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BACKGROUND

Secondary tricuspid regurgitation (TR) is a common manifesta-
tion of valvular heart disease, often co-existing with left-sided
valvopathies.(" Historically, a conservative strategy was recom-
mended for the majority of secondary TR as it was believed
that most cases would resolve with treatment of the left-sided
disease, when followed by decrease in pulmonary arterial sys-
tolic pressure.>® Recent evidence suggests that this may indeed
be the case with recurrent or progressive TR being uncommon
after isolated mitral valve (MV) surgery for degenerative disease.
© Furthermore, this is not limited to isolated MV surgery as
20% of patients undergoing combined mitral and aortic valve
(AV) surgery will experience spontaneous improvement of TR
within 6 months.”? However, there is evidence that secondary
TR does not always resolve. It can be a progressive disease that
may worsen over time and is associated with morbidity,
mortality, and poor functional status.("*>&!D In particular, higher
grades of TR (moderate or severe) correlate with worse clinical
and functional outcomes.'? The poorer outcomes associated
with worsening TR severity have been demonstrated to be
independent of pulmonary artery pressure or right ventricular
(RV) dysfunction.('®

ABSTRACT

Background: Secondary tricuspid regurgitation (TR) is a
common finding in patients undergoing surgery for left-
sided heart valve disease. The indications for con-
comitant tricuspid valve (TV) repair have been pro-
gressively expanded based on data suggesting adverse
sequelae for patients in whom secondary TR is not
treated.

Method: This was a prospective observational study of
patients undergoing left-sided valve surgery with at
least mild TR. Eighty-three patients were enrolled
between July 2019 - April 2021. Patients received either
conservative management (no TV repair) or con-
comitant TV repair (TV repair) based upon a guideline-
directed, multidisciplinary team approach. Primary
outcomes were freedom from recurrent TR, poor func-
tional status, and mortality at 6 months.The secondary
outcomes were to identify predictors of recurrent TR
and compare no TV repair vs. TV repair outcomes in
patients with moderate or severe pre-operative TR.
Results: The mean age was 49 * 15.5 years and 51.8%
(43 of 83) were female. Thirty-seven (44.6%) had
rheumatic heart disease.The most common procedures
involved the mitral (50.6%) and aortic (28.9%) valves in
isolation. Additional procedures were performed in 33
(39.8%) patients, including resection of the left atrial
appendage in 21 (63.6%). Pre-operative moderate or
severe TR was present in 34 (40.9%) patients, and TV
repair was performed in 9 (10.8%) patients who all
received rigid ring annuloplasty. At 6 months the 56
patients (67.5%) were free of significant TR, 14 (16.9%)
were in a poor functional state and 72 (86.7%) were
alive. Suggested predictors of recurrent TR at 6 months
were female gender (OR 9.9, p=0.04), rheumatic left-
sided valvopathy (OR 14.4, p=0.02), and elevated right
ventricular systolic pressure (OR 1.1, p<0.0l). An
exploratory sub-group analysis did not reveal any pri-
mary outcomes differences between no TV repair vs.
TV repair at 6 months, despite the latter group demon-
strating more high-risk features.

Conclusion: Guideline-directed, multidisciplinary team
approach for the management of secondary TR asso-
ciated with left-sided valve disease produced good
overall short-term outcomes that appeared similar
whether or not the TV was repaired. Prospective studies
with long-term outcomes are required to determine
the optimal treatment strategy for secondary TR in
patients undergoing left-sided valve surgery.
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Regardless of the severity, untreated pre-operative TR may
either fail to improve or progress after left-sided valve surgery
in a significant number of patients.”'% Current guidelines reflect
this reality, and have adopted a more aggressive management
approach toward secondary TR.!*1® These guidelines suggest
treating both severe and less-than-severe TR, and incorporate
symptomatology and tricuspid valve (TV) morphology into the
algorithm. The treatment of less-than-severe grades of TR with
concurrent TV repair is supported by evidence that suggests
improved RV reverse remodeling and reduced heart failure

symptoms, without increasing operative risk.®)

Despite these factors, only 80% and 40% of severe and less-
than-severe cases of secondary TR are repaired according to
the Society for Thoracic Surgeons (STS) Adult Cardiac Surgery
Database (ACSD).!® The reason for this may be that the
evidence for long term benefit after concomitant TV repair is
relatively limited.("” It remains uncertain whether concomitant
TV repair imparts a meaningful improvement to functional class
or survival.?'8% Furthermore, significant TR after TV repair is
not uncommon with up to 9% of patients experiencing early
moderate or severe TR.?% Given these factors it is not surprising
that many surgeons do not concomitantly repair the TV during
left-sided valve surgery.?" We aimed to determine the short-
term outcomes of patients with secondary TR undergoing left-
sided valve surgery by prospectively enrolling patients scheduled

for surgery.

METHOD
Study design

This was a prospective observational cohort study of con-
secutive patients undergoing left-sided valve surgery at
Tygerberg Hospital in Cape Town, South Africa. Eighty-three
patients were enrolled between July 2019 - April 2021. Inclusion
criteria included all patients older than |3 years who received
repair or replacement of the MV and or the AV or aortic root,
with at least mild TR. Exclusion criteria included none or trace
TR, primary TV disease (based on clinical features and echo-
cardiography), tricuspid stenosis, presence of pacemaker leads
through the tricuspid valve, and redo surgery. Patients who had
conservative management of TR formed the no TV repair
group, whereas those who had concomitant repair of the TV

formed the TV repair group.

