid
regurgitation (FTR) consequences on outcome in the context of degenerative
mitral regurgitation (DMR) remains controversial due to lacking series of large
magnitude with rigorous application of tricuspid guidelines and strict long-term
echocardiographic follow-up. Thus, we aimed at gathering such a cohort to
examine outcomes of patients undergoing DMR surgery following tricuspid surgery
guidelines.

Methods: All consecutive patients with isolated DMR 2005-2015 operated on with
baseline FTR assessment and tricuspid annulus diameter measurement were iden-
tified. Operative complications, postoperative tricuspid regurgitation incidence,
and survival were assessed overall and stratified by guideline-based tricuspid annu-
loplasty (TA) indication (severe FTR or tricuspid annulus diameter >40 mm).

Results: Among 441 patients with DMR undergoing mitral repair (66 =+ 13 years,
30% female, ejection fraction 66 £ 10%, systolic pulmonary artery pressures
39 £ 12 mm Hg) followed 6 [3-9] years, patients with TA (n = 234, 53%) had gener-
ally similar presentation versus without TA (n = 207, 47%; all P > .2) except for
more atrial fibrillation and larger left ventricle (both P > .0003). Patients with TA
showed longer bypass time, more maze procedures (all P < .001), but hospital
stay, renal-failure, pacemaker implantation, and operative mortality (overall
0.9%) were comparable (all P > .2). Postoperative incidence of moderate/severe
FTR (0% at 1 year) became over time greater among patients without TA (5-
year 8% [4%-13%] vs 3% [1%-11%] and 10-year 10% [6%-16%] vs 4% [1%-
16%], P = .01). Survival (95% confidence interval) throughout follow-up was
85% (77%-89%) at 10 years, with hazard ratio 0.57 (0.29-1.10), P = .09. for patients
with TA versus without.

Conclusions: In this large surgical DMR cohort, guideline-based FTR management
was safe and effective. While long-term mortality did not reach significance, post-
operative incidence of moderate/severe FTR, overall low, was nevertheless greater
in patients who did not appear to require TA at surgery and linked to tricuspid
annular dimension. Thus, future multicenter prospective cohorts with long-term
follow-up are warranted to re-examine thresholds for TA performance and impact
on survival. (JTCVS Open 2021;l:1-14)

Outcome of guideline-based functional TR surgery
in degenerative MR.

CENTRAL MESSAGE
Guideline-based functional TR
management is safe, effective,
with lower postoperative inci-
dence of significant functional
TR compared to patients
without annuloplasty based on
annular dimension.

PERSPECTIVE

The greater rate of postoperative tricuspid regur-
gitation incidence in patients who did not receive
tricuspid annuloplasty, powerfully determined by
the tricuspid annular dimension at baseline, un-
derscores the potential for patients with annular
diameters <40 mm to require annuloplasty and
the need for prospective studies to determine
threshold  for this

the most appropriate

indication.

See Commentary on page XXX.
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Abbreviations and Acronyms
AFib = atrial fibrillation

CI = confidence interval

DMR = degenerative mitral regurgitation
FTR = functional tricuspid regurgitation
GLMM = generalized linear mixed model
LV = left ventricle

MR = mitral regurgitation

NYHA = New York Heart Association
OR = odds ratio

TA = tricuspid annuloplasty

TAd = tricuspid annulus diameter

TR = tricuspid regurgitation

El Video clip is available online.

Functional tricuspid regurgitation (FTR) associated with
mitral valve disease is the most frequent cause of tricuspid
regurgitation (TR)' and most often occurs in the context of
degenerative mitral regurgitation (DMR).” FTR has had
a benign reputation, yielding the concept that complete
tricuspid valvulectomy may be well tolerated. Such resulted
in the classic recommendation to ignore it during mitral sur-
gery based on its predicted postoperative improvement and
on the primacy of the mitral disease. However, over time,
these concepts have evolved and, in particular, the serious
impact of FTR on the outcome of patients affected by
DMR has been recognized as quite poor,” strongly related
to the severity of FTR, even moderate, and independently
of any baseline characteristics.” Furthermore, surgical se-
ries have emphasized the relative frequency of residual/
recurrent FTR after mitral surgery,”® depending on a variety
of characteristics, particularly tricuspid annular enlarge-
ment. Also, reoperations for severe postoperative FTR
have long been shown to carry high mortality and frequent
recurrences.’

