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Dow
bjectives: We sought to describe a new technique for tricuspid valve repair in
bstein’s anomaly and to report early echocardiographic results, as well as early and
idterm clinical outcomes.

ethods: From November 1993 through August 2005, 40 consecutive patients with
bstein’s anomaly (mean age, 16.8 � 12.3 years) underwent a new surgical repair
odified from Carpentier’s procedure, the principal details of which are as follows.
he anterior and posterior tricuspid valve leaflets are mobilized from their anom-
lous attachments in the right ventricle, and the free edge of this complex is rotated
lockwise to be sutured to the septal border of the anterior leaflet, thus creating a
one the vertex of which remains fixed at the right ventricular apex and the base of
hich is sutured to the true tricuspid valve annulus level. Additionally, the septal

eaflet is incorporated into the cone wall whenever possible, and the atrial septal
efect is closed in a valved fashion.

esults: There was 1 (2.5%) hospital death and 1 late death. Early postoperative
chocardiograms have shown good right ventricular morphology and reduction in
ricuspid regurgitation grade from 3.6 � 0.5 to 1.2 � 0.5 (P � .0001). After mean
ollow-up of 4 years, the functional class (New York Heart Association) improved
rom 2.6 � 0.7 to 1.2 � 0.4 (P � .0001). Two patients required late tricuspid valve
e-repair, and there was neither atrioventricular block nor tricuspid valve replace-
ent at any time.

onclusions: This surgical technique for Ebstein’s anomaly can be performed with
ow mortality and morbidity. Early echocardiograms showed significant reduction
f tricuspid insufficiency, and the follow-up showed improvement in patients’
linical status and low incidence of reoperation.

bstein’s anomaly of the tricuspid valve (TV) constitutes approximately 1% of
congenital heart defects and has presented an ongoing challenge since the
initial repair attempts in 1958.1,2 Danielson and associates’ approach3 has

ccumulated a large experience in repair of the TV at the level at which it exists in
he right ventricle (RV). However, the goal of eliminating tricuspid regurgitation has
imited the procedure to a certain subset of anatomic variations, and TV replacement
TVR) has been necessary in 36% to 65% of cases.3-5

Carpentier and colleagues6 carefully described and reported a new technique in

988. In contrast to the transverse plication of the atrialized chamber described by
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anielson and associates,3 they plicated the RV longitudi-
ally and also returned the TV to the anatomically correct
evel, thus obtaining good right ventricular morphology.
he tricuspid annulus was remodeled and reinforced with a
rosthetic ring. Carpentier was able to apply his procedure
o almost all anatomic presentations of the disease, but
ospital mortality was high (14%) in his initial series, and
ate complications were also important. Quaegebeur and
oworkers7 performed a slightly modified operation without
he use of a prosthetic ring. They reported no early deaths
ut still observed a high incidence of moderate and severe
V regurgitation. Beginning in 1989, our group developed
nd subsequently began to routinely perform a new surgical
echnique, termed cone reconstruction.8 It uses some prin-
iples of the Carpentier technique but reconstructs the TV in
markedly different manner: the cone-shaped valve opens

o a central blood flow and closes with full coaptation of
eaflets. The objective of this study is to relate in detail the
echnical aspects of this operation, as well as to assess the
arly echocardiographic results and the early and late clin-
cal outcomes.

atients and Methods
etween November 1993 and August 2005, 40 consecutive pa-

ients with Ebstein’s anomaly of the TV underwent the surgical
epair described herein after informed consent was obtained from
ach patient and study project approval was given by the hospital
eview board. The patient characteristics are depicted in Table 1.
he operation was indicated for the following patients: (1) those
ith symptomatic New York Heart Association (NYHA) func-

ional class III or IV; (2) those with NYHA functional class I or II
ith cardiomegaly and a cardiothoracic ratio of 0.65 or greater; (3)

hose with significant cyanosis and polycythemia; (4) those with
aradoxical embolism; and (5) those with tachycardia and acces-
ory atrioventricular (AV) bundle. Five symptom-free patients did
ot undergo operations because they did not fulfill the above
riteria. In addition, the newborn patients were excluded because
hey were not managed with this technique. No other patient with
bstein’s anomaly was excluded for any reason.

urgical Technique
fter installing extracorporeal circulation with bicaval cannulation

nd infusing blood cardioplegia for myocardial protection, an
blique right atriotomy is performed (Figure 1, A). An incision is