Study procedures

Treatment approach

Patients were referred for surgery utilising the weekly heart
team meeting. Members of the team included 2 cardiothoracic
surgeons, | of whom was fellowship trained in structural heart

disease, 4 cardiologists with both imaging and structural heart

expertise, and | electrophysiologist. Patients who were
accepted for left-sided valve surgery had routine assessment of
the TV performed. The decision to recommend conservative
treatment of the TV vs. concomitant TV repair was based upon
a combination of internationally accepted guidelines and expert
opinion at our centre. In summary these included severe TR
(Class I); or less-than-severe TR with dilated tricuspid annulus
(TA) (240mm or 22 Imm/m?), or previous right heart failure
(RHF), or RV dilatation (Class lla).('"*'® Other features of TV
morphology that were assessed included tenting height
(distance between the coaptation point and the annular plane),
and tenting area (area contained within the TV leaflets and the
annular plane). Once a consensus was reached for each case, a
recommendation was made and documented in the clinical
notes. If the surgery differed from this initial recommendation
the reasons for this were documented in the operative notes.

There were no such cases in this study.

Operative approach

The operative approach was median sternotomy with cardio-
pulmonary bypass (CPB), mild systemic hypothermia and cold
blood cardioplegia. For MV replacement part of the contractile
apparatus was preserved where feasible. AV replacement was
done through a standard aortotomy incision. For valve replace-
ment the sizing and orientation of the prostheses was per-
formed according to manufacturer’s guidelines. Braided 2-0
sutures with pledgets were used to secure both the mitral and
aortic prostheses. Mitral annuloplasty ring size was determined
by the surface area of the anterior leaflet. The implanted left-
sided prosthesis included: St. Jude Mechanical / Regent (SJM/
SIR) (St. Jude Medical, St. Paul, MN, USA), Carpentier Edwards
(CE) Perimount (Edwards Lifesciences, Irvine, CA, USA), and
Medtronic CG Future Ring (Medtronic, Minneapolis, MN, USA).
These were selected according to the patient's informed
preferences. TV repair was performed on the arrested heart,
through an oblique right atriotomy and always involved ring
annuloplasty with the Medtronic Contour 3D Ring (Medtronic,
Minneapolis, MN, USA) using non-pledgeted braided 2-0
sutures. Sizing was performed according to the length of the
attachment of the tricuspid septal leaflet. No other TV repair

techniques were employed.

Post-operative care and follow-up

Post-operative care occurred in the specialised cardiothoracic
surgery unit at Tygerberg Hospital. Follow-up was carried out
at the outpatient cardiac surgery clinic 6 months after discharge.
This approach was tailored to each patient, and closer follow-
up occurred as required. Clinic visits consisted of a thorough
clinical assessment, and further tests if indicated. Additional
testing including laboratory, chest radiography, electrocardio-

gram, and echocardiogram were available if required. Poor
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functional status was defined as New York Heart Association
(NYHA) class Ill or IV. Features of RHF included raised jugular
venous pressure (JVP), liver congestion, ascites, or pedal edema.
Adverse events and the cause of death was determined by
hospital chart review or information from the physician on duty
at the time of the event. Clinical follow-up was complete for 76
of 83 patients (91.6%) and echocardiographic follow-up was
complete for 66 of 83 patients (79.5%).

Echocardiographic assessment

All patients underwent standard transthoracic echocardiography
pre-operatively and at 6 months after surgery employing the
current techniques recommended by the American Society of
Echocardiography.®? Only patients with an indication for trans-
esophageal echocardiography (TEE) underwent TEE. Specific
parameters evaluated included chamber dimensions, ventricular
function, valvular morphology and function, and pulmonary
artery pressure estimation derived from TR Vmax. The RV
focused apical 4 chamber views used to measure the TA dia-
meter in diastole, the tenting height and area. Leaflet tethering
was considered significant when the tenting height was more
than 8mm or the tenting area was more than [6mm?2.@)
Moderate or severe TR at the 6-month follow-up was con-

sidered significant and accordingly termed “recurrent TR".

Outcomes

The objective of the study was to assess the short-term clinical
and echocardiographic outcomes of secondary TR after left-
sided valve surgery. Primary outcomes were freedom from
recurrent TR, poor functional status, and mortality at 6 months.
The secondary objectives were to determine predictors of
recurrent TR and a sub-group analysis comparing no TV repair
vs. TV repair in patients with moderate or severe TR pre-

operatively.

Data collection

Demographic, clinical, and echocardiographic data were
collected at 2 time points during the study. The first data
collection point was at enrollment and during the course of the
index hospitalisation. The second collection point was at the

6-month post-operative clinic visit.

Statistical analysis

Continuous variables are expressed as mean and standard
deviation, or median and interquartile range as appropriate.
Categorical variables are expressed as counts and percentages.
Echocardiography data was analysed using McNemar's test and
the paired t-test where appropriate. Predictors of recurrent TR
were assessed by univariate logistic regression analysis using chi-
squared analysis or Fisher's exact test for categorical variables,
and Student'’s t-test or Mann-Whitney U-test for continuous
variables. A p-value=0.05 was considered statistically significant.