Hence, a more proactive approach to the treatment and
prevention of FTR during surgical repair of DMR has
been suggested,” which may be crucial as DMR is likely
to allow highly successful® and early repair.” While func-
tional improvements have been reported in series with pro-
active use of tricuspid repair,'”'* no clinical trial of FTR
proactive treatment/prevention has been yet completed,
and the proactive approach to FTR repair has been highly
controversial,' " reflected by widely different rates of
tricuspid repair performed during mitral repair.'’ This
controversy, pushed by strong surgical voices, has been
exacerbated by frequently incomplete echocardiographic
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follow-up'® and has led to different adoption timing be-
tween US and European guidelines,'”'® with incomplete
guideline adoption and severe FTR undertreatment in
DMR."

In considering tricuspid valve management in DMR,
knowledge of the outcomes following the proactive
tricuspid guideline application is paramount until results
of clinical trials become available. Thus, we aimed to
examine for the first-time clinical and echocardiographic
outcomes of a large cohort of patients undergoing DMR sur-
gery with rigorous application of tricuspid guidelines and
strict long-term echocardiographic follow-up.

METHODS

All consecutive patients with isolated DMR operated on by the surgical
team in 2 separate institutions (Royal Brompton and Harefield NHS Foun-
dation Trust, United Kingdom; Cardio Thoracic Centre of Monaco) be-
tween January 2005 and December 2015 (2005-2009, United Kingdom;
2010-2015, Monaco) were included. Exclusion criteria were the absence
of research authorization per European law, presence of pacemaker-
defibrillator, organic TR, moderate or greater aortic valve disease, mitral
stenosis, rheumatic or functional mitral regurgitation (MR) (per guide-
lines),'>'” any previous valve surgery, any other myocardial/pericardial/
congenital heart disease including triple-vessel coronary disease, and the
absence of tricuspid annulus measurement on transthoracic echocardiogra-
phy. The study was approved by the Ethic committee of the Royal Brompton
and Harefield NHS Foundation Trust, London, United Kingdom, in March
2017 following a retrospective analysis of anonymous data from patients
operated in between January 2005 and December 2009, as well as from
the Cardiothoracic Center of Monaco in March 2017 for patients in between
January 2010 until December 2015. The institutional review boards of these
institutions waived the need for patient written informed consent.

Echocardiographic Evaluation

Echocardiography performed by experienced in-hospital sonographers
with special interest in mitral and tricuspid valve pathology included
comprehensive measures and grading using standardized echocardio-
graphic phrases. Those were stored immediately in an image and data re-
pository and retrieve without alteration or reinterpretation for the study.
Degenerative mitral valve disease was defined as excess leaflet motion
(type II of Carpentier’s classification) resulting from chordal elongation
or chordal rupture'® and DMR severity assessed by integrative grading
with quantitative assessment as often as possible.'” FTR was diagnosed
by comprehensive tricuspid valve examination excluding structural abnor-
malities and graded using standardized phrases according to American So-
ciety of Echocardiography guidelines as absent, mild, moderate, and
severe.'” Systolic pulmonary artery pressure was calculated using
continuous-wave Doppler FTR velocity and right atrial pressure estimated
using inferior vena cava imaging. Left atrial volume and left ventricle size/
function were systematically defined according to American Society of
Echocardiography guidelines.””

Per guidelines,'>'® the indication for tricuspid annuloplasty (TA) was
based on concomitant severe FTR, or preoperative tricuspid annulus diam-
eter (TAd) enlargement associated with DMR regardless of FTR severity,
measured for all patients by transthoracic (4-chamber view) or transeso-
phageal echocardiography in end-diastole before surgery. TAd assessment
was always performed before surgery, irrespectively of FTR grading, and
led TA decision in the absence of severe FTR. Intraoperative echocardio-
graphic findings did not indicate concomitant FTR surgery. According to
those criteria, the cohort was divided in 2 groups: patients with TA (severe
TAd >40 mm) and patients without TA (TAd <40 mm).
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Operative Techniques

Cardiac surgeries were performed under normothermia, and cardiopul-
monary bypass was established in between the ascending aorta and bicaval
cannulation. Myocardial protection was achieved with cold crystalloid (St
Thomas Formula). TAd enlargement was treated with a rigid ring (Carpent-
ier-Edwards, Edwards Lifesciences, Irvine, Calif). Maze procedure by left
atrial complete ablation protocol (box and left atrial appendage base lesion,
left atrial appendage resection, and inferior/mitral annulus line) was per-
formed unchanged over the study period, and indicated upon paroxysmal
atrial fibrillation (AFib) or recent permanent AFib (<1 year), using a radio-
frequency bipolar clamp (AtriCure’s Isolator Synergy Ablation System;
AtriCure, Mason, Ohio). As a first step, the mitral valve was approached
through the interatrial groove and repaired by a variety of techniques, spe-
cifically adapted to the lesions. Ring annuloplasty was used in all cases. As
a second step, the right atrium was opened vertically in parallel to the atrio-
ventricular groove. The size of the tricuspid ring was measured accordingly
to the unfolded anterior leaflet. The TA ring (Carpentier-Edwards, Edwards
Lifesciences) was inserted using a series of 3-0 ETHIBOND mattress su-
tures (Videos | and 2). The surgical technique remained unchanged over
the study period.

