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Aims The prevalence, the aetiologies, and the clinical features of tricuspid regurgitation (TR) in the context of concomitant de-
generative mitral valve (MV) disease are poorly defined. This paper aims to assess the prevalence, determinants, and clinical
consequences of TR in severe degenerative mitral regurgitation (DMR)

Methods Clinical and echocardiographic characteristics were collected among patients with severe DMR. A total of 884 patients were
and results included in our study, 31% with > moderate TR. Tricuspid valve prolapse (TVP) was the most common aetiology (487 pa-
tients, 55%), followed by atrial functional TR (AFTR, 172 patients, 19%) and ventricular functional TR (VFTR, 42 patients,
5%), while TR aetiology was classified as mixed in 183 (21%) patients. Patients with TVP were younger and had a better
clinical presentation, few comorbidities, and less haemodynamically relevant TR. Patients with VFTR were characterized
by older age, worse clinical presentation, and both highest comorbidity rate and prevalence of >mild TR. Patients with
AFTR showed an intermediate profile of clinical presentation and comorbidities and the largest tricuspid annulus (TA) diam-
eter. MV surgery was performed in 785 (88%) patients; 132 (15%) underwent simultaneous TV intervention, more often
patients with AFTR (32%). TA dilatation [odds ratio (OR) 3.68, 95% confidence interval (Cl) 2.05-6.62, P < 0.001] and
>mild TR (OR 9.30, 95% CI 5.10-16.95, P < 0.001) were independently associated with TV intervention.

Conclusion In patients with severe DMR, TR presents with different aetiologies, clinical features, and echocardiographic phenotypes that
require a comprehensive assessment at the time of DMR surgery to ensure the best management for these patients.
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Graphical Abstract

Tricuspid Regurgitation assessment in 884 patients with severe DMR

Moderate-to-severe and severe TR
associated with:

[ ]
m NYHA class lI/IV

‘"-’ Chronic Kidney Disease i

Organic TR due to TV prolapse:

Highest prevalence

Better NYHA class at presentation

Lowest Charlson Comorbidity Index score

Remarkably associated with myxomatous MV degeneration
Lowest rate (14%) of surgical management

Adjusted for RV dysfunction, PASP, RA pressure

Atrial Functional TR:

Second most common TR aetiology

Intermediate profile for severity of clinical presentation and
comorbidities

Largest TA absolute and indexed diameter

Most often (32%) managed with concomitant TV intervention

[ Organic TR [l Atrial Functional TR &

[] Mixed aetiology W Ventricular Functional TR

Ventricular Functional TR:

Least frequent TR subtype

Worst clinical presentation (83% > NYHA class II)
Highest Charlson Comorbidity Index score
Highest prevalence of RV dysfunction
Intermediate rate (16%) of surgical management

Left: Clinical consequences of TR and different prevalence of each TR aetiology. Right: Prevalence, main clinical and echocardiographic character-

istics, and surgical management for each TR subtype.
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Introduction

Tricuspid regurgitation (TR) frequently coexists in patients with severe
degenerative mitral regurgitation (DMR).1'2 Although in this context TR
has traditionally been considered functional, as a consequence of pul-
monary hypertension (PH) due to volume overload and left heart re-
modelling, the pathogenesis of TR is complex and multifactorial.
Recent data have revealed that different abnormalities can affect the
tricuspid valve (TV) apparatus in the presence of DMR 2~ In a large co-
hort of patients with isolated DMR of all grades, functional TR was
common, strongly linked to atrial fibrillation (AF), and associated with
worse clinical presentation and mortality at long term. Recently, a car-
diac magnetic resonance (CMR)-based study® showed that TV prolapse
(TVP) was a frequent finding among patients with all grades of organic
mitral disease severity and more often associated with advanced TR se-
verity compared with patients without TVP. Despite these data, the
prevalence, the clinical presentation, and the echocardiographic charac-
teristics of TR in patients with DMR remain unclarified, with concerns
mostly persisting due to a heterogeneity of TR presentation.
Moreover, the best therapeutic management of TR in patients under-
going surgery for severe DMR s still a matter of debate. Current guide-
lines recommend a Class | indication for concomitant TR intervention

in patients undergoing surgery for severe DMR only in case of severe
TR:3? the surgical management of less than severe concomitant TR is
controversial, suffering from mixed inconclusive results,'®"* which, in
particular, have led to a Class lla indication in case of concomitant mod-
erate TR. Reporting how TR aetiology, in terms of morphological abnor-
malities and associated comorbidities, affects TR surgical management in
a large real-world cohort of severe DMR is helpful to understand the
most appropriate treatment for these patients in such a complex
scenario.

