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Mechanisms of tricuspid regurgitation in patients with hypoplastic
left heart syndrome undergoing tricuspid valvuloplasty
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Objectives: Tricuspid regurgitation (TR) remains a risk factor for morbidity and mortality through staged palli-
ation in patients with hypoplastic left heart syndrome (HLHS). Reports on themechanisms associated with TR in
patients with HLHS are limited. Thus, we sought to describe our experience with tricuspid valve (TV) repair in
these patients, focusing on the mechanisms of TR and corresponding surgical techniques.

Methods:We performed a retrospective single-center review (January 2000 to December 2012) of patients with
HLHS undergoing TV repair and completing Fontan circulation. We evaluated the pre- and postoperative echo-
cardiograms, intraoperative findings, and surgical techniques used.

Results: A total of 53 TV repairs were performed in 35 patients with HLHS completing staged palliation. TV
repairs were performed at stage II in 15, between stage II and III in 4, at stage III in 27, and after stage III in 7.
The surgical techniques for valvuloplasty included annuloplasty (38%), anteroseptal (AS) commissuroplasty
(66%), anterior papillary muscle repositioning (11%), multiple commissuroplasties (9%), septal-posterior
commissuroplasty (9%), and fenestration closure (4%). The predominant jet of TR emanated along the AS
commissure in 68% of the cases. All patients survived the procedure and were discharged. Preoperative echo-
cardiography showed a dilated TV annulus on the lateral dimension, anteroposterior dimension, and area that
was significantly reduced after TV repair (P < .0001). The preoperative mean TR, as assessed by lateral
(P ¼ .002) and anteroposterior (P ¼ .005) vena contracta, was also significantly reduced after TV repair. TV
repair did not significantly affect right ventricular systolic function immediately after surgery (P ¼ .17) or at
the most recent follow-up visit (P ¼ .52). Patients with anterior leaflet prolapse were at increased risk of worse
outcomes, including moderate or greater right ventricular dysfunction (P ¼ .02). Patients requiring reoperation
for TV repair were younger (6.3 vs 28.1 months, P<.0001) at the initial operation. One patient died of heart
failure. Freedom from TV replacement and transplant-free survival were both 97% at the most recent
follow-up point.

Conclusions: TR in patients with HLHS commonly emanates from the AS commissure. The associated
mechanisms are often annular dilatation and anterior leaflet prolapse. Preoperative anterior leaflet prolapse
was associated with worse outcomes. Annuloplasty, closure of the AS commissure, and repositioning of the
anterior papillary muscle are effective in addressing TR in the short- and mid-term in this challenging
population. (J Thorac Cardiovasc Surg 2014;148:832-40)
The outcomes of patients with hypoplastic left heart syn-
drome (HLHS) have improved dramatically during the
past 2 decades.1-3 However, tricuspid regurgitation (TR)
remains a risk factor for adverse outcomes in this
challenging population.4-7 Despite significant TR in 25%
of survivors through staged palliation, few data exist on
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the underlying pathophysiology of TR in patients with
HLHS. The reported mechanisms of TR in HLHS are
complex and multifactorial and include structural
abnormalities of the tricuspid valve (TV) and functional
causes such as right ventricular (RV) dysfunction and
dilatation of the TV annulus.8 Moreover, increasing age,
with geometric changes of the annulus, leaflet prolapse,
papillary muscle (PM) displacement, and subsequent leaflet
tethering have been associated with TR in patients with
HLHS.9,10

Several reports have suggested that TV repair decreases
the severity of TR and could improve the outcomes in
patients with HLHS.11-14 De Vega type annuloplasty,
selective annuloplasty, cleft closure, chordal shortening,
posterior leaflet obliteration, and commissure closure have
been used to repair the TV in this population; however,
no standard surgical approach exists. Recent advances
in echocardiography and the understanding of the
ery c September 2014
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Abbreviations and Acronyms
AP ¼ anteroposterior
AS ¼ anteroseptal
HLHS ¼ hypoplastic left heart syndrome
IQR ¼ interquartile range
PM ¼ papillary muscle
RV ¼ right ventricular
TR ¼ tricuspid regurgitation
TV ¼ tricuspid valve
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mechanisms of RV and TV function in the systemic
circulation have made it possible to systematically
evaluate the TV preoperatively with the aim of tailoring
the surgical technique to specific anatomic abnormalities.
Nevertheless, significant discrepancies between the
echocardiographic and surgical findings have been
reported and have complicated this approach.11

The purpose of our study was to evaluate the underlying
echocardiographic mechanisms of TR in patients with
HLHS completing staged palliation and correlate those
with the efficacy and durability of the surgical approach
undertaken.