Abbreviations and Acronyms
ASD � atrial septal defect
AV � atrioventricular
NYHA � New York Heart Association
RV � right ventricle
TV � tricuspid valve
TVR � tricuspid valve replacement
hen initiated near the point of divergence of the displaced attach- s

16 The Journal of Thoracic and Cardiovascular Surgery ● Janu
jtcs.ctsnetjourDownloaded from 
ent of the anterior tricuspid leaflet from the plane of the normal
nnulus. This incision is then prolonged posteriorly, detaching the
nterior and posterior tricuspid leaflets from their anomalous at-
achments in the RV as a single piece.

Next, the abnormal papillary muscles and other tissues between
he individual leaflets and the corresponding right ventricular wall
reas are divided, taking particular care to preserve the right
entricular apex attachments. This gives access to the subvalvular
pparatus while retaining support to the eventual valve. The re-
ulting excellent exposure permits division of fused papillary
uscles, fenestration of obliterated interchordal spaces, and trian-

ular resections on the leaflet distal third as necessary to improve
he right ventricular blood inflow afterward.

Then the septal edge of the anterior leaflet is carefully mobi-
ized by freeing its connections to the interventricular septum.
herefore only the normal attatchment of the anterior leaflet to the

rue tricuspid annulus and the proper subvalvular apparatus are left
n place (Figure 1, B). Then the free edge of the posterior leaflet is
otated clockwise and sutured to the anterior leaflet septal edge,
orming a new TV resembling a cone (Figure 1, C).

An important technical consideration is management of the
eptal leaflet. This leaflet is hypoplastic and displaced downward
n Ebstein’s anomaly. However, in 22 patients it was sufficiently
eveloped to take part in the newly constructed TV. Therefore it
as extensively mobilized by taking down its proximal edge and

eleasing the adhesions from the ventricular septum. When it is too
hort to reach the true tricuspid annulus, longitudinal elongation is
one by plicating its proximal edge toward the center.

On completion of these preparations, the anterior edge of the
eptal leaflet is sutured to the septal edge of the anterior leaflet
Figure 2, A). Anchoring the free edge of the posterior leaflet to the
ther side creates a wider cone (Figure 2, B). In some cases, a short
eptal leaflet can be completed with the posterior leaflet tissues,
hich, on rotation, will form its proximal portion. In a few cases,

he septal leaflet is represented by only a fibrous tissue ridge that
oes from the membranous septum to the right ventricular apex. It

ABLE 1. Preoperative patient characteristics
ariable Value

ge, y (range; mean) 1-49; 16.76 � 12.27
ex

Male 24 (60%)
Female 16 (40%)

yanosis 21 (52.5%)
dema 2 (5.0%)
eft ventricular cardiomyopathy 2 (5.0%)
ardiothoracic ratio (%) 64 � 6.01
ssociated heart defect
ASD-oval foramen 35 (87.5%)
Accessory conduction pathway 9 (22.5)
VSD 1 (2.5%)
Pulmonary stenosis 3 (7.5%)
Anomalous pulmonary venous

connection (partial)
1 (2.5%)

SD, Atrial septal defect; VSD, ventricular septal defect.
till can be useful as an attachment for the posterior TV leaflet.
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fter this, the atrialized RV is longitudinally plicated to exclude its
hin part (used in about 80% of cases). Endocardial placement of
his suture avoids damage to the coronary arteries.

The new valvular annulus is constructed at the anatomically
orrect level by means of plication of the true tricuspid annulus
o match the proximal circumference of the already constructed

Figure 2. Surgical sequence of tricuspid valve repair w
and posterior leaflets and part of the anterior leaflet of t
SL, septal leaflet. B, Septal leaflet sutured to the poste

annulus. C, Final aspect after filling the right ventricle with

The Journal of Thoracic
jtcs.ctsnetjoDownloaded from 
one-shaped valve (Figure 1, C), which is then attached to it
ith care when suturing near the AV node, where only very

uperficial bites should be taken to avoid heart block (Figure 1,
, and Figure 2, C).

