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Background. The objective of this study was to assess
the fate at long term of mild-to-moderate functional
tricuspid regurgitation (TR) left untreated at the time
of mitral valve repair in patients with dilated
cardiomyopathy.

Methods. We selected from our prospective hospital
database 84 patients (age, 64 ± 9.6 years; ejection fraction,
0.31 ± 0.064) who underwent mitral repair for secondary
mitral regurgitation in whom concomitant mild-to-
moderate TR (nonlinear scale 1 to 4D) was left un-
treated. Tricuspid regurgitation was classified as mild in
61 patients (72.6%) and moderate in 23 patients (27.3%).
Annular dilatation itself was not systematically measured
and was not used as a trigger for tricuspid annuloplasty.
Most of the patients were in New York Heart Association
functional class III or IV (56 of 84; 66.7%).

Results. At a median follow-up of 7.3 years (inter-
quartile range, 4.5 to 9.3), 17 patients (20.2%) had
moderate-to-severe TR and 21 patients (25%) showed a
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progression of at least two grades of their untreated
preoperative TR. Freedom from moderate-to-severe TR or
from progression of at least two grades of the baseline
TR was 77% ± 5% at 5 years and 56.7% ± 8.4% at 10 years.
Multivariate analysis identified preoperative right ven-
tricular dysfunction (hazard ratio, 7.2; 95% confidence
interval, 2.8 to 23; p [ 0.001) and age (hazard ratio, 1; 95%
confidence interval, 1.0 1.1; p [ 0.03) as independent
predictors of TR worsening.
Conclusions. A significant number of dilated cardio-

myopathy patients with mild-to-moderate TR left un-
treated at the time of mitral repair show important TR
at follow-up. In this setting, a more aggressive policy
should be used taking into consideration the degree of
annular dilatation and the function of the right ventricle
and not simply the grade of TR.

(Ann Thorac Surg 2015;100:2206–12)
� 2015 by The Society of Thoracic Surgeons
urrent guidelines recommend surgical treatment of
Csecondary tricuspid regurgitation (TR) in patients
with mild or moderate TR undergoing mitral valve (MV)
surgery if significant dilatation of the tricuspid annulus is
documented [1, 2]. Indeed, several observational series
and small randomized studies have shown that in the
presence of tricuspid annulus dilatation, not treating less
than severe secondary TR may lead to progression of the
tricuspid disease despite correction of the associated left-
sided lesion [3–8]. The vast majority of those data, how-
ever, come from series that did not include patients with
functional mitral regurgitation (MR) or included a very
limited number of them [3, 5–7, 9]. Only a few reports
describe the evolution of mild or moderate TR in the
context of dilated cardiomyopathy (DCM), and results are
usually limited to early or mid-term follow-up [10, 11]. In
the past, the concept that less than severe secondary TR
decreases after MV surgery alone was widely accepted
[12, 13], and the size of the tricuspid annulus was not used
to guide the decision-making process in terms of TR
correction. Assessing the long-term results of this con-
servative approach, particularly in patients with DCM,
may help to define the best strategy to adopt in this
setting. Therefore, the purpose of this study was to eval-
uate the long-term fate of less than severe secondary TR
in patients who underwent mitral repair for functional
MR and in whom a tricuspid annuloplasty procedure was
not concomitantly performed regardless of the size of the
tricuspid annulus.
Material and Methods

Study Population
Two hospital databases (San Raffaele Hospital, Milan,
and Fondazione Toscana Gabriele Monasterio, Massa,
Italy) were used to select 84 patients with severe sec-
ondary MR and concomitant less than severe functional
TR. All patients underwent MV repair between 1999
and 2008, and the associated functional TR was left un-
treated. Patients with primary or degenerative MR, acute
MR caused by papillary muscle rupture, concomitant
left ventricular (LV) reconstruction or aortic valve
surgery, residual mild-to-moderate MR at discharge, or
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preoperative implantable cardioverter-defibrillator (ICD)
or pacemaker wires across the tricuspid valve and those
who died in the hospital or within the first 6 postoperative
months were excluded. The institutional ethic committee
approved this study and waived individual consent for
this retrospective analysis.