METHODS
A retrospective analysis was undertaken of all patients with HLHS

completing staged palliation through the Fontan procedure at Boston Chil-

dren’s Hospital from January 2000 through December 2012. The cardiac

surgery and cardiac intensive care unit databases, hospital medical records,

data from the echocardiography laboratory, and information from referring

cardiologists were reviewed. All patients were followed up until death, lost

to follow-up, or January 2014. Patients with anatomic variants without a

morphologic right ventricle as the systemic ventricle were excluded from

the present study. It has been consistently reported in published studies

that patients showing significant TR before the Norwood procedure are

at high risk of morbidity and mortality and thus will not complete staged

palliation.12 Because the main goal of our study was to evaluate the under-

lying mechanisms of TR through follow-up of patients completing staged

palliation and because TV plasty was not routinely performed during the

early period of our study, we excluded patients who had undergone TV

repair at stage I. The institutional review board approved the present study.

The pre- and postoperative echocardiograms were reviewed, and the pa-

rameters of interest were measured by a single experienced echocardiog-

rapher (D.W.B.). The existence and degree of TR was assessed with

echocardiography using the 2-dimensional lateral and anteroposterior

(AP) width of the vena contracta in the orthogonal planes and were catego-

rized as none or trivial (0-0.20 cm), mild (0.20-0.40 cm), moderate (0.40-

0.60 cm), or severe (>0.60 cm). In addition, TR was subjectively expressed

as 0 (none or trivial), 1 (mild), 2 (moderate), or 3 (severe). The location of

the regurgitant jet from the en face views was recorded. The mechanism of

regurgitation was ascertained by noting the functional and structural abnor-

malities, such as valve morphology, leaflet prolapse, leaflet restriction,

clefts, and ruptured chord. Prolapse was defined as any leaflet tissue above

the plane of the tricuspid annulus in systole. The TVarea and AP and lateral

diameters were measured, and the Z-scores based on the patients’ body sur-

face area were calculated using our own echocardiography laboratory’s

database.15 RV function was measured by subjective assessment and cate-

gorized as 0 (none or trivial), 1 (mild), 2 (moderate), or 3 (severely

depressed).
The Journal of Thoracic and Ca
The operative descriptions of the TV repair were compared with the

echocardiographic data. The surgical techniques used were according to

surgeon preference. To assess the durability of the TV repair, the echocar-

diogram at the most recent follow-up visit was reviewed for the degree of

TR and assessment of RV function.

Generally, the TV was inspected in patients with HLHS with equal or

greater than mild to moderate TR at staged palliation. After opening the

right atrium, the surgeon checked the valve morphology and tested the

competence with saline. We have previously described different surgical

techniques used for TV repair.13,14 In brief, simple annuloplasty and

commissuroplasty were the 2 major techniques used in patients with

annular dilatation and/or leaflet prolapse. Partial annuloplasty was

performed with a single stitch similar to the De Vega annuloplasty. Less

commonly, a prosthetic ring was used. Prolapsing leaflets were

resuspended by approximation with interrupted fine polypropylene suture

to the adjacent leaflet, thus closing the commissure and improving the

linearity of the coaptation area. More recently, we have incorporated

repositioning of the anterior PM of the TV toward the septum to improve

ventricular sphericity and valve tethering.13,16 Less commonly used

techniques included chordal shortening for chordal elongation and the

use of artificial chords for rupture chords.

Statistical Analysis
If continuous variables were normally distributed, the mean� standard

deviation values were used and the median and interquartile range (IQR) if

not. The pre- and postoperative changes in the continuous variables, TV di-

mensions and vena contracta, were compared using a paired t test. Associ-

ations between dichotomous variables were compared using Fisher’s exact

test. In the case of the normal assumption not meeting, the analysis of 3 in-

dependent variables was performed using the asymptotic Kruskal-Wallis

test. For 2 independent variables, the asymptotic Wilcoxon Mann-

Whitney rank sum test was used. The Kaplan-Meier curve was used to es-

timate the freedom of RV dysfunction. All test and graphs were performed

using R software.17

RESULTS
From January 2000 through December 2012, 53 TV re-

pairs were performed in 35 patients with HLHS who had
completed staged palliation through the Fontan procedure.
All patients had mild to moderate or greater TR preopera-
tively. TV repair was performed at stage II in 15, between
stage II and III in 4, at stage III in 27, and after stage III
in 7. The characteristics of TV repair are listed in Table 1.
The median age at the initial TV repair was 23.20 months
(IQR, 6.31-194.0). All patients were alive at discharge
without TV reintervention. Seventeen patients required
repeat TV repair at a median age of 36.50 months (IQR,
3.81-97.3), with an interval between repairs of 23.30
months (IQR, 18.4-68.7).