Finally, regarding the issue of atrial septal defect (ASD) clo-
ure, the capacity to shunt right to left must be preserved postop-

Figure 1. Operative steps for Ebstein’s
anomaly repair. A, Opened right atrium
showing displacement of the tricuspid
valve. TTA, True tricuspid annulus;
ASD, atrial septal defect; CS, coronary
sinus. B, Detached part of the anterior
and posterior leaflet forming a single
piece. C, Clockwise rotation of the
posterior leaflet edge to be sutured to
the anterior leaflet septal edge and pli-
cation of the true tricuspid annulus. D,
Complete valve attachment to the true
tricuspid annulus and valved closure
of the atrial septal defect.

incorporation of the septal leaflet. A, Detached septal
icuspid valve. AL, Anterior leaflet; PL, posterior leaflet;
nd anterior leaflets in a cone shape and the plicated
ith
he tr
rior a
saline.
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ratively. The foramen ovale is thus closed in a valved fashion,
sually with a single stitch (Figure 1, C and D), but the fossa ovale
ust be opened along its superior oblique margin if the atrial

eptum is found to be intact during the operation. An ostium
ecundum ASD, if present, is closed with a valved patch technique.

Additional surgical procedures were performed to repair the
ssociated heart anomalies: 1 ventricular septal defect closure, 1
itral valve repair, 3 enlargements of the right ventricular outflow

ract with a monocuspid bovine pericardial graft, and 9 cases of
urgical section of accessory conduction pathways.

chocardiography
he echocardiograms of all patients obtained preoperatively and at
ospital discharge were reviewed. The anteroposterior diameter of
he true tricuspid annulus, defined as the junction between the right
trium and the RV, was measured in a 4-chamber view. The TV
erformance was revised for stenosis, insufficiency, or both, with
he insufficiency grade classified as 1 to 4 according to the method
f Suzuki and coworkers.9

ollow-up Clinical Assessment
ll patients were followed over a period of 3 to 143 months (mean,
9 months). The recent clinical condition of all patients was
btained by means of outpatient evaluation or telephone interview.
he heart failure functional class, assessed by using the NYHA
cale, and important medical events were recorded.

tatistics
he numeric data are expressed as means and standard deviations.
tatistical analysis was performed with the Graphpad Prism soft-
are (version 4.0; Graphpad Software, Inc, San Diego, Calif).
reoperative and postoperative changes in functional class and
rades of tricuspid insufficiency were analyzed by using the Wil-
oxon signed-rank test, and the change in TV annulus size was
nalyzed by using the Student paired t test.

esults
he cardiopulmonary bypasss time varied from 45 to 180
inutes (mean, 104 � 33 minutes), and the aortic cross-

lamp time went from 25 to 115 minutes (mean, 70 � 21
inutes).
The single hospital death (2.5%) in this series oc-

urred as a result of biventricular hypoxic cardiomyopa-
hy. Although the TV repair was effective, low cardiac
utput was the cause of death on the fourth postoperative
ay.

The preoperative and early postoperative echocardiographic
esults, as well as the preoperative and recent functional class,
re shown in Table 2. There was a reduction in tricuspid
nnulus diameter postoperatively because of surgical plication,
hich did not result in definitive TV stenosis. The 2 patients
ho presented with early transvalvular peak gradients of 8.0

nd 11.7 mm Hg had these gradients decreased to 5.0 and 7.5
m Hg, respectively, on late echocardiographic studies. The
chocardiogram of patient 32 (Figure 3), a 4-year-old girl, v

18 The Journal of Thoracic and Cardiovascular Surgery ● Janu
jtcs.ctsnetjourDownloaded from 
esides indicating good positioning of the TV and restoration
f the normal right ventricular morphology, also shows some
rowth of the tricuspid annulus, the anteroposterior diameter of
hich went from 14.9 to 17.4 mm in 1 year.
There was 1 late death caused by TV bacterial endocar-

itis after dental infection. Reoperation was required in 2
atients (the first and twelfth patients) because of severe
ricuspid regurgitation: both underwent repeat valve repair
t the fourth and fifth postoperative years, respectively. The
rst patient is currently in excellent clinical condition, and

he other still has grade 3 TV regurgitation and moderate
ight ventricular dysfunction. One patient with severe
iventricular cardiomyopathy had a stroke in the sixth post-
perative year. He is presently in the seventh postoperative
ear, and despite taking anticoagulants and optimized med-
cal therapy for heart failure, he persists in functional class
V. The remaining patients are event free to date, and 1
atient even gave birth to a healthy baby after an uneventful
regnancy 2 years after the operation. There was neither
VR nor pacemaker implantation in any patient from this
eries.