Echocardiographic Measurements
Preoperatively all patients underwent transesophageal
echocardiography (TEE). Tricuspid regurgitation grade
was measured by transthoracic echocardiogram (TTE) in
the apical four-chamber view, the parasternal short-axis
view at the level of the aortic valve, and the right
ventricle (RV) inflow view. The nonlinear scale (1 to 4þ) to
assess the echocardiographic grade of regurgitation was
adopted [11]. The vena contracta width at the narrowest
portion of the regurgitant jet was measured in those pa-
tients in whom TR quantitation appeared to be more
difficult. Secondary TR was considered less than severe
when the regurgitant jet occupied less than 20% of the
right atrial area and the vena contract widthwas less than 7
mm. The dilatation of the tricuspid annulus was usually
assessed qualitatively, and precise annular dimensions
were not routinely measured. Significant tethering of the
tricuspid leaflet was defined as a coaptation depth of
greater than 5mm (distance between the tricuspid annular
plane and the coaptation point of the tricuspid leaflets at
the time of maximal systolic closure). Right ventricular
function was assessed qualitatively in all patients. In
addition, depending on the center and echocardiog-
rapher’s preference, this qualitative evaluation was inte-
grated by other quantitative variables such as the percent
RV area change [14] and the peak systolic velocity of the
tricuspid annulus assessed by tissueDoppler imaging. The
peak systolic velocity of the tricuspid annulus was used as
an index of global RV function by placing the sample
volume of the pulse-wave tissue Doppler imaging on the
tricuspid annulus at the site of attachment of the anterior
leaflet in the two-dimensional four-chamber view. Peak
RV systolic pressure as an estimate of pulmonary artery
pressure was calculated by measuring peak tricuspid
regurgitant velocity and using the modified Bernoulli
equation, with 10 mm Hg added for the estimated right
atrial pressure [15]. Pulmonary hypertension was defined
as an RV systolic pressure greater than 40 mm Hg.

Surgery
All patients were operated on through a median ster-
notomy with standard cardiopulmonary bypass using
moderate hypothermia. The MV was approached through
a left atriotomy and repaired by means of an undersized
annuloplasty. An edge-to-edge technique combined with
moderately restrictive annuloplasty was preferred in San
Raffaele Hospital when the tethering of the leaflets was
more pronounced, as defined by a coaptation depth of at
least 1 cm.

Follow-Up
Follow-up data were obtained by means of outpatient
visit and TTE examination, or by means of telephone
interview with the patients and the referring cardiolo-
gists. At least one TTE was obtained at follow-up for all
hospital survivors. Follow-up was 100% complete, and
mean length was 7 � 3 years (range, 0.7 to 14 years), with
a median of 7.3 years (interquartile range, 4.5 to 9.3 years).
Statistical Analysis
Calculations were performed using SPSS version 22.0
(SPSS Inc, Chicago, IL) for Windows (Microsoft Corp,
Redmond, WA) software package. Continuous data were
expressed as mean þ standard deviation or as median
and interquartile range. Categorical data were reported
as number and percentage. For continuous variables,
differences were tested with the unpaired Student’s t test,
nonparametric Mann-Whitney U test (independent sam-
ples). or Wilcoxon signed-rank test (related samples). For
categorical variables, the c2 test was used. Linear or lo-
gistic regression analysis was used for correlation of
variables of interest as appropriate. Time-to-event data
(survival and freedom from events) were analyzed by the
Kaplan-Meier method, and differences among groups
were evaluated with the log-rank test. Cox proportional-
hazard regression was used to estimate the hazard ra-
tios of potential predictors of TR of grade 3þ or greater or
progression of the preoperative TR of at least two grades
at follow-up. Variables with a probability value of less
than 0.05 in univariate analysis were entered in a multi-
variable model.
Results