Perioperative Echocardiography
The preoperative echocardiograms showed the predomi-

nant jet of TR emanating along the anteroseptal (AS)
commissure in 36 (68%), centrally in 12 (23%), and poste-
riorly in 5 (8%) of the 53 procedures. Preoperative anterior
TV leaflet prolapse was identified on the echocardiogram in
31 of the 53 procedures (58%) and was the most common
cause of TR. Preoperative echocardiography showed a
dilated TVannulus at the lateral dimension, AP dimension,
rdiovascular Surgery c Volume 148, Number 3 833



TABLE 1. Characteristics of patients with tricuspid regurgitation and

timing of valve repair

Characteristic Value

Total patients 35

Total TV repair procedures 53

Etiology of TR

AS commissure 36 (68)

Central 12 (23)

Posterior 04 (8)

Stage of TV repair

Stage II (BDG) 15 (28)

Between stage II and III 04 (8)

Stage III (Fontan) 27 (51)

After stage III 7 (13)

Timing of repair (mo)

Age at first TV repair 23.2 (6.31-194)

Interval between repairs 23.3 (18.4-68.7)

Age at second TV repair 36.5 (27.1-97.30)

Data presented as n, n (%), or median (interquartile range). TV, Tricuspid valve; TR,

tricuspid regurgitation; AS, anteroseptal; BDG, bidirectional Glenn.
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and area that was significantly reduced after TV repair
(P< .0001). The preoperative mean TR assessed subjec-
tively and by the lateral (P ¼ .0022) and AP (P ¼ .0058)
vena contracta had also decreased significantly after TV
repair. A reduction in the TV dimensions and vena contracta
was also significant after multiple TV repairs. The preoper-
ative and postoperative changes after the first and second
TV plasty are listed in Table 2. TV repair did not signifi-
cantly affect RV systolic function immediately after surgery
(P ¼ .17) or at the most recent follow-up visit (P ¼ .5228;
Figure 1).
Surgical Assessment
The surgical techniques for valvuloplasty were AS com-

missuroplasty in 35 (66%), anterior PM repositioning in 6
TABLE 2. Changes in tricuspid valve dimensions, area, and vena contract

Tricuspid valve

First tricuspid valvuloplasty

Preoperative Postoperative

Patients (n) 35 35

Annulus (Z-score)

Lateral 4.07 � 1.7 0.88 � 1.99

AP 3.74 � 1.95 0.36 � 1.6

Area (Z-score) 6.34 � 2.7 1.22 � 2.29

Vena contracta (mm)

Lateral 0.47 � 0.19 0.23 � 0.24

AP 0.41 � 0.17 0.23 � 0.29

TR grade (n)

0 (none or trivial) 0 15

1 (mild) 14* 16

2 (moderate) 13 4

3 (severe) 8 0

Data presented as mean � standard deviation, unless otherwise noted. AP, Anteroposterio
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(11%), multiple commissuroplasties in 5 (9%), septal-
posterior commissuroplasty in 5 (9%), and fenestration
closure in 2 (4%) of the 53 procedures. Additional annulo-
plasty was performed in 20 of the 53 cases (38%). Echocar-
diography was more sensitive in assessing leaflet motion
abnormalities (prolapsed or tethering) and annular dilata-
tion than in depicting some structural abnormalities. All pa-
tients undergoing annuloplasty had had a dilated TV
annulus preoperatively. Prolapse of the anterior leaflet
was detected by echocardiography in 31 of the 35 patients
(89%) who underwent AS commissuroplasty. PM reposi-
tioning was used in our series in 4 cases of anterior leaflet
prolapse and 2 of predominant posterior leaflet-related
regurgitation. However, 10 patients in our series underwent
cleft (n ¼ 8) and fenestration (n ¼ 2) closure of previously
undetected structural abnormalities.