Clinical Evaluation

Patients” demographic and clinical data, including New York Heart As-
sociation (NYHA) functional classification, were recorded at baseline and
during in-hospital stay by patients’ personal physicians in charge and elec-
tronically retrieved from medical files without alteration. AFib before/at
diagnosis relied on ECG or clinical notes for history of proven AFib. Sur-
gical data included bypass time, crossclamping time, coronary artery
bypass graft, maze procedure, and size of the semi-rigid ring for patients
with TA. Postoperative renal failure (defined as creatinine level
>200 mg/dL), use of intra-aortic balloon pump, inotropic support, implan-
tation of pacemaker before discharge, occurrence of thromboembolic
event, reoperation, and length of in-hospital stay were recorded during
in-hospital stay by the physician in charge and electronically retrieved
from medical files without alteration. After hospital discharge, patients
were seen at out-patient clinic within 3 months and then followed up
annually.

Follow-up Data

Primary outcome of interest was postoperative cumulative incidence of
moderate/severe FTR based on standardized postoperative yearly echocar-
diographic assessment. Secondary end point was overall survival. Recur-
rent MR was defined as moderate or greater postoperative MR.'®'
Postoperative TR related to pacemaker implantation was defined based
on anatomical criteria (leaflet restriction). Death occurrence and dates
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VIDEO 1. Presentation of the importance and relevance of the paper.
Video available at: https://www.jtcvs.org/article/S2666-2736(21)00195-9/
fulltext.

VIDEO 2. Tricuspid annuloplasty operative procedure in the context of
degenerative mitral regurgitation surgery. Video available at: https:/
www.jtevs.org/article/S2666-2736(21)00195-9/fulltext.

obtained for all were recorded based on medical record, yearly follow-up in
out-patient clinic, or phone calls for patients not responding to follow-up
echocardiographic evaluation, and patients alive were censored on
December 31, 2017.

Statistical Analysis

Continuous data expressed as mean =+ standard deviation or median
[interquartile-range] were compared using analysis of variance or the Wil-
coxon test. For qualitative data, proportions were compared by the classical
x? test or Fisher exact test as appropriate. Logistic regression and the odds
ratio (OR) were used to assess the relationship between a binary outcome
and a set of covariates. Odds ratios were associated with a 95% confident
interval (95% CI), and adjustable variables were age, sex, DMR, and FTR
severity. Time-to-event variables were displayed using Kaplan—-Meier sur-
vival curves and analyzed with respect to covariates by the Cox propor-
tional hazards regression model. Results were expressed by the hazard
ratio with 95% CI. The proportional hazards assumption in Cox regression
was tested using Schoenfeld residuals, and the result was not significant
(P = .20). The cumulative incidence of moderate/severe FTR was esti-
mated by the competing risk model and assessed with respect to TA and
other covariates. Postoperative echocardiographic longitudinal data were
analyzed by the generalized linear mixed model (GLMM) in which the co-
variates were time (both linear and quadratic effects), TA, and interaction
between TA and time. Results were expressed as regression coefficients
with their standard error. All statistical calculations were performed with
SAS (version 9.4) software package.

RESULTS
Baseline Characteristics

Baseline characteristics are displayed in Table 1. Of the
441 patients with DMR constitutive of the final cohort,
234 (53%) underwent TA concomitant to mitral valve sur-
gery and 207 (47%) did not. Only few differences were
noted among TA subsets, and particularly no difference
in NYHA functional class, age at time of surgery, or
body surface area (all P > .2). Patients who underwent
TA had enlarged left ventricle (LV) end-diastolic diameter,
more frequent AFib, and moderate/severe FTR than pa-
tients without TA (all P <.009). No severe TR was noted
among patients with TAd <40 mm (vs 4 in patients with
TAd >40 mm, Table 1). AFib was strongly associated
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TABLE 1. Preoperative characteristics of patients according to tricuspid annuloplasty

Patients without TA (TAd <40 mm), n = 207 Patients with TA (Tad >40 mm) n = 234 P value
Clinical characteristics™

Cohort, n (%) 9

United Kingdom 90 (43) 104 (44)

Monaco 117 (57) 130 (56)
Age,y 67 + 14 65 + 12 2
Female, n (%) 141 (68) 168 (72) 4
BSA, m? 1.80 + 0.2 1.84 + 0.2 4
AFib, n (%) 48 (23) 92 (39) .0003
NYHA III-1V, n (%) 74 (36) 87 (37) .8