However, emphasis was placed on results reporting 95% con-
fidence intervals and clinical significance, over the p-value
results. All analysis was conducted using Statistical Package for
the Social Sciences, version 28 (SPSS Inc, Chicago, lll). Data was
analysed with the support of the Division of Epidemiology and
Biostatistics at the Faculty of Medicine and Health Sciences,

University of Stellenbosch.

Ethical considerations

The study was approved by Stellenbosch University Health
Research Ethics Committee (HREC Reference Number
S18/10/251).

RESULTS

Pre-operative characteristics

Pre-operative characteristics are summarised in Table |. Patients
were a mean age of 49.3 + |5.5 years (range, 7.3 - 79.2 years)
and 51.8% (43 of 83) were female. Atrial fibrillation (AF) was
present in 23 (27.7%) patients. Most patients were in NYHA
functional class Il (38.6%) or Ill (54.2%). Features of RHF were

TABLE I: Pre-operative characteristics.

Variable Value (n=83)
Age (years), mean (SD) 49.3 (15.5)
Female, n (%) 43 (51.8)
Comorbidities, n (%) 50 (60.2)
Hypertension 34 (41.0)
Diabetes Mellitus 8 (9.6)
Dyslipidemia 9 (10.8)
HIV 9(108)
AR N (%) 23 (27.7)
NYHA, n (%)
I I (12)
Il 32 (38.6)
Il 45 (54.2)
v 5 (6.0)
Previous RHF, n (%) 48 (57.8)
Current RHF n (%) 59 (71.1)
Etiology, n (%)
Rheumatic 37 (44.6)
Infective 22 (26.5)
Degenerative 19 (22.9)
Ischaemic 3(3.6)
Congenital 2 (24)
EuroScore 11,69 median (IQR) 2.2 (1.5;3.5)

HIV: Human Immunodeficiency Virus, AF: atrial fibrillation, NYHA: New York
Heart Association, RHF: right heart failure.



present in 59 patients (71.19%) at the time of surgery and 48
(57.8%) had been in RHF previously. Thirty-seven patients
(44.6%) had rheumatic heart disease, 22 (26.5%) had infective
endocarditis, and 19 (22.9%) had degenerative valve disease.
The median EuroScore Il was 2.2 (IQR: 1.5; 3.5).

Operative data and outcomes

Forty-two (50.6%) left-sided valve procedures were performed
that involved the MV in isolation vs. 24 (28.9%) that involved
the AV in isolation (Table Il). Combined MV / AV procedures
accounted for 13 (15.7%) cases, of which || were dual-valve
replacements and 2 were MV repair with AV replacement.

Thirty-three (39.8%) patients received additional procedures,

TABLE II: Operative data and peri-operative outcomes.

Variable Value (n=83)
Left-Sided Valve Procedure, n (%)
MV Replacement 25 (30.1)
MV Repair 17 (20.5)
AV Replacement 24 (28.9)
Combined MV / AV 13 (15.7)
Aortic Root Repair or Replacement 4 (4.8)
Additional Procedure, n (%) 33 (39.8)
LAA Resection 21 (63.6)
CABG 9 (27.3)
Other 309.1)
Concomitant TV Repair, n (%) 9 (10.8)
Procedural Time (min)

CPB, mean + SD 1633 £ 534
AOC, mean + SD 1212 + 43.1
LOS (days), median (IQR) 18.0 (12.0;28.0)

Excluding Infective Endocarditis 15.0 (10.0; 19.5)
Morbidities, n (%) 24 (289)
POAF 10 (12.0)
Pneumonia or Prolonged Intubation 6(72)
Wound Infection 7 (8.4)
Relook for Bleeding 5 (6.0)
Permanent Pacemaker I (1.2)
UTl 3(3.6)
MACCE 3(3.6)
Mortality (30-Day), n (%)
Cardiac I (1.3)
Non-Cardiac 0

MV: mitral valve, AV: aortic valve, LAA: left atrial appendage, CABG: coronary
artery bypass grafting, TV: tricuspid valve, CPB: cardiopulmonary bypass,
AOC: aortic cross clamp, LOS: length of stay, POAF: post-operative atrial
fibrillation, UTI: urinary tract infection, MACCE: major adverse cardiac or
cerebrovascular event.

and most of these were for resection of the left atrial appendage
(LAA) (63.6%) and coronary artery bypass grafting (CABG)
(27.3%). TV repair was performed in 9 (10.8%) patients who all
received Medtronic 3D contour ring annuloplasty. No other TV
repair techniques were employed. CPB time was 163.3 £ 534
minutes and the aortic cross clamp time was [121.2 £ 43.1
minutes. The length of hospital stay from surgery to discharge
was |8 (IQR 12.0; 28.0) days for the entire group vs. 15 (IQR
10.0; 19.5) days excluding those with infective endocarditis.

Operative outcomes are listed in Table Il. One (1.2%) patient
required a permanent pacemaker (PPM) for complete heart
block following a double valve procedure (MV repair and AV
replacement) with no TV repair. Major adverse cardiac and
cerebral events (MACCE) occurred in 3 (3.6%) patients who
had low cardiac output syndrome due to severe RV failure.
There were no cases of cerebrovascular accident or myocardial
infarction. There was | (1.3%) operative death that occurred
due to a complication of AV replacement on post-operative

day one.

We defined this in the methods under post-operative care and
follow up section: “Clinical follow-up was complete for 76 of
83 patients (91.6%) and echocardiographic follow-up was
complete for 66 of 83 patients (79.5%)".