The aim of this study is to explore the prevalence of different aetiolo-
gies of TR, the echocardiographic features, the clinical consequences,
and the surgical management in a cohort of severe DMR with compre-
hensive clinical and echocardiographic characterization.

Methods

Study population

Patients with isolated DMR defined mitral valve (MV) prolapse or flail leaflet
with severe MR and with comprehensive clinical/echocardiographic character-
ization, including TR grading and mechanism, evaluated at our centre (San
Raffaele Scientific Institute, Milan, Italy) between November 2018 and
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Echocardiographic exams at our centre between November 2018

and November 2022
N= 57570
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Any degenerative mitral valve regurgitation
N=2811 (4%)

v

Mild MR N=998
> Moderate MR N= 529
Moderate to Severe MR N=312

Severe degenerative mitral regurgitation
N=972 (1.7%)

- 5

Severe aortic stenosis N=2

A\

Severe aortic regurgitation N=15
Previous MV intervention N= 12
¥ Active MV endocarditis N=2

Poor acustic window for TR
evaluation N=59

Final patient population
N= 884 (1.5%)

Lead-induced TR N=8
N _/

Figure 1 A flow chart of the study population.

November 2022, were enrolled in the cohort study. The exclusion criteria
were as follows: previous MV intervention, active MV endocarditis, severe aor-
tic valvulopathies, lead-induced TR, and poor acoustic window for TV appar-
atus evaluation (Figure 7). The study protocol was conducted according to the
ethical guidelines of the 1975 Declaration of Helsinki and was approved by the
institutional review board (LOCOMOTRI study protocol).

A complete clinical evaluation for symptoms, functional class, major co-
morbidities (Charlson comorbidity index score), and data regarding base-
line haemoglobin, creatinine, aspartate transaminase (AST, normal values
<48 U/L), alanine transaminase (ALT, normal values <55 U/L), total biliru-
bin (normal values <1.2 mg/dL), and gamma-glutamyl transferase (GGT,
normal values <40 U/L) were collected. A history of chronic kidney disease
(CKD) was defined as an estimated glomerular filtration rate (eGFR)
<60 mL/min/1.73 m* for at least 3 months; hepatic congestion was arbitrar-
ily defined as values twice the upper normal limit for at least one out of AST,
ALT, GGT, and total bilirubin. Anaemia was defined as haemoglobin levels
<120 g/dL in women and <13.0 g/dL in men according to the World
Health Organization definition.” Information regarding MV surgery and
concomitant TV intervention was also assessed.

Echocardiographic assessment

All patients were evaluated with 2D and 3D transthoracic echocardiography
(TTE) and transoesophageal echocardiography (TOE) or only TTE. TTE and
TOE examinations were performed with a commerecially available ultrasound
system (Vivid E9 and Vivid E95, General Electric Healthcare, Milwaukee, WI,
USA, and Epiq 7 and IE 33, Philips, Amsterdam, The Netherlands, respectively).
For strain analysis, images were analysed offline on a dedicated workstation
using TomTec software (TomTec Arena version 2.5, Munich, Germany):
four-, three-, and two-chamber views were acquired to avoid foreshortening
in order to obtain an appropriate delineation of the endocardial border in a
final 17-segment model.

In the context of MV assessment, degenerative aetiology included single-
leaflet prolapse, myxomatous degeneration (defined in the presence of

bileaflet—multiscallop prolapse with markedly redundant leaflets), and fi-
broelastic deficiency, and the severity of MR was evaluated following cur-
rent guidelines.®

TR was classified as follows:” organic due to TVP, ventricular functional
TR (VFTR), atrial functional TR (AFTR), and lead-induced.