Clinical and Echocardiographic Data
Follow-up was obtained for all patients between
December 1, 2013, and March 1, 2014. The study popu-
lation comprised 84 patients. Mean age was 64 � 9.6
years, and all patients had severe secondary MR and
significant LV dysfunction (ejection fraction, 0.31 � 0.064).
New York Heart Association functional class III or IV was
present in 56 of 84 patients (66.5%; Table 1). Concomitant
TR was classified as absent or mild in 61 patients (72.6%)
and moderate in 23 patients (27.3%) and was left
untreated.
Mitral regurgitation was treated by means of an iso-

lated undersized annuloplasty in 49 patients (58.3%),
whereas the edge-to-edge technique was associated in
the remaining 35 patients (41.7%). Rigid or semirigid
rings were used in the vast majority of cases (82 of
84 patients, 97.7%) and included St. Jude Seguin (St. Jude
Medical Inc, St. Paul, MN), Carpentier-Edwards Classic
(Edwards Lifesciences, Irvine, CA), Edwards Geoform
(Edwards Lifesciences), Sorin Memo 3D (Sorin Group,
Saluggia, Italy), and Medtronic CG Future Band (Med-
tronic, Inc, Minneapolis, MN). Flexible rings (Medtronic
Duran - Medtronic, Inc, Minneapolis, MN; St. Jude Tailor
- St. Jude Medical Inc, St. Paul, MN) were implanted in
only 2 patients (2.3%). Concomitant procedures were
coronary artery bypass grafting (38 of 84 patients, 45.2%)
and ablation of atrial fibrillation (13 of 84 patients, 15.4%).



Fig 1. Freedom from cardiac death.

Table 2. Preoperative and Follow-Up Echocardiographic Data

Variables Preoperative Follow-Up p Value

LVEF 0.31 � 0.064 0.36 � 0.109 0.0001
LVEDD (mm) 66 � 7.5 60 � 8.4 0.0001
LVEDV (mL) 188 � 56.2 170 � 60.5 0.02
SPAP (mm Hg) 44 � 13.7 40 � 10.5 0.05
RV dysfunction (n, %) 17 (20.2) 25 (29.7) 0.2
TR grade (n, %) 0.0001
0/4þ 20 (23.8) 3 (3.5)
1þ/4þ 41 (48.8) 36 (42.8)
2þ/4þ 23 (27.3) 28 (33.3)
3þ/4þ . 12 (14.3)
4þ/4þ . 5 (5.9)

LVEDD ¼ left ventricular end-diastolic diameter; LVEDV ¼ left
ventricular end-diastolic volume; LVEF ¼ left ventricular ejection
fraction; RV ¼ right ventricle; SPAP ¼ systolic pulmonary artery
pressure; TR ¼ tricuspid regurgitation.

Table 1. Clinical and Echocardiographic Preoperative Data at
Time of Mitral Valve Surgery

Variables Values

Male/female 60/24
Age (y) 64 � 9.6
Ischemic/idiopathic DCM (n, %) 56 (66.7)/28 (33.3)
NYHA functional class

II 28 (33.3)
III 43 (51.2)
IV 13 (15.5)

Atrial fibrillation 17 (20.2)
LVEF 0.31 � 0.064
LVEDD (mm) 66.9 � 7.57
LVESD (mm) 50.6 � 7.29
LVEDV (mL) 184.3 � 52.7
LVESV (mL) 129.5 � 44.3
SPAP (mm Hg) 44 � 13.4
RV dysfunction (n, %) 17 (20.2)
SPAP >40 mm Hg (n, %) 36 (42.8)
MR grade—TR grade (n, %)

MR 4/4þ—TR 0/4þ 20 (23.8)
MR 4/4þ—TR 1þ/4þ 41 (48.8)
MR 4/4þ—TR 2þ/4þ 23 (27.3)