At this point (i.e. operative and preoperative data we had a
complete dataset, and there was no loss to follow up yet -
therefore n=83).

Clinical outcomes

At 6 months the freedom from recurrent TR, poor functional
status, and mortality was 56 (84.8%), 69 (90.8%), and 72
(94.7%) respectively (Table Ill). The numerator for recurrent
TR is 66 (available echo data), and for poor functional status
and mortality it was 76 (available clinical follow-up data). At 6
months there were 4 (5.3%) readmissions for heart failure, and
3 of these patients ultimately demised. The remaining read-
mission was due to left ventricular (LV) failure from rapid
ventricular response and inadequate rate control in the setting
of chronic AF. At 6 months, 4 (5.3%) patients had died from
cardiac causes. There were no non-cardiac deaths. Two
patients demised due to RV failure. Both patients had poor pre-
operative RV function (TAPSE |3mm and [4mm respectively),
with significant pre-operative TR being present in | patient. The
third mortality at 6 months was due to LV failure from a throm-
bosed MV prosthesis due to subtherapeutic anticoagulation.
The fourth death was classified as an operative or early death
within 30 days and was described in the preceding paragraph:
“There was | (1.3%) operative death that occurred due to a

complication of AV replacement on postoperative day one”.
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Echocardiographic data of the entire cohort
Pre-operative moderate or severe TR was present in 34
(41.0%) patients (Table IV). The proportion of patients with

moderate or severe TR decreased significantly over the study

TABLE IlI: Clinical outcomes of the entire cohort.

Variable Patients (n=76)
NYHA

[ 51 (67.1)

Il 18 (23.7)

i 4 (5.3)

v I (1.3)
Mortality (6-month)

Cardiac 4(5.3)

Non-Cardiac 0
Readmission for Heart Failure 4 (5.3)

Freedom from

Recurrent TR (n=66) 56 (84.8)
Poor Functional Status 69 (90.8)
Mortality 72 (94.7)

NYHA: New York Heart Association, Recurrent TR: moderate or severe tricuspid
regurgitation at 6 months, Poor Functional Status: NYHA class Il or IV at 6
months, Freedom from Mortality: overall at 6 months.

period (41% vs. 13.6%, OR 0.3, p<0.01). The chamber dimen-
sions, including LV end-systolic diameter (LVIDs 41.9 £ 9.9mm,
95% Cl: 39.8 - 44.0 vs. 36.1 £ 89mm, 95% ClI: 34.1 - 38.1,
p<0.01), left atrial (LA) area (32.5 £ 13.0mm? 95% Cl: 29.7 -
353 vs. 23.7 £ 87mm? 95% ClI: 21.7 - 25.7, p<0.0l), and
right atrial (RA) area (20.5 £ 7.6mm?, 95% Cl: 18.8 - 22.2 vs.
176 + 54mm? 95% Cl: 164 - 188, p<0.0l) improved
significantly between the pre-operative and follow-up studies.
The RV systolic function worsened over the study period
(TAPSE 18.5 £ 53mm, 95% Cl: 174 - 19.6 vs. 15.5 £ 3.5mm,
95% ClI. 147 - 16.3, p<0.0l) even though the RV systolic
pressure (RVSP) improved (53.3 £ 19.ImmHg, 95% CI: 49.2 -
574 vs. 327 £ [47mmHg, 95% ClI 29.3 - 36.1, p<0.0l).
Measurements of pre-operative TV morphology revealed TA
diameter (42.5 £ 7.3mm, 95% Cl: 40.9 - 44.1), tenting height
9.1 £ 27mm, 95% ClI: 85 - 9.7), and tenting area (4.6 £
5.7mm? 95% Cl: 134 - 15.8).

Predictors of recurrent TR

Logistic regression was restricted to univariate analysis due
to the limited study power. Variables that appeared to be
significant were female gender (OR 9.9, 95% CI: 1.2 - 84.7,
p=0.04), rheumatic left-sided valve (OR [4.4, 95% CI. 1.7 -
123.6, p=0.02), and RVSP (OR I.1, 95% CI: 1.0 - 1.1, p<0.01)
(Table V). AF (OR 3.8, 95% CI: 0.9 - 15.9, p=0.07), RHF (OR

TABLE IV: Echocardiographic data of the entire cohort pre-operatively and at 6 months.

Variable Pl’e-op(enr:;i;/)e value
Left Heart, mean £ SD (95% Cl)

LVEF (%) 483+ 134 (454 -512)
419 £99 (398 - 440)

325 % 130 (297 - 353)

LVIDs (mm)
LA Area (cm?)
Right Heart, n (%) or mean £ SD (95% ClI)

TR

None 0
Mild 49 (59.0)
Moderate 24 (28.9)
Severe 10 (12.0)

RA Area (cm?) 205 £7.6(188-222)

TAPSE (mm) 185 + 5.3 (174 - 19.6)
533+ 19.1 (492 - 57.4)

42.5 £ 7.3 (409 - 44.1)

RVSP (mmHg)

TA Diameter (mm)

Mild TR (mm)
TV Tenting Height (mm)
TV Tenting Area (mm?)