Of the 9 patients with Wolff–Parkinson–White syndrome
ho had surgical division of the accessory AV conduction
athway, 8 were successful. The failed case (in the twelfth
atient) was submitted to repeat catheter ablation attempts
fterward. Eventually, the patient underwent reoperation
ecause she also had TV regurgitation.

iscussion
his technique was conceived while bearing in mind Car-
entier’s concepts6 of bringing the TV leaflets to the true
ricuspid annulus level and longitudinal plication of the
trialized RV as necessary to restore the right ventricular

ABLE 2. Early postoperative echocardiographic results
nd recent functional class of heart failure compared with
reoperative data

Preoperative Postoperative P value

ricuspid insufficiency, n �.0001
Grade 1 0 31
Grade 2 1 5
Grade 3 15 3
Grade 4 24 0

TA AP diameter, mm
mean)

34.3 � 6.5 15.1 � 3.7 �.0001

unctional class (NYHA), n �.0001
Class I 5 32
Class II 8 5
Class III 25 0
Class IV 2 1

YHA, New York Heart Association; TTA, true tricuspid annulus; AP,
nteroposterior.
olume and morphology in Ebstein’s anomaly repair. Nev-
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rtheless, it differs markedly in terms of surgical details, as
ell as the resulting TV geometry and function. Carpentier

nd colleagues6 detach the dislocated TV from the interior

f the RV, bring it to the normal level of the tricuspid b

The Journal of Thoracic
jtcs.ctsnetjoDownloaded from 
nnulus, and rotate it partially only to reach the septal
ricuspid region. Therefore reimplantation is to proceed in a
onocuspid format, thus generating an off-center diastolic

Figure 3. Echocardiographic aspects.
A, Preoperative echocardiogram show-
ing tricuspid valve leaflet downward
displacement and enlargement of
right-side chambers. B, Postoperative
echocardiograms (13 months) showing
the tricuspid valve in the correct level
and with the anteroposterior diameter
smaller than the mitral valve. C, Open-
ing and closing sequence of the re-
paired tricuspid valve. SYST, Systole;
RA, right atrium; RV, right ventricle; LA,
left atrium; LV, left ventricle; AL, ante-
rior leaflet; SL, septal leaflet; DIAST,
diastole; T, anteroposterior tricuspid
valve annulus diameter; M, anteropos-
terior mitral valve annulus diameter.
lood flow. In contrast, the cone reconstruction proceeds
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hrough a complete clockwise rotation of the lateral margin
f the TV megaleaflet while preserving its right ventricular
pex attachments. Furthermore, the entire circumference of
his cone base (which might or might not include a contri-
ution from the septal leaflet, depending on its state of
evelopment) is sutured to the normal level of the tricuspid
nnulus. Unlike with the method of Carpentier and col-
eagues,6 this includes the septal region, resulting in central
iastolic blood flow and restoration of the septal leaflet rule
n the TV closure mechanism. AV block, a complication
ot observed in this series of patients, is avoided by the use
f very superficial sutures near the AV node area.

Of note, this technique might reduce the tricuspid annu-
us to a smaller size than the mitral annulus, raising con-
erns about TV stenosis; however, to date, that problem has
ot existed. Although mild early TV stenosis occurred in 2
atients, it reversed on follow-up echocardiographic studies.
he inclusion of the septal leaflet to enlarge the newly

econstructed TV seems to add in the TV stenosis preven-
ion, particularly in adult patients. The rotation of cordless
osterior leaflet tissue to be fitted to the hypoplastic septal
eaflet, completing its proximal aspect, is a helpful maneu-
er to obtain a bigger TV.

As in the series of Quaegebeur and coworkers,7 we did
ot use an annuloplasty ring device. That seems to be
mportant in children because a permanent fixation of an
lready diminished tricuspid annulus could result in late
tenosis. Figure 3 shows an example of TV annulus growth
hile keeping a good coaptation of TV leaflets and, conse-
uently, no regurgitation. Additionally, systolic constriction
f the tricuspid annulus was seen at the same echocardio-
ram. This annular flexibility, which might contribute to the
alve opening and closing mechanism, was observed thanks
o echocardiographic markers from interrupted suture knots
laced at the true tricuspid annulus. The possibility of
ricuspid annulus growth and flexibility, good midterm clin-
cal outcomes, and few reoperations in this series of patients
tand against routine use of the tricuspid ring with this
rocedure but do not rule out its need in older patients,
specially in those with friable valvular tissues.