Late Follow-up
The median follow-up period after 1 or multiple TV re-

pairs was 38.18 months (IQR, 0.29-149.80) and 17.06
months (IQR, 0.19-138.3), respectively. More than 1 TV
repair was required in 17 patients (48%) at a median inter-
val of 23.20months (IQR, 0.49-68.7). Themedian age at the
first repair for patients requiring repeat repair was 6.38
months (IQR, 3.32-28.80). The median age was 28.1
months (range, 4.6-194) for those undergoing a single TV
procedure (P < .0001). Two patients underwent a third
repair, one with annuloplasty ring adjustment and one
with additional commissuroplasty.

Freedom from TV replacement and transplant-free sur-
vival were both 97% (34 of 35 patients) at the latest
follow-up point. One patient, who had undergone multileaf-
let TV repair and a previous attempt at repair during stage
III, required TV replacement. One patient died with moder-
ate TR and severe RV dysfunction, who had undergone TV
repair at stage III. Excluding the patient who died and the
a after first and second valvuloplasty

Second tricuspid valvuloplasty

P value Preoperative Postoperative P value

17 17

<.0001 2.59 � 1.84 0.08 � 1.71 .0002

<.0001 2.67 � 2.43 0.29 � 1.62 .0058

<.0001 4.09 � 3.11 0.61 � 2.06 .0016

.0002 0.44 � 0.23 0.17 � 0.24 .0015

.0042 0.43 � 0.17 0.20 � 0.10 .0004

0 6

8* 10

6 1

3 0

r; TR, tricuspid regurgitation. *Mild to moderate TR.
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FIGURE 1. Changes in right ventricular (RV) function from preopera-

tively (pre) to early postoperatively (post) to the most recent follow-up

point (last) using 2-dimensional echocardiography.
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patient requiring TV replacement, 5 of the 33 patients
(15%) showed significant TR (moderate or greater;
Figure 2, A) and 7 (21%) had significant RV dysfunction
(moderate or greater) on the most recent follow-up echocar-
diogram (Figure 2, B).

No predictors of recurrent TR were identifiable when
the data were analyzed by the preoperative mechanism of
TR (AS commissure, central, posterior) and surgical tech-
nique used at repair (AS commissuroplasty, anterior PM
repositioning, triple commissuroplasty, septal-posterior
commissuroplasty, fenestration closure). However, the pre-
operative anatomy with an anterior TV leaflet prolapse was
significantly associated with moderate or greater RV
dysfunction at the most recent follow-up point (P ¼ .02;
Figure 2, C). Moreover, all 5 patients with significant TR
at the most recent follow-up echocardiogram had had a
dilated annulus preoperatively compared with the other
patients and a prolapsed anterior TV leaflet.
DISCUSSION
Significant TR at birth is a well-known risk factor for

early mortality after stage I palliation12 and is a common
late finding, with approximately 25% of stage I survivors
undergoing TV intervention within 10 years.8 In patients
with HLHS, the TV functions as the systemic atrioventric-
ular valve; therefore, anatomic abnormalities of the TV will
have dramatic effects on morbidity and mortality. Despite
TR being a significant risk factor in patients with HLHS,
the underlying mechanisms of TR remain unclear. There-
fore, no standard surgical approach has been widely
accepted. In our series, we evaluated 53 TV plasties in 35
patients with HLHS and found that the predominant jet of
The Journal of Thoracic and Ca
TR emanated along the AS commissure in 68%, centrally
in 23%, and posteriorly in 8%. Furthermore, anterior leaflet
prolapse was identified as the most common cause of TR
preoperatively. Annular dilatation appeared as a secondary
phenomenon. Patients with anterior leaflet prolapse were at
increased risk of worse outcomes, including moderate or
greater RV dysfunction (P ¼ .02) and recurrent TR at late
follow-up. The patients requiring reoperation for TV repair
were younger (6.3 vs 28.1 months, P<.0001) at the initial
operation. One patient died during the follow-up period.
Freedom from TV replacement and transplant-free survival
were both 97% at the most recent follow-up visit.
Themechanism of TV regurgitation in HLHS is complex,