Echocardiographic variables

LV-EE, % 66 + 9 65 £ 10 2
LV-EDD, mm 56 £ 7 59 +£8 .0008
LV-ESD, mm 36 £6 37+7 2
LAVI, mL/m? 83 + 34 82 + 36 Wi
sPAP, mm Hg 39 £ 12 40 £ 11 2
Severe MR, n (%) 200 (97) 232 (99) 2
TAd, mm 36 £2 43 £2 <.0001
FTR grade, n (%) <.0001

No/mild 187 (90) 166 (71)

Moderate 20 (10) 64 (27)

Severe 0(0) 4(2)

TA, Tricuspid annuloplasty; TAd, tricuspid annulus diameter; BSA, body surface-area; AFib, atrial fibrillation; NYHA, New York Heart Association functional classification; LV,
left ventricle; EF, ejection fraction; EDD, end-diastolic diameter; ESD, end-systolic diameter; LAVI, left atrial volume index; sPAP, systolic pulmonary artery pressure; MR, mitral

regurgitation; FTR, functional tricuspid regurgitation. *No missing data.

with FTR grade, present in 27% (n = 95) of cases with
no/mild FTR, 50% (n = 42) of cases with moderate
FTR, and 75% (n = 3) of cases with severe FTR
(P < .0001). Logistic regression showed that AFib was
independently associated with concomitant TA when ad-
justing for age, sex, DMR, and FTR severity (OR, 2.55;
95% CI, 1.64-3.97, P <.0001).

Surgical Procedure

In the group receiving TA, the size of semi-rigid annulo-
plasty ring was 32 + 2 mm (extremes 28-36 mm, Table 2,
top panel). Both bypass and crossclamping times were
longer in patients with TA (P <.001). Fewer cases of coro-
nary artery bypass graft and more maze procedures were
performed in patients with TA (P = .0002), in relation to

TABLE 2. Surgical characteristics, in-hospital complications, and long-term outcomes

Patients without TA

Patients with TA

TAd <40 mm, n = 207 TAd >40 mm, n = 234 P value
Surgery
TA ring size, mm N/A 3242 N/A
Bypass time, min 125 £ 50 138 + 36 .001
Crossclamp time, min 99 + 38 113 £+ 30 <.0001
CABG, n (%) 38 (18) 16 (7) .0002
Maze, n (%) 20 (10) 53 (23) .0002
Hospitalization
Length of stay, d 11 [9-12] 10 [10-12] 2
IABP, n (%) 42 0 (0) .05
Renal insufficiency, n (%) 4(2) 5@2) 9
PM before discharge, n (%) 25 (12) 22 (9) 4
Inotropes drugs, n (%) 44 (21) 51 (22) 9
In-hospital death, n (%) 2(1) 2 (1) 9
Long-term outcomes
Follow-up, y 5[2-7] 6 [3-7] 1
Death, postdischarge, n (%) 19 (9) 13 (6) 1

TA, Tricuspid annuloplasty; TAd, tricuspid annulus diameter; N/A, not applicable; CABG, coronary artery bypass graft; JABP, intra-aortic balloon pump; PM, pacemaker.
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greater AFib occurrence. A second crossclamp time was
completed for significant residual MR detected by transeso-
phageal echocardiography in 11 patients. Ultimately suc-
cessful mitral valve repair (no or mild postoperative MR)
was achieved in all.

After surgery, median in-hospital stay was similar in both
groups as well as proportions of patients with renal failure
(2% of entire cohort), requiring postprocedure pacemaker
implantation or inotropic support (Table 2, middle panel).
There were 4 in-hospital deaths (2 in each group, P = .9)
due to low cardiac output, yielding an early mortality of
0.9%. No stroke, no systolic anterior motion of the mitral
valve after repair, no hemolysis, and no infective endocardi-
tis were reported in either group.

Incidence of TR after Mitral Valve Surgery

Median follow-up was 6 [3-9] years, with no difference
among TA groups (P = .1, Table 2, bottom panel). Overall,
21 patients (15 cases without TA and 6 with TA) were
diagnosed with moderate or greater FTR after DMR
surgical correction (Table 3), corresponding to a low
incidence of 7 = 1% at 10 years. Three patients with TA
developed severe TR lately (>6 years postsurgery for all),
all related to pacemaker implantations impinging on the
tricuspid valve leaflets. Preoperative AFib was associated
with FTR recurrence in patients without concomitant TA
based on guidelines indication (adjusted OR, 3.01; 95%
CI, 1.01-9.28, P = .049) versus patients with TA (adjusted
OR, 1.59; 95% CI, 0.22-11.44, P = .7).