In the absence of diagnostic guidelines for TVP, we defined TVP in the
presence of systolic atrial displacement >2 mm beyond the annular plane
of any tricuspid leaflet, if confirmed in both a mid-oesophageal four-
chamber view and a mid-oesophageal right ventricle (RV) inflow—outflow
view, for TEE, and in both an apical four-chamber view and a parasternal
short-axis view, for TTE, in the presence of leaflet thickening.

Functional TR was categorized according to the typical remodelling of
right heart anatomic parameters:”'”"'® a leaflet tethering distance >8 mm
with systolic restriction usually accompanied by RV elliptical remodelling
of the anterolateral wall at the mid-ventricular level and by caudal displace-
ment of the papillary muscles'® for VFTR; right atrium/tricuspid annulus
(TA) dilatation (end-diastolic absolute or indexed dimension >40 mm or
>21 mm/m?, respectively) in the absence of significant leaflet tethering
and with limited RV dilatation, of its basal portion only (RV basal end-
diastolic diameter >RV mid-end-diastolic diameter19), for AFTR.

Lead-induced TR was defined in the presence of a regurgitant jet origin
proximal to the lead in the presence of a systolic apposition of the leaflet
and lead with reduced systolic leaflet excursion.™

The aetiology of TR was adjudicated by two trained doctors (V.R. and
M.M.) who independently reviewed the echocardiographic images; in case
of disagreement, a senior author (D.M.) resolved the conflict.

The severity of TR was graded using a multiparametric approach as re-
commended by current guidelines.'®

The morphological and functional analysis of the heart chambers was as-
sessed according to the EACVI/American Society of Echocardiography con-
sensus document of 2015.%° Briefly, RV was considered dilated if the
end-diastolic RV-focused-image basal diameter was >42 mm or the mid-
diameter was >35 mm; left atrium (LA) if the end-systolic volume was
>34 mL/m? and TA, measured in an apical four-chamber view at the

20z Joquieldas £z uo 1senb Aq G021/ L/62Z8e8l/10lus/e601 0 L/10p/BloIe-80ueApE/BuIBeWIDIYS/WOo" dNO"oIWapEdE//:SARY WO pepeojumoq



D. Margonato et al.

TR etiology

21%

= Organic TR = Ventricular functional TR

Atrial functional TR Mixed etiology

Figure 2 Left: the prevalence of different aetiologies of TR in the study population. Right: transesophageal imaging showing in A an example of an
organic TR due to TVP associated with concomitant MV prolapse and in B an example of an isolated TVP. RA, right atrium; RV, right ventricle; LA, left

atrium; LV, left ventricle.

end-diastole, was >40 mm or >21 mm/m?2 RV dysfunction was defined as
the presence of at least two out of three reduced conventional parameters
among tricuspid annular plane systolic excursion (TAPSE) (<16 mm), ' tis-
sue Doppler imaging (TDI) (<9.5 cm/s), and fractional area change (FAC)
(<35%).”

In the event of surgical intervention, perioperative survival data were ex-
tracted from the electronic health records.

Statistical analysis

Categorical variables were expressed as count (percentage) and compared
by using a x° test or Fisher's exact test. Continuous variables were ex-
pressed as mean [standard deviation (SD)] or median (interquartile range);
Student’s t-test and ANOVA test, or Mann—Whitney U and Kruskal-Wallis
tests, were used as appropriate. Inter-observer agreement to assess TR
aetiology and grading was tested using the weighted kappa function analysis
in a sample of 100 cases. The predictors of events were identified by per-
forming the univariate Cox proportional hazards analysis. The odds ratio
(OR) and 95% confidence interval (Cl) were defined. To confirm the inde-
pendent predictive value, variables with P < 0.05 were tested in a multivari-
ate model, with a maximum of 1 covariate per 10 events. When there was a
significant correlation between variables, only one of them was included to
avoid multicollinearity. Statistical analysis was performed by using R soft-
ware version 42.2 (R Foundation for Statistical Computing, Vienna,
Austria).

Results

Determinants of TR

Out of 972 patients with severe DMR evaluated in the study period,
after application of the exclusion criteria, 884 patients represented
our final cohort (Figure 1).

Out of 884 patients, 831 patients (94%) were evaluated with TTE
and TOE; only in 53 patients (6%) TOE was not performed, and there-
fore, they underwent only TTE evaluation. MV degenerative disease

consisted of single-leaflet prolapse in 245 patients (28%) and bileaflet
prolapse in 639 patients (72%); myxomatous degeneration was more
common in 589 patients (66%) compared with fibroelastic deficiency
in 295 patients (34%).