multifactorial, and can be anatomic or functional.11,12

Furthermore, the actual contributing factors toward TR
have not been consistently agreed on.11 When considering
the mechanisms contributing to TR in patients with
HLHS, one must consider the annulus, leaflets, chordal
structures, and ventricle. Abnormalities of �1 of these
structures can be present at birth or can develop after stage
I. Frequently occurring after the development of TR, addi-
tional annular dilatation and worsening TR can occur from
increased volume loading, which alters the RV and PM ge-
ometry. Commonly in HLHS, the anterior leaflet of the TV
will be prolapsed, the septal leaflet will be tethered, and the
annulus will be dilated. During the past decade, surgeons
have recognized the importance of directly addressing the
mechanisms of TR in all stages of palliation. A number of
techniques have been reported13,14,16,18-21 that initially
focused on addressing annular dilatation. Bharucha and
colleagues11 reported on the mechanisms of TR in 32 pa-
tients with HLHS and compared the echocardiographic
and surgical findings. Compared with controls, the anterior
leaflet was abnormal in 97% of cases, the septal leaflet in
91%, and the posterior leaflet in 66%. The abnormality
most commonly producing regurgitation was a prolapsing
anterior leaflet in 59%, and annular dilatation was present
in 91% of the patients. Although the mechanisms of TR
were identified, it is important to note that the most common
surgical techniques used were partial annuloplasty and
commissuroplasty, which did not necessarily address all
pathologic features. Kasnar-Samprec and colleagues22 re-
ported on 18 of 90 consecutive patients with HLHS with
significant TR before stage II. Similarly, all patients had a
dilated annulus, the anterior leaflet was prolapsed in 61%
of the patients, and septal leaflet tethering was present in
67%. Unloading by the superior cavopulmonary anasto-
mosis promoted RV remodeling but failed to improve
TR.22 In 2004, Ohye and colleagues19 analyzed the results
of 28 patients with HLHS and significant TR after stage I.
Successful TV repairs were predictive of preserved TV
and RV function, with older and larger patients (age, 20
months, and weight, 8.7 kg, vs age, 6.1 months, and weight,
4 kg) having improved late outcomes. Partial annuloplasty
rdiovascular Surgery c Volume 148, Number 3 835



FIGURE 2. Kaplan-Meier (K-M) curves estimating freedom from (A) significant (moderate or greater) tricuspid regurgitation (TR), (B) right ventricular

(RV) dysfunction, and (C) significant RV dysfunction by preoperative tricuspid valve anatomy (anterior [Ant] leaflet prolapse vs other anatomy).

Congenital Heart Disease Bautista-Hernandez et al

C
H
D

to obliterate the posterior leaflet and form a bicuspid TV
was the most common technique and proved to be the
most effective, with improved outcomes.19-21 Ugaki and
colleagues23 also reported on 17 patients with HLHS, of
whom 82% had a dilated annulus and central regurgitation.
After posterior annuloplasty, the TR was improved, the RV
end-diastolic area had decreased, fractional area change had
occurred, and the coaptation length had improved.23

Although posterior annuloplasty can address TR at the level
of the septal-posterior commissure, it does not address the
regurgitation emanating from the AS commissure. In our
series, to address anterior leaflet prolapse and/or TR
836 The Journal of Thoracic and Cardiovascular Surg
through the AS commissure, we closed the AS commissure
in 66% of the patients.

The long-term ability of the TV to support the systemic
circulation is limited, because the TV is not designed to
function with a circular annulus, such as occurs with RV
dilatation. Nii and colleagues9 reported on TV annular
function in 26 patients with HLHS at different stages of
palliation using 3-dimensional echocardiography. The
TV annulus was flattened, rather than saddle shaped,
throughout ventricular systole, limiting septal-lateral
contraction at the AS commissure, with resultant TR.9

They also found that annular dilatation and area change
ery c September 2014
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correlated with TR. The anterior TV leaflet was primarily
involved in 63%, with AS commissuroplasty and annulo-
plasty performed in 74% and 96%, respectively. TV repair
significantly reduced the annular measurements and TR
without affecting RV function.9 Similarly, in our series,
the most common preoperative finding was annular dilata-
tion with an increased TV area and diameter. However, all
patients with significant TR at the most recent follow-up
visit had had a severely dilated TV annulus and prolapse
of the anterior leaflet preoperatively.