The cumulative incidence of moderate/severe FTR
derived by competing risk analysis differed significantly be-
tween patients without TA and with TA (P = .01; Figure 1).
While 1-year incidence of moderate or greater FTR was 0%
in both groups, it increased to 8% [4%-13%] in patients
without TA versus 3% [1%-11%] in patients with TA at
5 years. At 10 years, cumulative incidence reached 10%
[6%-16%] in patients without TA versus 4% [1%-16%]

TABLE 3. FTR grade at baseline and during follow-up in patients,
stratified by tricuspid annuloplasty

During
FTR grade Preoperative follow-up
Patients without TA ~ No/mild FTR, n (%) 187 (90) 192 (93)
(TAd <40 mm)
Moderate FTR, n (%) 20 (10) 15 (7)

Severe FTR, n (%) 0(0) 0(0)

Patients with TA No/mild FTR, n (%) 166 (71) 228 (98)
(TAd >40 mm)
Moderate FTR, n (%) 64 (27) 6 (3)
Severe FTR, n (%) 4(2) 0 (0)

FTR, Functional tricuspid regurgitation; TA, tricuspid annuloplasty; 7Ad, tricuspid
annulus diameter.

in patients with TA (P = .01). No reoperation for moder-
ate/severe FTR was indicated in either group. When we
analyzed the longitudinal measurements of FTR (none/mi-
nor vs moderate/severe) by GLMM analysis, the probability
of moderate/severe FTR could be graphed over time in both
patient groups (without or with TA), as displayed in
Figure 2. GLMM analysis evidenced significant linear
(P = .0015) and quadratic (P = .0062) effects of time and
a significant difference between the 2 TA groups
(P = .0023).

Long-Term Mortality and Complications

At long-term follow-up, 32 deaths were recorded, 13
among patients with TA versus 19 without TA (P = .1). Sur-
vival curves stratified by TA are displayed in Figure 3, with
overall survival 85% [77%-89%] at 10 years. A trend for
greater survival in patients with TA was observed without
reaching statistical significance (hazard ratio, 0.57 [0.29-
1.10], P = .09). Indeed, overall survival was 98 + [96%-
99%] at 1 year, 95 + [91%-97%] at 5 years, and
88 + [80%-93%] at 10 years in patients with TA compared
with 98 £ [94%-99%], 94 £ [89%-97%], and 79 £ [66%-
88%], respectively, in patients without TA. Of note, the pro-
portion of patients affected by thromboembolic events was
similar in both groups (P = .1), and only 7 patients were re-
operated for recurrent MR.

Echocardiographic and Clinical Follow-Up
Assessment

Postoperative echocardiographic longitudinal data (Table
E1) showed decreased LV ejection fraction in both groups
during the first year after surgery but significantly increased
afterwards in patients without TA while remaining stable in
patients with TA (P = .03). Evolution of LV end-diastolic
diameter and LV end-systolic diameter were similar with
marked linear and quadratic time effect (both P < .0001)
with postoperative values (steadily greater in patients
with TA from the preoperative phase throughout), and
decreasing in parallel in both groups (P >.2). Mean values
remained <60 mm for LV end-diastolic diameter and
<40 mm for LV end-systolic diameter. Similarly, left-
atrial volume-index values were slightly greater in TA pa-
tients throughout the follow-up period but leveled off in pa-
tients with TA, whereas they continued to decrease in
patients without TA (P < .045). Evolution of systolic pul-
monary artery pressure was curvilinear though similar in
both groups. Also, left atrial/LV gradient (not available pre-
operatively) did not significantly change over time. Propor-
tion of patients with NYHA III/IV decreased over time
similarly in both groups (all P > .2).

DISCUSSION
Our consecutive series of patients undergoing surgery for
DMR with uniform guideline-based tricuspid management

JTCYVS Open * Volume M, Number W 5
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FIGURE 1. Impact of tricuspid annuloplasty on postoperative functional TR. Postmitral valve surgery cumulative incidence of moderate/severe functional
TR in patients with tricuspid annuloplasty (blue curve) and without tricuspid annuloplasty (red curve). Note the marked separation between curves, main-
tained throughout the entire follow-up period. Cumulative incidence of postoperative functional TR rates at 5 and 10 years are given with 95% [CI]. TA,

Tricuspid annuloplasty; 7R, functional tricuspid regurgitation.

involving TA performed in patients with severe FTR preop-
eratively (class I) or any degree of FTR and tricuspid
annulus dimension >40 mm (Class IIa) demonstrates that
this approach is safe and effective. Foremost, with such
guideline-based consistent tricuspid management the
incidence-rate of postoperative moderate or severe FTR re-
mains very low long term after surgery. Furthermore, this
result is achieved with no increase in hospital mortality or

20 -

P =.0023

_ —_
o a1
1 1

Post-operative mod/severe TR, %
(6)]