Of note, in more than a half of patients (487, 55%), TR was classified
as organic due to TVP; VFTR was reported in 42 patients (5%) and
AFTR in 172 patients (19%). Due to the absence of the typical anatom-
ical clues to clarify its aetiology,16 TR was classified as mixed in 183 pa-
tients (21%) (see Figure 2); Supplementary data online, Videos S1-S8
report a case example for each TR aetiology.

Inter-observer agreement was good for both TR aetiology (93% of
agreement, weighted kappa value 0.90, 95% Cl 0.86-0.90, P < 0.001)
and TR severity (90% of agreement, weighted kappa value 0.88, 95%
C1 0.84-0.91, P < 0.001).

Clinical and echocardiographic

characteristics

Baseline clinical and echocardiographic characteristics of the study
population are presented in Tables 1 and 2, respectively. Overall, the
mean age was 63.2 + 14.1 years, and 66% were male. Clinically, 20%
of patients suffered from AF, the mean Charlson comorbidity index
was 2.8+ 2.0, and 90% were in the New York Heart Association
(NYHA) Class | or Il; the mean left ventricular ejection fraction
(LVEF) was 62 + 6% and the mean pulmonary artery systolic pressure
(PASP) was 35 + 12 mmHg (11% with PASP > 50 mmHg). In the over-
all cohort, LA was severely dilated, RV dimension was within normal
ranges, and 41 patients (5%) met the criteria for RV dysfunction. TR
was graded as < mild in 69% of patients, moderate in 23%, moderate
to severe in 3%, and severe in 5%; no patient suffered from massive
or torrential TR.

The link between clinical consequences and TR severity is given in
Table 3. Univariably, moderate-to-severe and severe TR groups were
associated with NYHA Class Ill/lV, peripheral oedema, and CKD; after
adjustment in the right-side model, the moderate-to-severe and severe
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Table 1 Continued

P-value
(organic vs. atrial

P-value (organic vs.

Mixed aetiology = Overall

Atrial functional
TR (n=172, 19%)

Organic TR Ventricular

Overall

ventricular functional

P-value

(n=183, 21%)

487, functional
55%) TR (n

(n

population
(n=884)

functional TR)

TR)

42, 5%)

0.055

0.005

<0.001

NYHA class

88 (48%)

85 (46%)
10 (6%)

45 (26%)
103 (60%)
24 (14%)

7 (16%)

24 (57%)
11 (26%)

137 (28%)
306 (63%)

277 (31%)
518 (59%)
89 (10%)

44 (9%)

n1v

Values are mean + SD or n (%), unless otherwise specified. Values in bold are those reaching statistical significance.

BMI, body mass index, which is the weight in kilograms divided by the square of the height in metres; BSA, body surface area; CAD, coronary artery disease; CABG, coronary artery bypass graft; AV, aortic valve; TIA, transient ischaemic attack; PM,

pacemaker; ICD, implantable cardioverter—defibrillator; CRT, cardiac resynchronization therapy; AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease, defined as eGFR <60 mL/min; EPI, Epidemiology

Collaboration.

TR groups remained associated with worse clinical presentation, ex-
cept for oedema. The moderate TR group was also associated with
CKD both at the univariate analysis and in the right-side model.

Stratified by TR aetiology, patients with organic TR, compared with
VFTR and AFTR groups, were younger (mean age 62.5 + 13.8 years),
more often female (39%) with a shorter history of AF (15%), and better
renal function (mean eGFR 81 % 22.6 mL/min/m?) in the absence of a
significant difference in liver congestion (3%). Moreover, they had bet-
ter clinical presentation (NYHA Class Ill/IV in 9%) and lower rates of
comorbidities (mean Charlson comorbidity index 2.7 +2.0) and of
peripheral oedema (4%) compared with patients with VFTR and
AFTR. Patients with organic TR presented with a high prevalence of
myxomatous degenerative MV disease (68%), with lower PASP values
(mean 33 + 12 mmHg), and a low prevalence of TA dilatation (31%),
RV dysfunction (2%), and haemodynamically relevant TR (>moderate
TR in 30%) compared with the other two TR groups.