41,1 + 64 (3921 - 42.79)
9.1 £27 (85-97)
146 +57 (134 - 15.8)

6-month value

(n=66) p-value

49.1 + 11.3 (465 -517) p=047
36.1 £ 89 (34.1 - 38.1) p<00l
237 £ 87 (21.7-257) p<00I
28 (43.1) p<00]

28 (43.1) p=006

8 (123) p=00I

| (15) p=003

17.6 + 54 (164 - 188) p<00I

155 +35 (147 - 163) p<00l

327 £ 147 (293 - 36.1) p<00l

LVEF: left ventricle ejection fraction, LVIDs: left ventricle internal dimension in systole, LA: left atrium, TR: tricuspid regurgitation, RA: right atrium, TAPSE: tricuspid annular plane
systolic excursion, RVSP: right ventricle systolic pressure, TA: tricuspid annulus, TV: tricuspid valve.



TABLE V: Predictors of recurrent TR.

Univariable OR

Variable (95% Cl) p-value
(n=83)

Demographic

Age 1.0 (0.9 - 1.0) p=0.55
Female Gender 9.9 (12-847) p=0.04
Left-Sided Rheumatic Etiology 144 (1.7 - 123.6) p=0.02
AF 3.8 (09 - 15.9) p=0.07
RHF 22(03-192) p=0.48
NYHA Class (lI/IV) 04 (0.1 - 1.7) p=022

Operative

TVA 02 (0.1 - 124) p=0.83
Concomitant Procedure 3.6 (08 - 16.0) p=0.09
Echocardiographic

TA Diameter (mm) I.I (1.0-1.2) p=0.35
TV Tenting Height (mm) I.I (0.8 - 1.5) p=0.52
TV Tenting Area (mm?) 1.0 (09 -12) p=0.87
iicortaET R R
RVSP (mmHg) I.I(1.0-1.1) p<00l
TAPSE (mm) 1.0 (0.8 - I.1) p=0.65
LVEF (%) I.I(1.0-L.1) p=0.08
LA Area (mm?) 1.0 (1.0- I.1) p=0.11
RA Area (mm?) I.I (1.0-1.2) p=0.12

AF: atrial fibrillation, TVA: tricuspid valve annuloplasty, RHF: right heart failure,
NYHA: New York Heart Association, TA: tricuspid annulus, TV: tricuspid valve,
TR: tricuspid regurgitation, RVSP: right ventricle systolic pressure, TAPSE: tricuspid
annular plane systolic excursion, LVEF: left ventricle ejection fraction,

LA: left atrium, RA: right atrium.

2.2, 95% CI: 0.3 - 19.2, p=0.48), concomitant procedure (OR
3.6, 95% CI. 0.8 - 16.0, p=0.09), and significant pre-operative
TR (OR 3.6, 95% CI: 0.8 - 16.0, p=0.09) trended towards an
increased risk for recurrent TR at 6 months. We were unable
to demonstrate an association of TA diameter, TV tenting
height or area, TAPSE, LVEF, or atrial size with recurrent TR at

6 months.

Sub-group analysis of no TV repair vs.TV repair
in patients with moderate or severe pre-
operative TR

Pre-operative characteristics and echocardiographic data
between the groups are summarised in Table VI. There were
25 patients with moderate or severe pre-operative TR that did
not receive TV repair, which included 20 (80%) with moderate
TRand 5 (20%) with severe TR. The TV repair group had larger
pre-operative TA diameter than no TV repair for patients with

moderate TR (42.4 £ 5.Imm, 95% Cl: 40.4 - 444 vs. 483 £

6.9mm, 95% ClI: 43.8 - 52.8, p=0.03), although not for severe
TR. Pre-operative TV tenting distance (9.3 £ 2.0mm, 95% Cl:
85-10.1 vs. 13.1 £ 23mm, 95% Cl: 11.6 - 14.6, p<0.0l) and
TV tenting area (I15.1 £ 5.1mm, 95% CI: 13.1 - 17.1 vs. 21.8
4.1mm, 95% Cl: 19.1 - 24.5, p=0.01) were larger in TV repair
compared with no TV repair. At 6 months patients with TV
repair had worse LVEF (52.7 £ 10.7%, 95% CI: 48.0 - 574 vs.
41.5 £ 87%, 95% CI: 34.5 - 48.5, p=0.03) than those with no
TV repair, yet the remaining echocardiographic outcomes
between the groups were comparable. Patients in the TV repair
group had either no change (n=2), or improvement by | (n=3)
or 2 grades (n=2) of TR at 6 months. Table VIl summarises the
operative data and outcomes between the groups. Resection of
the LAA occurred more frequently in the TV repair group
(28.0% vs. 66.7% p=0.04). Cardiopulmonary bypass and cross
clamp times were numerically greater in the TV repair group.
Operative morbidity and mortality between the groups were
similar, although pneumonia or prolonged ventilation was more
frequent in the TV repair group (0% vs. 22.2% p=0.02). The
groups had comparable (2.7% vs. 11.1% p=0.20) MACCE.
There was no difference in functional status, mortality, read-
mission, or recurrent TR at 6 months between the no TV repair
and TV repair sub-groups.

DISCUSSION

We found good short-term outcomes in a heterogenous group
of patients with secondary TR undergoing left-sided valve
surgery employing a guideline-directed, multidisciplinary team
approach. The primary outcomes for the entire cohort were
characterised by high rates of freedom from recurrent TR
(86.2%), poor functional class (90.8%), and mortality (94.7%) at

6 months after surgery.