0 T T T T

morbidity in patients requiring TA. However, patients in
whom there was no indication for TA according to these
guidelines, despite presenting at baseline with a lower
tricuspid annular dimension, incurred greater postoperative
FTR incidence than those requiring TA, emphasizing the
long-term protective impact of annuloplasty ring implanta-
tion (Figure 4). This greater rate, powerfully determined by
the tricuspid annular dimension at baseline, underscores the

4

5 6 7 8 9

Follow-up, years
— Without TA — With TA
FIGURE 2. Probability of postoperative functional TR according to TA performance. Curves of GLMM probability over time to develop postoperative

moderate/severe functional TR according to concomitant TA. Note that the curve is almost flat in patients with TA (blue curve) and goes up and then de-
scends in patients without TA (red curve). Confidence bounds were obtained by bootstrapping. 7A, Tricuspid annuloplasty; 7R, tricuspid regurgitation.

6 JTCVS Open - W 2021



Dreyfus et al

Adult

100 -11.
95[91-97]1%
94[89-971%
90 A 88[80-93]%
2
g 80 A 79[66-88]%
£
=
(77}
70
P=.09
60 T T T T T T 1
0 2 6 8 10
Follow-up, years
Patients at risk
— Without TA 207 172 135 89 35 10
— WithTA 234 203 163 118 50 20

FIGURE 3. Survival stratified by TA. The figure displays Kaplan—-Meier curves for patients with (blue curve) TA and without (red curve) TA in the overall
cohort. Survival rates at 5 and 10 years are given with 95% [CI]. TA, Tricuspid annuloplasty.

potential for patients with annular diameters <40 mm to ul-
timately develop TR and the need for prospective studies to
determine the most appropriate threshold for TA indication.
Conversely, in patients postannuloplasty, incidence of TR
was extremely low, unrelated to the tricuspid annulus diam-
eter and often due to pacemaker implantation. Finally, the
link between TR and MR recurrence emphasizes the impor-
tance of the quality of the mitral repair for postoperative
outcome. While mortality tended to be lower post TA, the
difference did not reach statistical significance, empha-
sizing the importance of future multicenter prospective
cohorts. Thus, our consistent experience with proactive
tricuspid repair during DMR repair considerably increased
the number of tricuspid repairs performed (n = 234) versus
a policy just based on the presence of severe TR (n = 4) but
did not increase the risks incurred by patients and reduced
the rates of recurrent TR long term after surgery.

Annular Dilatation and TR

The tricuspid annulus is a relatively tenuous structure,
which has a high margin of physiologic variability, even
with the normal respiratory cycle.”’ Another markedly plas-
tic structure, the right ventricle, displays also considerable
physiologic variability in dimensions and shape,”' affecting
the tricuspid valve through the chordae exerting variable
traction on the leaflets, causing variable valve tenting.
Combination of annular enlargement and valve tenting
yields a variable degree of TR,” physiologically and

pathologically.”” However, despite the considerable spec-
trum of causes of TR,”* annular enlargement plays a consid-
erable role in FTR, much more than in functional MR,25 due
to the specific disposition of the tricuspid subvalvular appa-
ratus, which allows leaflet separation that can be consider-
able.” While for any given annular dilatation TR varies
according to the leaflet coverage, even patients with strictly
normal leaflets, normal pulmonary pressure, and normal left
ventricular function may display massive TR due to pure
annular dilatation,”® which adversely affects outcome.”’
Thus, while annuloplasty has been judged often insufficient
in treating functional MR,*® TA remains an essential tool in
treating and preventing TR.'” While annular dilatation
contribution to TR is well recognized,22 the causal mecha-
nisms of annular enlargement remain incompletely defined.
Previous studies have emphasized the link between atrial
fibrillation and tricuspid annular enlargement, which was
also confirmed in our study, and is probably a consequence
of right atrial enlargement in the context of AFib second-
arily affecting the tenuous tricuspid annulus, potentially
leading to severe TR.”>*"*’ AFib association with more se-
vere FTR is found in many conditions,”’-*" particularly with
DMR," and its presence should attract attention toward FTR
presence or tricuspid annulus enlargement. However,
tricuspid annulus dilatation does not just occur in AFib
but also in sinus rhythm, and deliberate measurement of
tricuspid annulus dimensions should be the rule in patients
with DMR."” In this context, what should be the appropriate
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IMPLICATION

A safe and effective approach underscoring the potential for patients TAd < 40 mm to require annuloplasty
& the need for prospective studies to determine the most appropriate threshold for this indication.