Patients with VFTR were predominantly older (mean age 752+
9.5 years) and male (81%of patients). Compared with the organic TR
and AFTR groups, at presentation, they had worse clinical status
(NYHA Class llI/IV in 26%), the highest rate of comorbidities (mean
Charlson comorbidity index 4.3+2.0) and of peripheral oedema
(23%), and worse hepatorenal function. In comparison with other TR
groups, they presented with the largest biventricular dimensions, a higher
RV dysfunction (40%), and the highest pulmonary artery systolic pressure
(PASP) values (mean 55 + 12 mmHg) and prevalence of haemodynamic-
ally relevant TR (64% with more than mild TR and 21% with severe TR).

Furthermore, patients with AFTR were clinically characterized by an
intermediate profile compared with the other two aetiologies in terms
of age (mean 69.0 + 13.0 years), prevalence of comorbidities (mean
Charlson comorbidity index 3.5 +2.1), clinical presentation (NYHA
Class lIl/IV in 14% and peripheral oedema in 8%), and hepatorenal func-
tion (liver congestion in 4%, mean eGFR 74.5 +22.7 mL/min/mz); of
note, they had a significant high prevalence of AF (35%), in particular
paroxysmal/persistent AF (20%). In comparison with patients with or-
ganic TR and VFTR, they presented the largest absolute and indexed
mean TA dimensions and the highest prevalence of LA dilatation
(89%) and moderate TR (44%) (Tables 1 and 2).

Eventually, as expected, patients with mixed TR aetiology did not pre-
sent any peculiar clinical or echocardiographic characteristics to determine
a typical pattern of presentation, except from the highest prevalence of
none/trace TR. The differences in TR grade and aetiology according to
the MV organic disease subtype (myxomatous degeneration vs. fibroelastic
deficiency) are reported in Supplementary data online, Table S1.

Surgical procedures

Out of 884 patients, 785 (88%) underwent MV intervention: MV repair
was performed in 681 patients (77%) patients, MV replacement was
performed in 51 patients (5%), and 53 patients (6%) underwent percu-
taneous repair of MV with a transcatheter edge-to-edge approach. In
the remaining 99 patients, MV intervention was not performed for
the following reasons (see Supplementary data online, Table $2): 33 pa-
tients were lost at follow-up after evaluation at outpatient care depart-
ment, 42 were excluded by the Heart team due to poor prognosis at
1 year or a high burden of comorbidities, 8 were at high surgical risk
but with suboptimal anatomy for percutaneous repair, 13 refused to
undergo intervention, and 3 died before the programmed procedure.

The perioperative mortality was 0.4% (three patients). Concomitant
TV repair was performed in 130 surgical patients (17%): 129 (99.2%)
were treated with annuloplasty and 1 (0.8%) with the clover technique.

Of these 130 patients, 66 had TVP (14% out of patients with organic
TR), 7 had VFTR (16% out of patients with VFTR), and 55 had AFTR
(32% out of patients with AFTR).

At univariate analyses, dilated TV annulus, RV basal diameter, TR >
mild, biventricular dysfunction, and TVP were associated with TV
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Table 2 Continued

P-value (organic vs.

P-value(organic

Overall

Ventricular Atrial functional TR Mixed aetiology
functional TR

Organic TR

Overall

(n

atrial functional TR)

vs. ventricular
functional TR)

P-value

(n=183, 21%)

(n=172, 19%)

=487,
55%)

(n

= 884)

(n

42, 5%)

168 (92%)

0 (0%)
73 (43%)
74 (44%)

0 (0%)
15 (36%)
13 31%)
5 (12%)
9 (21%)
27 (64%)

15 (3%)
324 (67%)
120 (24%)

183 (21%)
427 (48%)
207 (23%)

None/trace

Mild

15 (8%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
20+1
50+2
153+8

Moderate

7 (4%)
18 (10%)
99 (57%)

14 (3%)
14 (3%)
147 (30%)

26 (3%)
41 (5%)
273 (31%)

Moderate to severe

Severe

<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

TR grade > mild
TR VC* (mm)

32+2
55+2
19+10

0.596

51+2
22+9

75+3
31+29

RAP (mmhg)

0.006

0.002

18+13

RAES area (cm?)