DCM ¼ dilated cardiomyopathy; LVEDD ¼ left ventricular end-
diastolic diameter; LVEDV ¼ left ventricular end-diastolic vol-
ume; LVEF ¼ left ventricular ejection fraction; LVESD ¼ left
ventricular end-systolic diameter; LVESV ¼ left ventricular end-
systolic volume; MR ¼ mitral regurgitation; NYHA ¼ New
York Heart Association; RV ¼ right ventricle; SPAP ¼ systolic
pulmonary artery pressure; TR ¼ tricuspid regurgitation.
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Thirty-seven patients (44%) died more than 6 months
after surgery, for an overall survival of 74.2% � 4.8% at 5
years and 54.8% � 5.9% at 10 years. The cause of death
was cardiac related in 22 of them (26.2%): congestive heart
failure (12 patients), sudden deaths (3 patients), acute
myocardial infarction (2 patients), multiorgan failure after
heart transplantation (2 patients), endocarditis (1 patient),
aortic dissection (1 patient), and cerebral bleeding after
percutaneous transluminal coronary angioplasty (1 pa-
tient). Other noncardiac causes of death were cancer
(8 patients), old age (4 patients), liver failure (1 patient),
respiratory failure (1 patient), and Alzheimer disease
(1 patient). Five- and 10-year freedom from cardiac death
was 84.6% � 4% and 71.2% � 5.6% (Fig 1). Overall 12
patients had recurrent moderate-to-severe or severe MR.
Four of them underwent reoperation (in 1 case because of
endocarditis), 2 patients underwent heart transplantation,
4 died before reoperation, and 2 patients with moderate-
to-severe MR have not yet undergone reoperation.

All patients (100%) were evaluated during the initial
part of follow-up by our heart failure outpatient clinic,
with regular visits and a dedicated heart failure cardiol-
ogist. After 10 years we were still observing 40% of the
patients. The others, owing to the particular advanced
stage of cardiomyopathy, were seen by referring cardi-
ologists, with adequate or optimal medical therapy.

As shown in Table 2, at follow-up significant im-
provements in LV function, LV dimensions, and systolic
pulmonary artery pressure compared with baseline
were documented. Also, the percentage of patients in
New York Heart Association functional class III or IV
decreased from 66.6% (56 of 84 patients) before operation
to 25.9% (21 of 84 patients) at the last outpatient visit
(p < 0.0001).

Evolution of Functional Tricuspid Regurgitation
At the last echocardiographic assessment, secondary TR
was absent or mild in 39 patients (46.4%), moderate in 28
patients (33.3%), moderately severe in 12 patients (14.2%),
and severe in 5 patients (5.9%). Overall, 17 patients
(20.2%) had moderately severe or severe TR (Table 2). In
21 patients (25%), secondary TR worsened at least two



Table 3. Progression of Tricuspid Regurgitation in the 23
Patients With Tricuspid Regurgitation �3þ at Follow-Up or
With Tricuspid Regurgitation Worsening of at Least Two
Grades Compared With Baseline

Preoperative TR TR at Last Follow-Up Number of Patients

0/4þ 2þ/4þ 6
0/4þ 3þ/4þ 1
0/4þ 4þ/4þ 2
1þ/4þ 3þ/4þ 9
1þ/4þ 4þ/4þ 2
2þ/4þ 3þ/4þ 2
2þ/4þ 4þ/þ 1

TR ¼ tricuspid regurgitation.