Preservation of RV function is crucial to prevent
morbidity and mortality in patients with HLHS. Controver-
sial data exist regarding whether RV dysfunction and repeat
TV repair are closely associated. In our series, we found no
significant decrease in RV function after TV repair. RV
dysfunction and dilatation can also have significant effects
on the subvalvar components of the TV. In addition to re-
porting changes in annular shape, Nii and colleagues9 re-
ported more lateral displacement of the anterior leaflet
PM in patients with significant TR. They speculated that
displacement of the anterior leaflet PM pulls the anterior
leaflet from the septal leaflet, with resultant regurgitation.9

More recently, Takahashi and colleagues10 evaluated 35 pa-
tients with HLHS (10 after stage I, 12 after stage II, and 13
after stage III) using 2- and 3-dimensional echocardiogra-
phy. They observed an enlarged TV area in those with
HLHS compared with the control patients and significant,
associated TRwith leaflet tethering and/or prolapse. Similar
to observations in adults with functional TR,24,25 tethering
was related to lateral displacement of the supporting PM.
They concluded that the TV annular dynamics and PM
displacement are important associations with significant
TR in patients with HLHS.

We have previously reported RV PM approximation as a
novel technique for the repair of functional TR. PM reposi-
tioning was more effective than annuloplasty alone in
reducing TR and improving ventricular sphericity and valve
tethering. The reduction of the annular dimension was espe-
cially evident in the septal-lateral diameter.16 Moreover, our
early clinical experience with this technique in children
with TR and congenital heart disease showed less than
mild TR in 88% of patients at a mean follow-up of 13
months.13 In the present series, we used PM repositioning
in 6 patients, with only 1 having significant TR at the
most recent follow-up visit. However, our experience with
this technique was too small, with insufficient follow-up,
for conclusions regarding its value.

Study Limitations
The limitations of the present study were primarily

related to the retrospective nature of the analysis. The
limited number of patients with HLHS and complex multi-
factorial nature of TR requires a cohort from multiple insti-
tutions for a prospective evaluation to precisely evaluate
The Journal of Thoracic and Ca
and correlate the preoperative echocardiographic and surgi-
cal findings and their relationship to specific surgical tech-
niques and associated long-term outcomes. The analysis
was based on the available 2-dimensional images. However,
they were sufficient in all cases to analyze the TV
dimensions and vena contracta. Additional, complementary
information could be provided by 3-dimensional echocardi-
ography. There was also a risk of selection bias. TR is a
well-known factor that avoids progression through staged
palliation in those with HLHS; thus, we might not have
captured patients with more severe forms of TR. However,
the finding of a frequent common mechanism of TR in pa-
tients with HLHS completing Fontan circulation has poten-
tial importance for the surgical treatment of this challenging
population.
CONCLUSIONS
TV repair in patients with HLHS after Fontan completion

is feasible and can be accomplished in most patients,
reducing TR and the TV dimensions without significant
changes in RV function. The most common preoperative
TV features were annular dilatation and anterior leaflet pro-
lapse with regurgitation at the level of the AS commissure.
Preoperative annular dilatation and anterior TV leaflet pro-
lapse continue to be associated with worse outcomes. With
increasing experience, a tailored, multilevel approach can
be undertaken at the annulus, leaflets, PMs, or ventricle, de-
pending on the underlying pathophysiologic mechanism of
TR in this challenging population.
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Discussion
Dr Jennifer Hirsch-Romano (Ann Arbor, Mich). Thank you

for an excellent presentation and demonstration of very good out-
comes for a challenging population. TV regurgitation certainly is
the bane of existence for surgeons caring for patients with
HLHS, and, as your results demonstrate, this can be a very difficult
lesion to address. You had excellent short-term outcomes but
demonstrated that TR often recurs late for these patients.

We have studied TV repairs quite extensively in our own pa-
tients, and, as a result of those analyses, we have devised a slightly
838 The Journal of Thoracic and Cardiovascular Surg
one-size-fits-all approach. We have found that in our hands oblit-
erating the posterior leaflet as our form of annuloplasty has been
the most effective, aside from addressing any obvious leaflet struc-
tural abnormalities.

From your study findings, it looks like really AS commissuro-
plasty, plus or minus annuloplasty, has been the most effective
for your patients. Have you noticed since the completion of your
study that there has been a change in approach to these patients
with a more unified surgical plan?

Dr Bautista-Hernandez. These results are very recent. We
conducted this study until January 2014, so as far as I can tell,
we did not change our practice because of this study so far.

We are very aware of your previous publications fromyour insti-
tution on TR, with very good outcomes, too; however, our concern
is that with the bicuspidization of the tricuspid valve, I do not know
how effective thatwill be to address the TR if the jet comes from the
AS commissure, which is what we have seen in our study.

DrHirsch-Romano. Specifically, how do you perform your an-
nuloplasty? Do you perform it with a sizer, and do you use absorb-
able or nonabsorbable suture? This is a 2-pronged question,
because Dr del Nido is also in the audience, what are your thoughts
on bioabsorbable rings in the future for performing annuloplasty
for these patients.