Values are mean + SD or n (%), unless otherwise specified. Values in bold are those reaching statistical significance.

MV, mitral valve; MR, mitral regurgitation; EROA, effective regurgitant orifice area; PISA, proximal isovelocity surface area; VC, vena contracta; LV, left ventricular; EDV, end-diastolic volume; EF, ejection fraction; GLS, global longitudinal strain; LAESV,

left atrial end-systolic volume; PASP, pulmonary artery systolic pressure; FAC (* = 531 pts), fractional area change; TA, tricuspid annulus; TR VC (¥ = 545 pts), tricuspid regurgitation vena contracta; RAP, right atrial pressure; IVC, inferior vena cava.

intervention; after multivariate analyses, only the presence of TV annu-
lus dilatation (OR 2.82, 95% CI 1.61-4.94, P <0.001) and TR > mild
(OR 5.77,95% Cl 3.37-9.89, P < 0.001) remained independently asso-
ciated with TV intervention (see Table 4).

Discussion

The results of the present study are the following (see Graphical
Abstract):

® Organic TVP was the most common subtype, accounting for more than
a half of the cases. Compared with the other TR groups, patients with
organic TR presented with a lower burden of comorbidities, a less se-
vere clinical presentation, and a lower prevalence of haemodynamically
relevant TR and heart chamber remodelling and had the lowest rate of
concomitant TV surgical intervention.

® VFTR was the least frequent subtype, marked by a high rate of comorbid-
ities, worse functional status at presentation, and the highest rate of RV
dysfunction and of >moderate TR, with an in-between rate of surgical TV
intervention compared with patients with AFTR and organic TR.

® Patients with AFTR had an intermediate profile between the other TR
groups in terms of prevalence, comorbidities, clinical presentation, and
TR severity; notably, they had the largest TA dimension and were
most often managed with concomitant TV intervention.

In the context of severe DMR, patients with TR have traditionally
been described and managed as a homogeneous cohort. However,
the present study demonstrates differences in the prevalence, in the pe-
culiar clinical and echocardiographic characteristics and in the surgical
management of each TR subgroup associated with DMR.

Prevalence of TR subtypes

In our cohort of patients with DMR, we found a noticeable prevalence of
55% with echocardiographic characteristics of TVP. Despite the paucity of
published data regarding organic TR, both early and recent studies re-
ported similar percentages (from 13% up to 63%) of TVP in patients
with MVP.3*21"23 |n MVP, a prevalence of concomitant TVP appears to
be non-negligible and to increase along with the severity of MV primary dis-
ease. Of note, as the diagnosis of TVP suffers from the lack of standardized
definition criteria and of diagnostic guidelines, the wide availability of 2D
and 3D TEE examinations (94% of the study patients) further increased
our confidence in diagnosis of a concomitant TVP. Our pragmatic defin-
ition of TVP based on leaflets displacement >2 mm below the TA is con-
sistent with previous literature using both echocardiography and CMR for
this diagnosis,3'4‘21723 and the prevalence of 55% in our cohort, comparable
with previous data particularly in case of concomitant bileaflet MV pro-
lapse, is reassuring for the validity of this cut-off.

Functional TR has usually been considered the predominant type of TR
associated with left-sided disease. In particular, in the context of severe MR,
PH and AF have been proved to be strong determinants of functional TR
(FTR) occurrence and severity."**?> VFTR is often being a red flag for ex-
cessive RV dilatation and/or dysfunction: this could in part explain the low
prevalence of this TR subtype in our cohort. However, our data on the
prevalence of each TR subtype highlight the complexity of the relationship
between severe DMR and TV apparatus remodelling: to exclusively con-
sider TR as functional in this cohort of patients may be a too simplistic
view, and concomitant TVP should always be carefully excluded, particu-
larly in case of advanced myxomatous MV degeneration.