Fig 3. Freedom from the combined end point (follow-up tricuspid
regurgitation �3þ or progression of tricuspid regurgitation of at least
two grades compared with baseline).
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grades (Table 3). Eighteen patients who died at follow-up
had mild or moderate TR. The other 5 patients who died
and the 2 patients who underwent transplantation had
moderately severe or severe TR. Usually the mechanism
of TR described at follow-up was persistent annular
dilatation, although leaflet tethering (coaptation
depth �0.5 cm) was reported as an associate finding in
6 patients (7.1%). Freedom from moderately severe or
severe TR was 85% � 4.2% at 5 years and 65% � 8.3% at
10 years (Fig 2). When the presence of moderately severe
or severe TR at follow-up and worsening of at least two
grades of preoperative TR were considered together, this
combined end point was reached at follow-up by 23 of the
84 patients in the study (27.3%). Freedom from this
combined end point was 77%� 5% at 5 years and 56.7%�
8.4% at 10 years (Fig 3).
Fig 2. Freedom from tricuspid regurgitation (TR) �3þ at last
follow-up.
Preoperative Predictors of Tricuspid Regurgitation
Worsening at Follow-Up
Table 4 reports the potential predictors of the combined
end point moderately severe or severe TR or progression
of the preoperative TR of at least two grades at follow-up.
At univariate analysis, age (p ¼ 0.02), preoperative RV
dysfunction (p ¼ 0.0001), and LV end-diastolic volume
(p ¼ 0.01) were significant risk factors. Multivariate
analysis identified preoperative RV dysfunction (hazard
ratio, 7.2; 95% confidence interval, 2.2 to 23; p ¼ 0.001) and
age (hazard ratio, 1; 95% confidence interval, 1.0 to 1.1;
p ¼ 0.03) as the only independent predictors of TR
worsening. As shown in Table 4, the 95% confidence in-
terval of the RV dysfunction hazard ratio is very wide (2.2
to 23), suggesting that for this specific predictor, further
analysis in a high-number cohort is necessary. This is a
preliminary analysis that needs to be confirmed.
Pacemaker or Implantable Cardioverter-Defibrillator
With or Without Cardiac Resynchronization Therapy
Implantation and Functional Tricuspid Regurgitation
at Follow-Up
During follow-up, 38 patients (45.2%) underwent pace-
maker or ICD implantation 7 months to 6 years after
surgery. In particular, 6 patients (7.1%) received an ICD,
27 patients (32.1%) received an ICD with cardiac
resynchronization therapy (CRT), and 5 patients (5.9%)
received a pacemaker for atrioventricular block (4 pa-
tients) or after atrioventricular node ablation for re-
fractory atrial fibrillation (1 patient). Of those 38 patients,
8 experienced moderately severe or severe TR or showed
a progression of their preoperative TR of at least two



Table 4. Predictors of Tricuspid Regurgitation �3þ or Tricuspid Regurgitation Progression of at Least Two Grades Compared With
Baseline

Univariate Multivariate

Preoperative Variables HR (95% CI) p Value HR (95% CI) p Value

Age 1.0 (1.0–1.1) 0.02 1 (1.0–1.1) 0.03
Atrial fibrillation 0.7 (0.2–2.3) 0.6
NYHA functional class III or IV 1.0 (0.4–2.6) 0.8
LVEF 0.9 (0.9–1.0) 0.4
LVEDV 1.0 (1.0–1.01) 0.01 1 (0.9–1) 0.2
SPAP >40 mm Hg 1.3 (0.5–3.1) 0.5
RV dysfunction 8.3 (3.3–20.7) 0.0001 7.2 (2.2–23) 0.001

CI ¼ confidence interval; HR ¼ hazard ratio; LVEDV ¼ left ventricular end-diastolic volume; LVEF ¼ left ventricular ejection fraction;
NYHA ¼ New York Heart Association; RV ¼ right ventricle; SPAP ¼ systolic pulmonary artery pressure; TR ¼ tricuspid regurgitation.
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grades before pacemaker, ICD, or ICD-CRT implantation.
Eight more patients (21%) experienced TR progression (as
previously defined) between 12 months and 4 years after
pacemaker, ICD, or ICD-CRT insertion. The effective
impact of this procedure on worsening of TR remains
uncertain because in most of the cases, the positioning of
the transtricuspid lead increased the baseline degree of
TR by no more than one grade. However, when the
incidence of TR progression was compared in the two
groups of patients with and without pacemaker, ICD, or
ICD-CRT implantation, the difference was not statistically
significant (8 of 38 [21%] versus 7 of 46 [15.2%], respec-
tively; p ¼ 0.6).