There are limited and often conflicting data to inform whether
these results can be sustained over the medium and long term,
especially among patients with no TV repair.?" The natural
history and outcomes of secondary TR depend on numerous
factors, including etiology of the left-sided valvopathy, degree of
pulmonary hypertension, pre-operative TR grade, TA dimen-
sion, RV function, and tenting height and tenting area making it
difficult to generalise and create a uniform approach.(” There is
conflicting evidence surrounding the notion that progression of
TR and deterioration of functional status occurs over time
when secondary TR is managed conservatively. At 4.8 years
after MV repair for degenerative MV disease, in patients with
significant TA dilatation and varying degrees of TR, recurrent
TR and worse NYHA functional status was more frequent in
those without TV repair than those who had TV repair, yet
their mortality rates were similar.®® At 4 years significant recur-
rent TR was more common in patients who did not undergo

TV repair in a cohort of patients undergoing MV replacement
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TABLE VI: Pre-operative characteristics and echocardiographic data of no TV repair vs. TV repair in patients with moderate or

severe pre-operative TR.

Variable
Pre-operative
Age (years), mean (SD)
Female, n (%)
Comorbidities, n (%)
AFn (%)
NYHA, n (%)
I
Il
I
Y
Previous RHF n (%)
With Pre-operative
Moderate TR
Severe TR
Etiology, n (%)
Rheumatic
EuroScore 11,69 median (IQR)

Echocardiographic
Pre-operative
Six-month

Left Heart, mean £ SD (95% CI)

LVEF (%)
Pre-operative
Six-month

LVIDs (mm)
Pre-operative
Six-month

LA Area (cm?)
Pre-operative
Six-month

Right Heart, n (%) or mean £ SD (95% ClI)

TR (Moderate or Severe)
Pre-operative
Moderate
Severe

Six-month
Moderate
Severe

RA Area (cm?)
Pre-operative
Six-month

TA Diameter (mm)
With Pre-operative
Moderate TR
Severe TR

TV Tenting Height (mm)
With Pre-operative
Moderate TR
Severe TR

TV Tenting Area (mm?)
With Pre-operative
Moderate TR
Severe TR
TAPSE (mm)
Pre-operative
Six-month

RVSP (mmHg)
Pre-operative
Six-month

No TV Repair
(n=25)
472 (14.7)
13 (52.0)

15 (60.0)

7 (28.0)

0
8 (320)
16 (64.0)
| (40)
16 (640)

Il (550) (n=20)
5 (1000) (n=5)

14 (56.0)
28 (20)

(n=25)
(=20)

464 + 143 (408 - 52.0)
527 + 107 (480 - 57.4)

416 +97 (37.8 - 45.4)
340 + 7.5 (307 - 37.3)

357 + 155 (289 - 42.5)
234 + 69 (204 - 26.4)

25 (100.0)

20 (80.0)
5 (200)

8 (400)
7 (87.5)
I (12.5)

206 £7.0 (179 -23.3)
177 £50 (155-19.9)

422 + 60 (399 - 44.6)
424 £ 5.1 (404 - 44.4)
41.6 +9.4 (379 - 45.3)
93+20(85-10.1)
9.5+20 (87 - 103)
86+ 18(79-93)
15.0 + 5.1 (13.1 - 17.1)

55+ 5.1 (13.5-17.5)
134 £55(11.2-15.6)

17.6 + 53 (155 - 19.7)
154 +38(137-17.1)

624 £22.1 (537-71.1)
345 £ 19.6 (259 - 43.1)

TV Repair
(n=9)
429 (14.2)
5 (55.6)
7 (77.8)
5 (55.6)

0
4 (44.4)
4 (44.4)

L)
7 (77.8)

2 (500) (n=4)
5 (1000) (n=5)

9 (1000)
29 (14)

432 + 7.4 (384 - 480)
415 + 87 (345 - 48.5)

413 +82 (359 - 46.7)
402 + 2.4 (383 - 42.1)

365 + 84 (307 - 42.3)
265+ 7.1 (208 - 32.2)

9 (1000)
4 (44.4)
5 (55.6)

| (167)
| (100.0)
0

285 + 83 (228 - 343)
207 +72 (149 - 265)

49.1 + 102 (424 - 558)
483 + 69 (438 - 52.8)
49.8 + 130 (413 - 583)
131 23 (116 - 14.6)
133+ 25 (117 - 149)
130+ 24 (114 - 14.6)
218 £ 4.1 (19.1 - 245)

21.3£38(188-23.8)
222 £47 (19.1 -25.3)

5.6 £ 63 (11.2-200)
138 £35(11.0-16.6)

574 £ 228 (425-723)
385 £ 6.1 (33.6-434)

p-value

p=0.45
p=0.86
p=0.34
p=0.14

p=0.31
p=0.44
p=045

p=086

p=003
p=075

p=04|
p=003

p=093
p=0.06

p=0.89
p=0.35

TV: tricuspid valve, AF: atrial fibrillation, NYHA: New York Heart Association, RHF: right heart failure, TA: tricuspid annulus, TR: tricuspid regurgitation, RVSP: right ventricle systolic
pressure, TAPSE: tricuspid annular plane systolic excursion, LVEF: left ventricle ejection fraction, LVIDs: left ventricle internal dimension in systole, LA: left atrium, RA: right atrium.



TABLE VII: Operative data and outcomes of no TV repair vs. TV repair in patients with moderate or severe pre-operative TR.