Dr Bautista-Hernandez. That is a very good point. I did not
comment on the technique we used for annuloplasty. In our series,
we have the De Vega annuloplasty, we have partial annuloplasty,
and a few patients received rings. One of them had a resorbable
ring placed and another two had just regular rings. Thus, really,
it has been the surgeon’s preference so far. So that is what I can tell.

Dr Hirsch-Romano.When you perform your annuloplasty, do
you use a sizer at all or is it just based on an ‘‘eyeball’’
measurement?

Dr Bautista-Hernandez. It is a combination of both. We do
measure the TV annulus, but we have not regularly downsized
the valve to a Z-score of 0, for instance, because the Z-scores
were determined from measurements from regular biventricular
hearts and, thus, are really not meant for patients with HLHS.

Dr Hirsch-Romano. In regard to the timing of your TV repair,
we quite often try to address any element of TV regurgitation
before the Fontan operation, partially based on data showing that
the length of cardiopulmonary bypass and crossclamp time at Fon-
tan can affect the long-term outcomes. Can you talk a little bit
about what your decision tree is for the timing of repair.

Dr Bautista-Hernandez. As you are very well aware, we usu-
ally perform the intracardiac tunnel Fontan operation, so those pa-
tients require an aortic crossclamp and opening of the right atrium,
so you have the TV right there. Thus, we usually take advantage of
this approach to repair the TV.

DrHirsch-Romano. So, for patients with mild to moderate TR,
would they tend towait until the Fontan rather than undergoing TV
repair earlier?

Dr Bautista-Hernandez. I mean it depends on every patient. In
the present series, we have some patients who underwent the repair
at stage II, between stage II and III, and even some of them under-
went the repair later on after the Fontan, so it is a tailored approach.
But at the time of the Fontan, because we have the TV there, we try
to fix it if we see more than mild to moderate TR.

Dr Harald L. Lindberg (Oslo, Norway). That was a very nice
presentation. I just wonder, the reason for the TR, have you made
ery c September 2014
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any correlation study of the timing of the second stage to the
timing of volume overload of the heart, if that is correlated to
the occurrence of late TR? I think with your numbers that would
be possible to do.

Dr Bautista-Hernandez. That would be possible to do. But
when we decided to do this study, wewanted to focus on the timing
of stage III, precisely one of the reasons was that. Many reports
have been published stating that perhaps reduction of the volume
overload of the right ventricle at stage II can reduce the amount
of TR. However, the data are controversial, so we tend to repair
whenever we have significant TR at any stage.

Dr Emile Bacha (New York, NY). Victor, great presentation.
Very good results, but disappointing at the same time, because
the RV function was not affected. When you think about what
we try to do, ultimately, we are trying to preserve or even improve
RV function. I am as aggressive as the surgeons in Boston with re-
pairing TVs in patients with HLHS, but it seems to me we are at-
tacking a symptom and not the origin of the problem with HLHS.
The problem might be subendocardial ischemia for all we know,
much like ischemic mitral valve regurgitation. So, can you find
some positive elements for us, that is, improvement in survival,
for example, or better freedom from transplantation, in the patients
who underwent TV repair? Are we actually doing something good
for these patients when we repair the TV?

Dr Bautista-Hernandez. That is an excellent point, but we did
not compare patients who did not undergo TV repair in the present
study, so I cannot really answer your question.

Dr Bacha. But you know that group of patients very well. Do
you have an impression, at least, compared with the non-tricuspid
valvuloplasty patients?

Dr Bautista-Hernandez. Thosewho did not undergo TV repair
and had significant TR, you mean?

Dr Bacha. Yes, or even those who did not have much TR. I
mean, do they have the same survival? Do we, perhaps, by repair-
ing the TVs, not affect the RV function, but their survival then
equals those who never had TR? Do we achieve that by repairing
their TVs?

Dr Bautista-Hernandez. My impression is that survival im-
proves. We also had a presentation at the American Heart Associ-
ation meeting in 2006, with preliminary data from Boston. We
were able to compare 2 groups of patients with HLHS and signif-
icant TR, those who had undergone tricuspid valvuloplasty and
those who had not. We found that those patients who had under-
gone TV repair did better than those who had not but had signifi-
cant TR; thus, tricuspid valvuloplasty improved the outcomes in
that challenging population.