FIGURE 4. Outcome of guideline-based functional TR surgery in DMR. Top, Methods. Inclusion of 441 undergoing DMR surgery with (leff) echocardio-
graphic preoperative assessment of functional TR severity and (right) stratified by TAd receive concomitant guideline-based tricuspid annuloplasty. Middle,
Results. Long-term survival (left) stratified by TA, with a trend for greater survival in patients with TA (blue curve). Top right, Intraoperative view of TA
sizing with native tricuspid annulus (dashed line) and Carpentier-Edwards ring (dotted line). Bottom right, Impact of TA on postoperative FTR, with sig-
nificant lower FTR long-term in DMR-operated patients receiving concomitant TA based on guidelines (blue curve). Bottom, Implications for clinical care
and future research. DMR, Degenerative mitral regurgitation; 7R, tricuspid regurgitation; TAd, tricuspid annular diameter; TA, tricuspid annuloplasty; HR,

hazard ratio.

annular dimension threshold guiding interventions? Our
own intraoperative observations of 2005, referring to a pop-
ulation operated from 1989 to 2001,° were linked to the
echocardiographic annular dimension of 40 mm,'” whereas
others suggested use of annular dimension normalized to
body-surface area (21 mm/mz).31

Although mentioned by guidelines, current
thresholds are approximative, while persistence of

15,16
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notable TR incidence in patients without TA, linked to
their baseline annulus diameters in the present series,
suggests that the most effective threshold for tricuspid
repair may be <40 mm. Irrespective, discrepant observa-
tions on annular enlargement'™'* suggest that large
multicenter cohorts are warranted to examine optimal
thresholds based on outcome data to improve FTR
management.
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TR is profoundly undertreated, with fewer than 10,000
cases operated yearly of the 160,000 to 240,000 incident
cases estimated to occur in the United States.”” This obser-
vation is particularly relevant because the “benign” outcome
of TR has been proven untrue overall™ and in each specific
clinical context examined."”’" Cohorts focused on the
importance of FTR in DMR are rare, but recent data suggest
that FTR, even moderate, has a considerable impact on long-
term mortality, particularly under medical management but
continues to affect survival even after successful mitral sur-
gery.” This considerable mortality is coupled with a marked
undertreatment,” particularly striking in this highly surgical
context. Because reoperation for TR is associated with high
operative mortality and suboptimal outcomes,”* it is
essential to optimize the treatment/prevention of FTR in pa-
tients with DMR. Our cohort, unique by its size and its dense
and prolonged echocardiographic follow-up (Figures El-
E6) shows that the application of a guideline-based
approach, involving consistent application of class I and
ITa indications to the tricuspid valve management, markedly
increases the frequency with which TA is performed (vs only
class I indications), increases the bypass time, but does not
result in any increase in short- and long-term mortality or
complications of the DMR surgery. Furthermore, our unique
long-term follow-up shows a considerable benefit of TA
performance versus no tricuspid intervention in a lower inci-
dence of late moderate or severe FTR. Hence, this approach
is not only safe but effective. We believe that these outcome
observations should reassure practitioners and lead to more
consistent application of tricuspid guidelines within the
context of DMR. Recurrent FTR is often delayed postmitral
repair, and our series also emphasizes the importance of reg-
ular Doppler-echocardiographic follow-up in the decades
following the surgery.

Limitations

Although we retrospectively identified patients, TAd
measurements, FTR assessment, and all echocardiographic
and surgical data were prospectively collected, stored
immediately postmeasurement, and retrieved electronically
without modification. This study involved patients from 2
different centers but operated on by the cardiac team with
a uniform standard of care. Echocardiographic measure-
ments were not read by a core laboratory but were uni-
formly interpreted. Even though tricuspid annular
diameter measurement was not part of routine assessment,
all echocardiographic preoperative assessment of patients
referred to the cardiac team for mitral valve surgery had
TAd measurement, thus alleviating the bias of excluded pa-
tients without TA dilatation, less likely to have TAd
measured on a routine. The choice of a 40-mm cut-off for
TAd was a priori based on our previous experience

supported by guidelines but does not allow to define the
optimal annular threshold to perform TA. Data extraction
was limited to patients fulfilling our cohort’s criteria but
our study addresses for the first time the outcome following
strict application of guideline-based FTR surgery. Finally,
one weakness of all tricuspid valve studies is the lack of
consistent right ventricular function measure, which was
not been available throughout the study period. Future co-
horts of DMR analyzing TAd importance in clinical
decision-making should include AFib ablation outcome
and quantitative/consistent measure of RV function to
assess whether those provide a modulation for the perfor-
mance of TA in the context of DMR.