In operations described by Carpentier and colleagues6

nd Quaegebeur and associates,7 a monocuspid mechanism
f closure is the result, and their follow-up studies docu-
ented a substantial incidence of TV regurgitation.7,10 It is

oped that the full circumferential attachment to the TV
nnulus described in this procedure, providing a leaflet-to-
eaflet coaptation, will reduce that incidence of regurgita-
ion, but it has to be confirmed by late anatomic and func-
ional studies.

It is reassuring that no AV block occurred in any of the
atients. This coincides with the results of Wu and Huang’s
ecent series.11,12 They used fresh autologous pericardium

n 80% of their patients to reconstruct the septal portion of t

20 The Journal of Thoracic and Cardiovascular Surgery ● Janu
jtcs.ctsnetjourDownloaded from 
he TV, which they suture a little below the septal annulus
evel. As in this series, no occurrence of AV block was
bserved after suturing at the septal portion, although they
lso touched on the importance of placing superficial su-
ures in this area.

Ullmann and associates13 reported a technique using the
eptal tricuspid leaflet, which had its proximal edge mobi-
ized and sutured to the septal tricuspid annulus area. They
lso did not have any cases of heart block. It should be
mphasized, however, that their approach did not include
lication of the right ventricular atrialized portion or reduc-
ion of the tricuspid annulus, and as they themselves have
ointed out, that technique is limited to patients with more
avorable anatomy, with replacement of the TV being nec-
ssary in 5 of 29 patients. Besides being different, this
peration was not restricted to only patients with well-
eveloped septal leaflets, which represent a small portion of
he wide anatomic spectrum of Ebstein’s anomaly. Actually,
t was applied to all anatomic variations presented in 40
onsecutive patients with Ebstein’s anomaly. In 22 of them,
he septal leaflet was incorporated in the reconstructed
alve, and in 18 patients the septal leaflet was disregarded,
ut the idea of making a cone was kept in all patients.

In general, the surgical technique to approach the ASD in
bstein’s anomaly has not been a major concern to authors
erforming only routine closure. In this cohort a valved
nteratrial communication was always provided, allowing
nly right-to-left blood shunting when the atrial pressure
ecomes greater in the right side. This has proved useful in
he early postoperative course of 5 patients with important
ight ventricular dysfunction, who were nevertheless able to
aintain good systemic cardiac output, albeit with mild

xygen desaturation that got better once the RV improved.
hauvaud14 has already reported improvement in results
ith the use of a bidirectional cavopulmonary shunt used as

n adjunctive procedure to Carpentier’s operation in pa-
ients with severe right ventricular dysfunction. Lately,
hauvaud and colleagues15 have used that technique in 36%
f patients, with the goal of decreasing the right ventricular
reload in cases of severely depressed right ventricular
ontractility. With that procedure, they had a significant
eduction in mortality caused by right ventricular failure.
lternatively, in this series a unidirectional ASD was left,

iming to decompress the RV and to increase left ventric-
lar preload by means of temporary right-to-left shunting.
olume, inotropic drugs, and vasodilators were used to

mprove the right ventricular performance and consequently
ncrease the pulmonary perfusion. The cavopulmonary
hunt was a strategy reserved only as a next-step procedure
or cases of low right-sided cardiac output insufficient to
aintain reasonable systemic oxygen saturation, which did

ot happen in any patient. It is necessary to point out,

hough, that the 2 series might not be comparable because in
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his series the patients were younger and presented with
ower mean cardiothoracic ratios than in the series of Chau-
aud and colleagues.15

The Danielson operation, despite some technical mod-
fications, remains highly associated with the need for
VR. Kiziltan and coworkers4 reviewed their series of
23 patients with Ebstein’s anomaly, with TVR per-
ormed in 158 (48.9%) patients. In regard to long-term
esults, they found that the freedom from bioprosthesis
eplacement was 97.5% � 1.9% after 5 years and 80.6%

7.6% after 10 years. They also found no statistically
ignificant difference at 10 and 12 years in freedom from
eoperation after TVR compared with freedom from re-
peration after TV repair. These good results, according
o the authors, might be related to the large size of
ioprosthesis that can be implanted relative to patient
omatic size and to the normally low right ventricular
ystolic pressure in patients after Ebstein’s anomaly re-
air. However, these results are for a limited period and
o not rule out the ultimate need for tricuspid prosthesis
eplacement and therefore do not decrease the importance
f creating an efficient and durable TV repair operation.