Patterns of Left Ventricular Remodeling and Influence on
Tricuspid Regurgitation Progression
The pattern of LV remodeling after surgery influenced
the evolution of functional TR. Reverse LV remodeling,
defined as a decrease of at least 15% in the indexed LV
end-systolic volume or in both the indexed LV end-
systolic volume and LV end-diastolic volume at the last
echocardiographic follow-up compared with the preop-
erative values, was documented in 39 patients (46.4%) of
the study population (reverse LV remodeling group).
Table 5. Echocardiographic and Clinical Data at Last Follow-Up
Regurgitation Progression Groupsa

Variables
TR Progressi

(n ¼ 23)

LVEF (%) 31 � 10.49
LVEDD (mm) 61.8 � 10.6
LVEDV (mL) 191.7 � 67.7
SPAP (mm Hg) 47.7 � 10.8
RV dysfunction (n, %) 15 (65.2)
SPAP >40 mm Hg (n, %) 18 (78.2)
Recurrence of MR� 3þ (n, %) 8 (34.7)
Atrial fibrillation (n, %) 8 (34.7)
NYHA functional class III or IV (n, %) 11 (47.8)

a TR progression defined as TR �3þ or TR progression of at least two grades

LVEDD ¼ left ventricular end-diastolic diameter; LVEDV ¼ left ventricu
regurgitation; NYHA ¼ New York Heart Association; RV ¼ right vent
regurgitation.
Moderately severe or severe TR or a progression of the
preoperative TR of at least two grades occurred in 5 pa-
tients of this group (12.8%), whereas it was documented
in 18 patients of the group without reverse LV remodeling
(18 of 45 patients; 40%; p ¼ 0.01). Of the 23 patients with
TR progression, 18 had no reverse remodeling of the LV
(78.2%). Therefore at follow-up they had a lower LV
ejection fraction (p ¼ 0.005) and a higher rate of recurrent
MR of at least grade 3þ (p ¼ 0.003), pulmonary hyper-
tension (p ¼ 0.0001), and RV dysfunction (p ¼ 0.0001)
compared with those without TR worsening. Not
surprisingly, New York Heart Association functional class
III or IV was significantly more common in patients
belonging to the group with TR progression (47.8% versus
18%; p ¼ 0.01; Table 5).
Comment

The main finding of this study is that in DCM patients
undergoing mitral repair for secondary MR, a preopera-
tive condition of less than moderately severe TR, left
untreated, may progress over the course of years in a
significant proportion of patients. Therefore, deciding
whether or not to perform a concomitant tricuspid
in the Tricuspid Regurgitation Progression and No Tricuspid

on No TR Progression
(n ¼ 61) p Value

38.4 � 10.44 0.005
5 60 � 7.82 0.4
6 162 � 54.19 0.1
1 36.7 � 8.56 0.0001

10 (16.3) 0.0001
11 (18) 0.0001
4 (6.5) 0.003
13 (21.3) 0.3
11 (18) 0.01

compared with baseline.