Variable No TV Repair TV Repair p-value
Operative data (n=25) (n=9) ®
Left-Sided Valve Procedure, n (%) E
MV Replacement 10 (40.0) 8 (88.9) p=0.0lI <
MV Repair 9 (36.0) 0 p=0.20 <<
AV Replacement 10 (40.0) I (111 p=0.16 mI
Additional Procedure, n (%)
LAA Resection 7 (28.0) 6 (66.7) p=0.04 9
CABG 3(12.0) 0 p=028
Procedural Time (min)
CPB, mean + SD (95% Cl) 1504 + 34.8 (136.8 — 164.0) 2009 + 74.5 (152.2 — 249.6) p=0.08
AOC, mean + SD (95% Cl) 1122 £ 31.7 (99.8 — 124.6) [41.1 + 583 (103.0 - 179.2) p=0.07
Operative outcomes (n=25) (n=9)
Morbidities, n (%)
POAF 5 (20.0) NN p=0.55
Pneumonia or Prolonged Intubation 0 2(22.2) p=0.02
Wound Infection 3 (120) I (111 p=0.94
Relook for Bleeding 4 (16.0) 0 p=0.20
Permanent Pacemaker 0 0 -
UTl I (4.0) 0 p=0.70
MACCE 2 (27) (INQAND) p=0.78
Mortality (30-day), n (%)
Cardiac 0 0 -
Non-Cardiac 0 0
Six-month outcomes (n=23) (n=7)
NYHA
I 15 (65.2) 5(714) p=0.76
Il 6 (26.1) I (14.3) p=0.52
1l 2 (8.7) I (14.3) p=0.78
Y 0 0 -
Mortality
Cardiac I (4.3) I (14.3) p=0.36
Non-Cardiac 0 0
Readmission for Heart Failure I (4.3) | (14.3) P=0.36
Freedom from
Recurrent TR 15 (75.0) 5(83.3) p=0.67
(n=20) (n=6)
Poor Functional Status 21 (91.3) 6 (85.7) p=0.67
Mortality 22 (957) 6 (85.7) p=0.36
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TVA: tricuspid valve annuloplasty, MV: mitral valve, AV: aortic valve, LAA: left atrial appendage, CABG: coronary artery bypass grafting, TV: tricuspid valve, CPB: cardiopulmonary
bypass, AOC: aortic cross clamp, POAF: post-operative atrial fibrillation, UTI: urinary tract infection, MACCE: major adverse cardiac or cerebrovascular event, NHYA: New York
Heart Association, Recurrent TR: moderate or severe tricuspid regurgitation at 6 months, Poor Functional Status: NYHA class Il or IV at 6 months, Freedom from mortality:
overall at 6 months.

for rheumatic disease, despite both groups having less than status, and mortality.?” In contrast, another study showed that
moderate TR pre-operatively.?® A third study found that 5 at 5.5 years TR progression was unusual in patients undergoing
years after MV repair for secondary MR, patients with pre- repair of degenerative MV disease without TV repair.?® Our
operative moderate or more TR who did not have TV repair practice was generally characterised by selective treatment of

had a significantly higher risk of recurrent TR, poor functional severe TR associated with various left-sided valvopathies, yet



mostly conservative treatment of less-than-severe TR, where
other factors like RHF and TV morphology were considered to

reach a treatment decision.

The effect that various left-sided valvopathies had on secondary
TR outcomes after conservative TV management was sum-
marised by Song, et al.?” who reported that rates of recurrent
moderate or severe TR at 8.5 years in 638 patients with pre-
operative mild TR, was 8% - 26% for rheumatic MV disease, 5%
for degenerative MV disease, and 3% for mixed aortic valve
disease. Our study included a significant proportion of patients
with rheumatic valve disease (44.6%) associated with mild
(66.2%) and moderate or more (33.8%) pre-operative TR who
did not undergo TV repair. The long-term outcomes of this
cohort are difficult to predict, however it is likely that these
patients remain at risk of recurrent TR. Longer follow-up is

required to clarify the risk.

Despite these long-term concerns, this study demonstrated
that our multidisciplinary team used an individualised, evidence-
based approach to achieve good short-term results in this
cohort of patients. We performed TV repair for those who had
class I indications (i.e. severe TR). In contrast, patients with class
[l indications for concomitant TV repair (i.e. less-than-severe TR
with TA dilatation or previous RHF) were generally treated
more conservatively unless compelling indications for surgery
existed such as severely enlarged TA or significant TV tethering.
This study had a high proportion of patients with mild pre-
operative TR (59.0%) who had TA measurement exceeding
40mm (mean=41.Imm). None of these patients received TV
repair despite the guidelines suggesting a class Il indication for
concomitant repair in these circumstances. The 6-month out-
comes in this group remained satisfactory in the vast majority of
patients. For patients who had moderate TR with TA dilatation
(mean=42.4mm), it could be argued that we should have
pursued a more aggressive approach as 7 patients had moderate
TR at 6 months. Our approach yielded good short-term out-
comes and these patients (especially the group with moderate
TR) should be followed in the medium and long term to
monitor the evolution of TR, A recent trial supported this
cautious approach to less-than-severe secondary TR.(? That
trial demonstrated that even though recurrent TR was more
common in the no TV repair group at 2 years, the risk of major
adverse outcomes, poor functional status, and death were the
same in the 2 groups, whereas the PPM rate was almost 6 times
higher in the TV repair group. Based on these results, Chikwe
and colleagues suggest these seemingly benign medium-term
consequences of recurrent TR, together with the significantly

increased risk for PPM mean that an aggressive approach to TV

repair is probably not warranted — especially not for high risk
patients.®” None of the patients in this study undergoing TV

repair required PPM implantation post-operatively.