Functional and organic TR: clinical and

echocardiographic implications

Patients with TVP were younger, with a lower mean Charlson co-
morbidity index and better clinical presentation, and the 33% of
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Table 3 Clinical consequences and tricuspid regurgitation severity

TR consequences

Univariate analysis

Adjusted for age, gender,
Charlson comorbidity
index, LVEF, AF

Adjusted for PASP, RV
dysfunction, RAP

Moderate to severe/severe

Observed TR degree Relative risk (RR)
(95% CI) of consequence
NYHA class Ill/ Nonef/trivial 0.43 (0.21-0.89)
v Mild 0.65 (0.41-1.05)
Moderate 151 (0.91-2.5)
Moderate to severe/severe 3.58 (1.9-6.6)
Oedema Noneftrivial 0.31 (0.14-0.66)
Mild 0.96 (0.43-2.13)
Moderate 1.67 (0.84-3.32)
Moderate to severe/severe 411 (1.85-9.13)
GFR <60 mL/  None/trivial 0.19 (0.08-0.42)
min/m? Mild 0.67 (0.43-1.03)
Moderate 2.56 (1.71-3.84)
Moderate to severe/severe 3.18 (1.80-5.63)
Liver Nonef/trivial 0.92 (0.42-2.31)
congestion  Mild 0.83 (0.42-1.67)
Moderate 1.18 (0.54-2.58)
(

1.20 (0.35-3.99)

P-value RR (95% Cl) of P-value RR (95% Cl) of P-value
consequence consequence
0.023 0.76 (0.36-1.66) 0.525 0.78 (0.56-1.19) 0.260
0.085
0.103
<0.001 1.45 (0.73-2.86) 0.280 2.17 (1.03-4.58) 0.041
0.003 0.48 (0.21-1.11) 0.088 0.44 (0.11-1.72) 0.24
0.992
0.143
<0.001 2.07 (0.87-4.92) 0.095 2.21 (0.83-5.90) 0.111
<0.001 0.28 (0.10-0.78) 0.015 0.18 (0.02-1.41) 0.104
0.069
<0.001 1.52 (0.93-2.50) 0.620 2,05 (1.04-4.01) 0.036
<0.001 1.85 (0.71-2.76) 0.276 2.38 (1.54-3.68) <0.001
0.987
0.619
0.665
0.784

RAP, right atrial pressure. Values in bold are those reaching statistical significance.

patients had >mild TR only. An interesting finding in this subgroup is the
high prevalence of advanced bileaflet myxomatous degenerative MV
disease. Previous studies have suggested to consider the presence of
TVP as a sign of degenerative disease progression.>?® However, there
are no published studies showing such a high prevalence in a large co-
hort evaluated at an advanced stage of degenerative MV disease. By
adding data from this large cohort, it seems more plausible that patho-
logical changes affecting MV leaflets in the context of MVP? may have a
particular severe expression in case of concomitant TVP.

Patients affected by VFTR fall within the typical description of de-
compensated patients with DMR. They were older, a quarter in the
NYHA Class Ill/IV, with the highest value of Charlson comorbidity in-
dex score and prevalence of RV dysfunction, often with PH. This de-
scription rarely fits the patients represented in severe MR studies.
Although more than a half of them had >mild TR, only 16% were trea-
ted with concomitant TV intervention, highlighting a potential unmet
need for this group of patients with TR.

The group of patients with AFTR mainly presented with atrial and
annular remodelling. Age and clinical characteristics at presentation
seem to underline an intermediate profile of risk between patients
with organic TR and ventricular TR. In these patients, an unexpected
finding was the smaller LA and RA dimensions compared with patients
with VFTR, as well as the similar percentage of AF. In our opinion, the
possible explanation is that VFTR often represents the long-term pro-
gression of an uncorrected AFTR. In particular, RV typical remodelling
of VFTR might be the result of a chronic volume overload due to sig-
nificant TR initially caused by annular dilatation only. Over time, RV re-
modelling leads to TV apparatus tethering, the hallmark of VFTR. This
would explain why both left and right atrial dimensions are higher in pa-
tients with VFTR compared with patients with AFTR, the similar preva-
lence of AF, and the higher percentages of >moderate TR in the VFTR
subgroup. AF, affecting 35% of this group patients, usually plays a major
role in TR occurrence and progression due to TA dilatation

development.>*® In the absence of TV annuloplasty at the time of
MV surgery, TA dimension closed monitoring and, if present, AF treat-
ment?® may be of pivotal importance in preventing the prognostic im-
pact of TR persistence/progression over time.