Dr TaraKaramlou (San Francisco, Calif). Two questions. One
of my questions is, again, regarding the timing. Could you, based
on your data, try to differentiate whether particular mechanisms of
TR would improve solely by unloading at the Glenn procedure or
were these all structural issues that required valvuloplasty or other
reparative techniques? That is the first question.

Dr Bautista-Hernandez.We did not have many patients at the
time of stage II, so we cannot really answer that question. We do
not have enough patients to answer that question.

Dr Karamlou. It might be interesting to try to look at that as
you gather more patients.

Dr Bautista-Hernandez. Sure.
The Journal of Thoracic and Ca
DrKaramlou. Then, the second question is, you again were de-
laying a number of these repairs until the Fontan. Do you think you
would have seen an incremental benefit in RV function had you
intervened on the TV earlier, say at the Glenn?

Dr Bautista-Hernandez. With respect to the RV function
before the first repair, which was undertaken for most patients at
stage III, we did not have patients with severe RV dysfunction.
So, I do not think that just by waiting until stage III that a signif-
icant worsening in RV function occurs. However, in our series, we
performed tricuspid valvuloplasty whenever necessary through
staged palliation.

Dr Christopher A. Caldarone (Toronto, Ontario, Canada).
That was a very nice presentation. If you do not mind, could you
just tell us a little bit more about the relationship between the ante-
rior leaflet prolapse and the anterior PM repositioning. You identi-
fied anterior leaflet prolapse as an important indicator of a bad
actor, and I think that is a very important observation. You also
stated that anterior PM repositioning was effective in your
analysis.

First, could you actually conclude that anterior PM reposition-
ing was statistically important?

Second, what was the relationship of anterior PM repositioning
with regard to the subset of patients with anterior leaflet prolapse?

Dr Bautista-Hernandez. That is a very good question. This se-
ries goes from 2000 to 2012; thus, PM repositioning is a technique
we have recently introduced into our clinical armamentarium.
Therefore, it was not being performed at the beginning of our
study. At that time, we were mainly using AS commissuroplasty.
Moreover, we had just a few patients with PM repositioning in
our series; thus, we cannot ensure that it is an effective technique.
In addition, we do not have long-term follow-up data for those pa-
tients, so we must be cautious about sending out the message that
PM repositioning is an outstanding technique.

Dr Caldarone. Well, it might very well turn out to be. Among
all the techniques you have described, anterior PM repositioning is
the only technique that manages the subvalvular support rather
than just the level of the annulus and the leaflet. So I think it prob-
ably will be very important. But I just wanted to see whether you
could actually state that you have proved the point, and it sounds
like it is premature to do so.

Dr Bautista-Hernandez. It is premature. But our last conclu-
sion was exactly that. Perhaps with this approach we can treat,
not only the annulus, but also the subvalvular apparatus and, there-
fore, approach patients with a tailored surgical repair. I mean that
you study the patient preoperatively and decide which technique
will be a better fit.

Dr Carl L. Backer (Chicago, Ill). When you perform a valvu-
loplasty, are you closing the commissure between the anterior and
septal leaflets with interrupted sutures?

Dr Bautista-Hernandez. The commissuroplasty you mean?
Dr Backer. Yes.
Dr Bautista-Hernandez. Yes.
Dr Backer. Let me poll the audience. I have always used the

posterior leaflet obliteration technique described by the Michigan
group. Let us take a vote and see how many surgeons are primarily
using that posterior leaflet obliteration technique.

(Show of hands.)
I see about 10 hands.
rdiovascular Surgery c Volume 148, Number 3 839



Congenital Heart Disease Bautista-Hernandez et al

C
H
D

How many surgeons are using AS commissuroplasty, as per the
Boston strategy?

(Show of hands.)
That looks like about 50 to 60 hands.
How many people are routinely placing an annuloplasty, some

sort of an annuloplasty, when they operate on these patients?
(Show of hands.)
I see about 20 hands.
And, how many surgeons rarely, if ever, use annuloplasty?
840 The Journal of Thoracic and Cardiovascular Surg
(Show of hands.)
It looks like about 40 hands. It appears we do not have

this problem completely figured out. We need to keep work-
ing on it.

Dr Hirsch-Romano. And how many people are using rings?
(Show of hands.)
Dr Hirsch-Romano. So 1.
So Dr Del Nido, you have your work cut out for you.
Dr Backer. Perhaps next year’s presidential address.
ery c September 2014
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