The indications for surgical intervention in patients
ith Ebstein’s anomaly remain controversial in asymp-

omatic patients, although the natural history of the dis-
ase is a relentless progression to congestive heart fail-
re, arrhythmias, or both16,17 in the majority of patients
ot undergoing operations. Mortality for these late-stage
omplications is high.18,19 It seems also to be true that
urgical treatment at late stages has less chance of re-
ersing the ravages of the disease completely. That might
e the case in 1 early death and another late progression
o heart failure in this series. These events seem to be
elated to the state of the 2 patients who had left ventric-
lar myocardiopathy preoperatively rather than to the
urgical technique. This further reinforces the notion that
urgical intervention should come earlier, before deteri-
ration of right and left ventricular function.

In conclusion, this surgical technique that reconstructs
he TV in a cone shape, which results in a central flow
hrough the tricuspid orifice and a full coaptation of the
eaflets, can be performed with low mortality and morbidity.
arly echocardiography showed significant reduction in tri-
uspid insufficiency, and the follow-up showed clinical
mprovement in the majority of patients, low incidence of
eoperations, and no need for TVR. Further studies and
onger follow-up are required to evaluate the behavior of the
V and RV after this procedure.
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iscussion
r Jan M. Quaegebeur (New York, NY). Dr da Silva, I would like

o congratulate you on the presentation of an ingenious technique.
t is interesting to note that although Ebstein’s anomaly is a very
are condition, there have been 3 presentations dedicated to this
nomaly in this meeting. Therefore the quest for a better repair of
bstein’s anomaly continues. You have described your experience
ver 10 to 12 years with an innovative technique, which tries to
mprove TV function by realizing a complete coaptation between
alvular tissue in comparison or in contrast with the previous
epairs by all of us that relied on a monocuspid or bicuspid valve
here the coaptation is between the valve leaflets, namely the

nterior and posterior leaflets, and the ventricular septum. Forty
atients were presented with a low early mortality rate and only 1

ate death, which are very good results.
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I am not entirely clear about the age of your patients. You said
hat the mean age was 16.8 years, but I would like it if you could
nswer briefly how many patients were less than 10 years of age,
or instance.

Dr da Silva. Well, the youngest in this series was 22 months
ld, and the oldest, I think, was 49 years old. Afterward, we had
ore patients, and among them there was a 3-month-old girl who

nderwent repair with this technique.
I will say that we have 16 patients younger than 13 years.

herefore 24 patients were older than that age. But I think it is
etter to use this technique in younger patients, especially those
ess than 18 years of age.

Dr Quaegebeur. You have provided me with the article and
eautiful illustrations, I must say. It happens that last week I had
patient on the schedule with Ebstein’s anomaly, and therefore I

aid, well, we will see how we can maybe improve the technique
ecause, theoretically, it would be better to have coaptation be-
ween leaflet tissue than with leaflet tissue and septal tissue.
nvariably, in our experience the residual tricuspid incompetence is
t the level at which you have absent leaflet tissue. Therefore the
oncept, I think, is very sound.

This patient had muscularization of the posterior leaflets, which
appens quite often. There was absolutely no leaflet tissue at the
evel of the septum. You have described the attachment of the
nterior leaflet at the level of the anteroseptal commissure like a bit
f fibrous continuity before it reaches the papillary muscle of the
nterior leaflet. This patient did not have such an attachment. In
y experience, I could not perform this technique.

There is a great variability in the morphology of the valve in
bstein’s malformation. My question is this: Are you always able

o perform this technique, or are there patients in whom you do
omething different?