Reported predictors of recurrent TR after left-sided valve
surgery include age, female gender, rheumatic left-sided
valvopathy, increased pulmonary artery (PA) pressure or RVSP,
AF, RHF, pre-operative TR severity, TV morphology, impaired
ventricular function, and increased atrial size.0?!19213132) Thjs
study demonstrated similar findings, with female gender, left-
sided rheumatic valve disease, and increased RVSP being signi-
ficant risk factors for recurrent TR, Although AF, RHF, and pre-
operative TR severity did not reach statistical significance, there
was a trend to an increased risk of recurrent TR. True differences
between the groups were probably underestimated due to
the small numbers in our study. Considering that recurrent TR
has not been conclusively linked with poorer clinical outcomes
in the long term, some authors!'” believe that it may actually
be these underlying pre-operative risk factors that are more
important for the long-term outcomes of patients with sec-
ondary TR. However, they emphasise that 5-year follow-up
may not be long enough to assess the true effect of significant
TR, which may have a long latent period before significant

effects on the heart are observed.

The exploratory analysis between no TV repair and TV repair
should be interpreted with caution and is meant to be purely
hypothesis generating due to the limited numbers in the
groups. No differences in the 6-month outcomes between
these sub-groups were detected. The early operative outcomes
between the groups were also similar. These seemingly
comparable results between the no TV repair and TV repair
groups occurred despite the latter demonstrating a higher risk
profile including more rheumatic heart valve disease, mitral
valve replacement, and LAA resection. There was | (1.4%)
operative death due to a complication of AV replacement that
occurred in the no TV repair group. The observed operative
mortality for this diverse group of patients compares favorably

with rates of 4% as reported by other authors.*3

The implantation of | (1.4%) PPM was required for complete
heart block which occurred following a dual-valve procedure in
the no TV repair group. Although this tentative analysis did not
demonstrate a higher risk of PPM implantation in the TV repair
group, there is conflicting data regarding the risk of PPM after
TV repair. Even though a systematic review of mostly observa-
tional data failed to demonstrate an association between TV
repair and need for early PPM implantation,® a recent trial
revealed that the incidence of pacemaker implantation was

significantly higher in the concomitant TV repair group.('?)



[t is not unexpected that even with low rates of recurrent TR
and significantly improved RVSP, RV dysfunction (as measured
by diminished TAPSE) was still present at 6 months. There is
evidence that irrespective of TV repair status, early RV dysfunc-
tion tends to worsen for all patients undergoing surgical repair
of MV disease, except in those with pre-operative severe TR
and significant RV dysfunction, who often demonstrate transient
early improvement in RV function.®¥ The reasons for early RV
dysfunction are uncertain, but may include post-surgical changes
from sub-optimal intra-operative myocardial protection of the
RV, or could reflect the effect of various loading conditions on
the heart (e.g. post-operative changes in pre- and afterload).®%
Additionally, we demonstrated that LV dysfunction (measured
by LVEF) at 6 months appeared to be more pronounced in the
TV repair group. In light of the preceding discussion about RV
dysfunction, this is not surprising as it is well established that
the function of both ventricles is intimately linked.®> Reas-
suringly, others have found that medium- to long-term out-
comes at 3 - 5 years demonstrated that RV dysfunction
resolved, and the improvement of RV function and TAPSE
occurred sooner in patients with TV repair vs. no TV repair.('*39
In our study, longer follow-up is required to confirm whether or
not this subsequent improvement of RV and LV function occurs.
[t would also be valuable to have additional parameters to
assess RV function, including echocardiography based myo-
cardial performance index and RV fractional area change, and
cardiovascular magnetic resonance assessments of chamber

volume and function.®

In conclusion, this study has shown that careful and individualised
application of secondary TR guidelines produced good short-
term results. Overall, the cohort demonstrated low rates of
recurrent TR that were associated with good functional status
and low mortality at 6 months. The similar results between the
sub-groups are encouraging considering that the TV repair
group had more pre-operative and operative risk features than
the no TV repair group. It was also reassuring to note that PPM
rates were low. Although we have demonstrated good short-
term outcomes, longer follow-up is required to assess the long-
term outcomes of patients undergoing left-sided valve surgery
with associated secondary TR in order to clarify indications for

concomitant TV repair.

LIMITATIONS

This study had a number of limitations. It was a single centre
study and therefore the results may not be generalisable.
Observational studies are also open to treatment allocation

bias and hidden confounders. Furthermore, the inclusion of

various types of left-sided heart valve disease may have a
confounding effect on TR outcomes. The study duration was
relatively short and further follow-up is necessary to determine
the long-term effects on clinical and echocardiographic
outcomes of secondary TR, The small sample size was under-
powered to allow adequate comparisons between no TV repair
and TV repair or inferences about predictors of TR. Inclusion
of patients with rheumatic heart disease may confound the
etiology of TR (histopathological testing was not uniformly
performed), and lead to the erroneous inclusion of patients
with primary rheumatic TV involvement. To mitigate this TV
morphology was carefully interrogated to ensure that only

cases of secondary TR were included.
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