Implication of TR aetiology on valvular

intervention

The above-mentioned clinical and echocardiographic profiles of TR cat-
egories have a direct impact on management of these patients. In the
context of MV surgery, managing of concomitant non-severe TR is still
a matter of debate. For patients suffering from non-severe TR and
undergoing left-sided valve surgery, current guidelines®” suggest TV
intervention to be considered in case of mild or moderate functional
TR with a dilated annulus (=40 mm or >21 mm/m? by echocardiog-
raphy, class of recommendation IlaB) and, for organic TR, in case of
moderate TR (class of recommendation [laC), without any annular
threshold provided.

In this study, out of 785 patients who underwent MV intervention,
almost 20% had concomitant TV repair. VWe demonstrated high adhe-
sion to current guidelines recommendations. Two recent studies re-
garding TV repair in patients with degenerative MR undergoing MV
surgery11 '3 showed that concomitant TV intervention significantly re-
duced progression of TR severity, although in one study it was asso-
ciated with more PM implantation,11 and in the other, it did not
influence a reoperation rate.”® As TR progression is common and se-
vere TR is independently associated with all-cause death and heart
failure hospitalization,””*° controversies still surround the optimal
treatment strategy for these patients.

In our cohort of patients with TVP, only a minority underwent con-
comitant TV intervention, probably due to the high percentage (67%)
of patients with less than moderate TR. At the present time, we do
not know whether patients with TVP left untreated will suffer from
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Table 4 Univariate and multivariate analysis of TV intervention-associated factors

Parameter Univariate OR (95% CI)

Dilated TV annulus
RV EDD basal diameter 1.05 (1.01-1.08)
TR grade > mild 6.43 (4.17-9.93)
AF 1.23 (0.77-1.96)
PASP (mmHg) 1.02 (1.01-1.03)
RV Dysfunction 0.59 (0.30-0.83)

429 (2.81-6.56)

TAPSE 0.98 (0.94-1.34)
CKD 0.76 (0.40-1.42)
LVEF 0.95 (0.93-0.97)
TV prolapse 0.41 (0.27-0.60)

P-value Multivariate OR (95% CI) P-value
<0.001 2.82 (1.61-4.94) <0.001
0.003 0.98 (0.94-1.02) 0.530
<0.001 5.77 (3.37-9.89) <0.001
0.370
0.003 0.99 (0.97-1.01) 0.397
0.045 0.44 (0.23-1.48) 0.118
0.638
0.393
<0.001 1.01 (0.97-1.06) 0.442
<0.001 0.79 (0.48-1.41) 0.399

Values in bold are those reaching statistical significance.

significant TR progression and whether there is an independent impact
of TVP on the rate of TV reoperation.

FTR, despite a considerable and independently associated mortality
risk>" still is profoundly undertreated and represents a clear unmet
need for interventional treatment." Differently from those with AFTR,
our patients with VFTR were proportionally less treated with concomitant
surgical intervention on the TV, possibly because of their global higher-risk
profile. Nonetheless, the association of > moderate TR on advanced
NYHA class and on CKD as shown in our right-side adjusted model rein-
forces the need of careful TR evaluation and of early surgical consideration
for patients with TR in the context of severe DMR.

Study limitations

Our study presents limitations. It is a retrospective, single-centre study
and suffers from intrinsic pitfalls of this study design. Our findings are
specific to a cohort of patients with severe degenerative MR referred
to a tertiary care centre, and the majority of patients were evaluated
for indication for surgical treatment. Due to the absence of a consensus
statement, our definition of TVP was based on non-standardized echo-
cardiographic criteria. Moreover, we lack intraoperative reports for a
direct confirmation of our TVP echocardiographic diagnosis. Finally,
we lack follow-up data to provide information regarding TR progres-
sion and clinical outcomes: further studies to focus on TR progression
and outcome according to its aetiology are eagerly awaited to improve
our clinical decision-making.

Conclusion

In our large study cohort with patients with severe DMR, we described
the specific prevalence, characteristics, and interventional management
of associated TR subtypes. These results warrant a careful global evalu-
ation of TR at the time of severe DMR diagnosis to ensure the most
appropriate management of these patients.

Supplementary data

Supplementary data are available at European Heart Journal -
Cardiovascular Imaging online.
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