Dr da Silva. Well, in the type D of Carpentier’s classification,
think we have to go to valve replacement. I also think that in
lder patients, if you have difficulty finding tissue enough to
onstruct a good tricuspid valve, it is good to indicate valve
eplacement or the Carpentier or other repair technique if possible.
ut in my experience, all cases were done with this technique. If
ou push to it, you can do a lot of maneuvers that can compensate
or having little tissue. One of them is to take down the posterior
eaflet from its attachment without support and then get the support
or that leaflet at the septal tissues. You can have some residual,
alformed septal leaflet that can be useful as a subvalvular support

or the posterior leaflet. And with that I think you can reconstruct
he cone the way I did many times. Actually, I have movies on
hose patients, in many situations, that can be handed to people if
hey want; they show many variations of the technique. Anyway,
agree that in complex situations sometimes it might be better to

eplace the valve.
Dr Quaegebeur. The next question is with regard to your

chocardiographic evaluation. The distance between the postero-
eptal commissure and the anteroseptal commissure in patients
ith Ebstein’s anomaly is sometimes quite large. Now the reduc-

ion of the tricuspid annulus is mainly done in the part where you
ave a very thin atrialized portion of the right ventricle. The area
f the septum is very difficult to plicate. Therefore if you have to
ring the posterior leaflet back to the anteroseptal commissure, you

eally have to reduce the annulus posteriorly quite significantly. t
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The question is this: Do you have any data about the tricuspid
nnulus postoperatively compared with during the normal disease
ourse in terms of the possibility of creating an atrial cuspid
nnulus that is too small?

Dr da Silva. Well, we have done echocardiography on the
ospital discharge day, usually on the 10th postoperative day, and
e have measurement of that annulus. Actually, there is a reduc-

ion of its anteroposterior diameter of about 50%, compared with
he preoperative diameter.

Now regarding the z score, we do not have those data, but we
ave compared with the mitral annulus.

Right now, we are in the process of re-evaluating these patients.
f you take the first girl on whom we operated, she required
eoperation. But now, 13 years from the operation, her tricuspid
nnulus is already greater than the mitral valve.

We had 2 cases in which we had gradient across the TV that
as concerning to me, but then with time the annulus had grown,

nd that gradient went away.
Importantly, we did not have any case of permanent tricuspid

tenosis. But I think that is a good idea. We have all the cases being
tudied, and we still can compare with the normal z score for sure.

Dr Quaegebeur. Finally, you have a few patients in whom you
ave had to reintervene because of failure. Do you know the mode
f failure? What happened to these reconstructions?

Dr da Silva. Thank you for yours remarks and questions.
egarding the reoperations, the first girl of this series had dehis-
ence in the septal area of the valve. Another patient who had
olff-Parkinson-White syndrome came back with a tear in the

alve. We usually try to cut the abnormal accessory pathway
urgically, but in that case we could not accomplish that, and the
atient underwent many sessions of catheterization, trying to do
atheter ablation of that abnormal conduction pathway.

Recently, a month ago, we had to reoperate on another patient;
he first operation was done 20 years ago, when he was 7 years old.
gain, there was a dehiscence at the level of the septum. Therefore
ecause of that concern, we are now placing at least 8 stay sutures
hat are interrupted. Then we run around the annulus, reinforcing
t with a medium-term absorbable suture. We are concerned about
hose types of dehiscence, which are very possible.

Dr Joseph A. Dearani (Rochester, Minn). I think Dr Quaegebeur
ointed out a number of important points, and the most important one
s that every patient with Ebstein’s anomaly is different. We have seen
any patients with Ebstein’s anomaly over the years, and I have

earned a lot from all of the techniques that have been described. I
hink the lesson and the message for surgeons who see patients with
bstein’s anomaly is to remember the value of these various repair

echniques and then incorporate aspects of different repairs when you
re confronted with a particular situation.

I have learned from my practice over the years that a severely
ilated right ventricle on the other side of a tricuspid repair can
ompromise the integrity and durability of that repair over time.
here have been situations where the postbypass transesophageal
chocardiogram looks very good in the operating room, and then
or 7 days later, the dismissal echocardiogram shows a greater

egree of tricuspid regurgitation. You are then confronted with the
ituation of deciding whether to accept it and know that they are
oing to be back sooner than you would like or whether you return

o the operating room to revise the repair or replace the valve. An
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mportant adjunct to the operation that I have started to do was
ntroduced by Dr Sano. This involves resecting a portion of the RV
o reduce its size. I now resect the inferior wall of the RV between
he acute margin and the posterior descending coronary artery and
The Journal of Thoracic
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nary artery compromise is eliminated or minimized. I think
nything to reduce the size of the large atrialized RV on the other
ide of the tricuspid repair will help in the long term. I congratulate
ou and the authors and look forward to the opportunity to apply
CH
D

arallel to the right coronary arterial branches, and therefore cor- some of your techniques.
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