CONCLUSIONS

Our consecutive series of patients undergoing surgery for
DMR with uniform guideline-based tricuspid management
involving TA performed in patients with severe TR preoper-
atively (class I) or any degree of TR and tricuspid annulus
dimension >40 mm (Class Ila) demonstrates that this
approach is safe and effective. It results in a low rate of
long-term postoperative moderate or severe FTR with no in-
crease in hospital mortality or morbidity in patients
requiring TA. Patients who did not receive TA, despite a
lower tricuspid annular dimension, incurred a higher postop-
erative TR incidence than patients who underwent annulo-
plasty, emphasizing the long-term protective impact of the
annuloplasty ring implantation. This greater rate, power-
fully determined by the tricuspid annular dimension at base-
line, underscores the potential for patients with annular
diameters <40 mm to require annuloplasty and the need
for prospective studies to determine the most appropriate
threshold for this indication. Thus, our consistent experience
with proactive tricuspid repair during DMR repair, while
considerably increasing the number of tricuspid repairs per-
formed versus a policy based on presence of severe TR
alone, did not increase the risks incurred by patients and
reduced the rates of recurrent TR long term after surgery.
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FIGURE E1. Individual evolutions (/eff) and smoothed average evolution (right) of ejection fraction (LV-EF, %) during follow-up of patients with TA and
without TA. EF, Ejection fraction; TA, tricuspid annuloplasty.
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FIGURE E2. Individual evolutions (/eft) and smoothed average evolution (right) of LV-EDD (mm) during follow-up of patients with TA and without TA.
LV-EDD, Left ventricle end-diastolic diameter; TA, tricuspid annuloplasty.
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FIGURE E3. Individual evolutions (/eff) and smoothed average evolution (right) of LV-ESD (mm) during follow-up of patients with TA and without TA.
LV-ESD, Left ventricle end-systolic diameter; TA, tricuspid annuloplasty.
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FIGURE E4. Individual evolutions (/eft) and smoothed average evolution (right) of LAVI (mL/m?) during follow-up of patients with TA and without TA.
LAVI, Left atrial volume index; TA, tricuspid annuloplasty.
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FIGURE ES5. Individual evolutions (/eff) and smoothed average evolution (right) of sSPAP (mm Hg) during follow-up of patients with TA and without TA.

sPAP, Systolic pulmonary artery pressure; TA, tricuspid annuloplasty.
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FIGURE E6. Individual evolutions (left) and smoothed average evolution (right) of LA-LV gradient (mm Hg) during follow-up of patients with TA and

without TA. LA, Left atrium; LV, left ventricle; TA, tricuspid annuloplasty.
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Adult

Dreyfus et al

TABLE E1. Longitudinal echocardiographic data modeled by linear mixed-effects models in the overall cohort

Quadratic time

Parameter Intercept Linear time effect (t) effect (t%) X 1072 TA effect intercept TA effect interaction
LV-EF, % 62.1 -0.083 £ 0.019* 0.099 + 0.021°* P =.09 P=.03
60.9 -0.026 £ 0.017 0.020 £ 0.017 P =.003
LV-EDD, mm 54.4 -0.15 £+ 0.013* 0.11 £ 0.014* P =.005 P=.6
56.0 -0.16 £ 0.011* 0.11 £ 0.011* P=238
LV-ESD, mm 355 —-0.091 £ 0.011* 0.046 £ 0.012* P=.1 P=2
36.3 -0.070 £ 0.010* 0.032 £ 0.010* P=24
LAVI, mL/m? 74.8 -0.78 £ 0.045* 0.52 £ 0.048* P=. P=.02
75.8 -0.63 £ 0.040* 0.39 £ 0.040* P =.045
sPAP, mm Hg 34.8 —-0.15 £ 0.020* 0.068 + 0.021°* P=3 =.09
35.7 -0.19 £ 0.016* 0.10 £ 0.016* =)
LA-LV gradient, mm Hg 2.82 -0.0018 + 0.0030 0.0003 + 0.0030 P=4 P=1
2.74 -0.0022 + 0.0026 0.0015 + 0.0024 P=.
NYHA III/IV -1.51 —0.12 £ 0.019* 0.10 £ 0.02* P=238 =l
-1.47 -0.12 £ 0.020* 0.09 £ 0.02* =
MR > 2+ 0.062 —0.25 £ 0.053* 0.20 + 0.04* P=. P=3
0.009 -0.18 £ 0.035* 0.14 £ 0.03* P=2

For each parameter, the first line corresponds to patients without TA (light blue) and the second line to patients with TA (dark blue). TA, Tricuspid annuloplasty; LV, left ventricle;
EF, ejection fraction; EDD, end-diastolic diameter; ESD, end-systolic diameter; LAVI, left atrial volume index; sPAP, systolic pulmonary artery pressure; LA, left atrium; NYHA,

New York Heart Association functional classification; MR, mitral regurgitation. *Statistically significant (P <.0001).
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