lar end-diastolic volume; LVEF ¼ ejection fraction; MR ¼ mitral
ricle; SPAP ¼ systolic pulmonary artery pressure; TR ¼ tricuspid
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annuloplasty at the time of MV surgery simply on the
basis of the grade of TR should be avoided, particularly in
the setting of functional MR. Current guidelines recom-
mend performing concomitant tricuspid annuloplasty at
the time of left-sided valve surgery even in patients with
only mild functional TR, in the presence of tricuspid
annular dilatation [1, 2] or prior evidence of right heart
failure [2]. Despite that, many surgeons still prefer a
conservative approach when concomitant TR is less than
severe, regardless of the annular dimensions [16, 17]. One
of the reasons behind this attitude is that the studies
supporting a more aggressive approach are often single-
center, retrospective series with various etiologies of
MR and different criteria to define the dilatation of the
tricuspid annulus [3, 5, 18]. The only randomized study
published so far that confirms the beneficial effect of
prophylactic tricuspid annuloplasty enrolled only 42 pa-
tients with all types of MR etiologies (functional, degen-
erative, endocarditis, prosthetic dysfunction, and MV
repair failure) [7]. While waiting for more consistent and
possibly randomized data, we believe that the results of
our study might be useful to guide the decision-making
process in the context of MR secondary to DCM.
Indeed, in this setting, there are some peculiar conditions
that might lead to TR progression. The natural history of
the disease, the presence of a low ejection fraction and
pulmonary hypertension, the high prevalence of RV
dysfunction, the need for ICD or biventricular pacing,
and the possibility of recurrence of MR are some of them.
Previous studies have shown that a significant number of
patients who underwent MV repair for MR secondary to
ischemic or nonischemic DCM present a higher grade of
their baseline TR, which was left untreated, at follow-up
[7, 10, 11]. Those studies, however, are limited to early
or mid-term follow-up, and some of them also include
patients who received a concomitant tricuspid annulo-
plasty [10, 11]. In our series, the decision to avoid a
concomitant tricuspid annuloplasty was based on a
severity of TR that was not significant rather than on the
degree of annular dilatation.

Our data show that in more than one quarter of the
cases, uncorrected moderate or mild TR becomes at least
moderately severe or shows a progression of at least two
grades. Among the baseline characteristics of the pa-
tients, age and preoperative RV dysfunction were iden-
tified as independent risk factors for TR progression.
Those patients seem to be more likely to develop sig-
nificant late TR and, therefore, should be more aggres-
sively treated with a concomitant tricuspid annuloplasty.
In our series, most of the cases of progression or recur-
rence of significant TR occurred in patients without
reverse LV remodeling at follow-up. That explains why
patients with TR progression had significantly lower LV
ejection fraction, higher MR recurrence, higher pulmo-
nary hypertension, and RV dysfunction at follow-up
compared with those without TR worsening. Our re-
sults are in line with previous studies that have reported
an association between increased systolic pulmonary ar-
tery pressure and worse TR or higher rate of tricuspid
repair failure [15].
As previously reported [9], pacemaker leads can be
responsible for TR worsening, and this was probably
(although not certainly) the case in 8 of our patients. Still,
in the remaining 15 patients with progression of TR,
worsening of TR occurred before pacemaker insertion or
in the complete absence of any transtricuspid lead. As a
matter of fact, the rate of TR progression was similar in
patients with and without ICD-CRT or pacemaker im-
plantation at follow-up. The fact that so many DCM pa-
tients require ICD-CRT insertion after MV surgery,
potentially further jeopardizing the competence of the
tricuspid valve, probably represents another reason for a
more aggressive approach toward tricuspid valve repair.
Finally we also decided to enroll in this observational

long-term study 20 patients with no TR at baseline. In
fact, 45% of these patients showed a progression of TR of
at least two grades at follow-up, confirming that other
factors should be considered during the decision-making
process.

Study Limitations
This study does have all the limitations of every retro-
spective analysis. The relatively small number of patients
included needs to be underlined, but despite that, this
series remains one of largest reported so far in the setting
of DCM. We are absolutely aware of the fact that the jet
area to right atrial area method that was used to quantify
TR has important limitations, such as being influenced by
loading conditions, machine settings, and eccentricity of
the regurgitant jets. Measurements of RV systolic pres-
sure may be limited by the angle of incidence encoun-
tered; therefore it could underestimate the Doppler
profile of the TR jet and the TR grade. No consistent,
accurate data were available preoperatively and at follow-
up regarding right atrial and RV dimensions, tricuspid
annular size, and degree of leaflet tethering.

Conclusions
In conclusion, a significant number of DCM patients with
no TR or with mild-to-moderate TR left untreated at the
time of mitral repair show important TR at follow-up. In
this setting, a more aggressive policy should be used,
taking into consideration the degree of annular dilatation
and the function of the right ventricle and not simply the
grade of TR.
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