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Ebstein’s Anomaly. Results of the Conic Reconstruction of the
Tricuspid Valve
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Objective- Toassesstheresultsof atechnical modifi-
cation of tricuspid valvuloplasty in Ebstein’sanomaly.

Methods- From November 1993 to August 2002, 21
patients with Ebstein’s anomaly of the tricuspid valve,
with ages ranging from 20 monthsto 37 years (mean, 23
years), underwent a new technique of tricuspid valvul o-
plasty. Thistechnique consisted of total or almost total de-
tachment of the anterior tricuspid megal eaflet fromthe
ventricular wall and valvular ring, transformingitinto a
cone, whose vertex remained fixed in theright ventricular
tip, and thebasewas sutured to thetricuspidring, after its
plication, adjusting it to the size of the base of the cone (tri-
cuspid ring), including the septal region.

Results - One (4.7%) patient with cardiomyopathy
caused by chronic hypoxia died in the hospital dueto low
cardiacoutput. Themean follow-up lasted 4 years, and the
recent echocar diograms showed good mor phol ogy of the
right ventricle and tricuspid valve with mild or minimal
insufficiency in 18 patientsand moderateinsufficiency in
2 patients. In 2 of the 3 patients with an anomal ous bun-
dle, it could belocated and sectioned during surgery. No
atrioventricular block occurred.

Conclusion - Thetechnique used wasefficientinre-
pairing tricuspid insufficiency and restoring right ventri-
cular morphology, being applicableto all anatomic types
of Ebstein’'sanomaly, except for Carpentier classification
typeD.
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Ebstein’ sanomaly of thetricuspid valveisarare con-
genital heart disease, treated with varioussurgical techni-
gues since 19582, Until the 1970s, valvular replacement
wasthetreatment of choice, despiteitsassociation with se-
verecomplications, suchasarrhythmias, thrombosis, pros-
thetic dysfunction, inadditiontoahigh mortality rate=.

The Danielson method “was the most used tricuspid
valvuloplasty procedurefor correcting Ebstein’ sanomaly
in the 1980s. However, asthat surgery does not provide
good geometry for theright ventricleandisnot applicableto
alargenumber of patients, tricuspid va vereplacement with
aprosthesisisrequiredin 35.6% of thecases.

Carpentier et a ®classified thevariousanatomical pre-
sentations of the disease and proposed a new technique,
which consists of the reconstruction of theright ventricle
form and repositioning of thetricuspid valveat thenormal
level withtheroutineuseof aprosthetic ring. Thissurgery
was carefully described and reported onin 1988°. Quage-
beur et al ®used asimilar surgery, but without the prosthetic
ring, inayounger population.

Since 1989, we have been using asurgical technique
consisting of total or almost total detachment of theanterior
tricuspid megal eaflet fromtheventricular wall andvalvular
ring, transformingitinto acone, whosevertex remainedfixed
intheright ventricular tip and thebasewas sutured to thetri-
cuspid ring, after itsplication, adjusting it to the size of the
base of the cone(tricuspid ring), including the septal region.
Thisstudy aimed at analyzing thelateresults of thistechni-
que, whoseprincipleissimilar tothat of the Carpentier techni-
que, but with reconstruction of the septal portion of thetri-
cuspidvalve, not requiring theuse of aprostheticring.

Methods

From November 1993to August 2001, 21 patientswith
Ebstein’ sanomaly of thetricuspid valvewere operated on at
our institution by using thetechniquedescribed below. The
agesranged from 20 monthsto 37 years(mean of 23 years),
and 10 (48%) patientsweremen.
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Theclinical presentationswereasfollows. dyspneain
17 (80%) patients, cyanosisin 15 (71 %), arrhythmiain 6
(28%), and low cardiac output syndromein 3 (14%). Inre-
gard to associated diseases, 8 (21%) patients had patent
oval foramen, 9 (42%) had interatrial septal defect, and 3
(14%) had anomd ousatrioventricular bundle[Wolf-Parkin-
son-White syndrome (WPW)]. Pulmonary stenosis was
observedinl(4.7%) patient, significant mitral insufficiency
in1, andinterventricular septal defect inanother patient.

The preoperative echocardiographies showed signifi-
canttricuspidinsufficiency in 12 (57.8%) patientsand mode-
rateinsufficiency in9(42.7%).

Surgical technique- After installing extracorpored cir-
culaionwithbicava cannulation, andinfusing blood cardio-
plegiafor myocardial protection, anobliqueright atriotomy
wasperformed (fig. 1). Theanterior tricuspid megal eeflet was
totally or partially detached fromtheventricular wall andval-
vular ring, itsfreemargin being rotated clockwise, trangor-
mingitintoaconewhosevertex remainedfixedinthetipof the
right ventricleby the chordaetendineaeand papillary mus-
cles. Thebase(tricuspidleaflets) wasthen sutured inthetri-
cuspidring initstrueposition, in thethreshold between the
right atriumandtheatrializedright ventricle, after plication of
thering, which had its diameter adjusted to the size of the
base of the cone(tricuspidring). Thistechniquea sorecons:
tructsthesepta portion of thetricuspidvalve, inwhichaddi-
cateand superficia sutureisusedintheproximity of theatrio-
ventricular conduction system. In 5 patients, somefenestra:
tionswere created in the | esflet to facilitate the entrance of
bloodintotheright ventricle. In2 cases, misplaced papillary
muscles needed to be transferred to the proximities of the
right ventricular apex. No prostheticringwasusedfor thetri-
cuspidvalveinthisseriesof patients.

A valvedinteratrial communicationwasleft, allowing
the passage of blood from right to left. Thiswas obtained
withthepartia closureof theova foramenandtheinteratrial
septal defect with appropriate techniques and the oblique
openinginthesuperior margin of thefossaovalisintheca
sesof intact interatrial septum. Thefollowing surgical pro-
cedureswere associated with tricuspid valvul oplasty: sec-
tion of theanomal ousbundlein 2 pati ents; ventricul osepto-
plasty in 1 patient; and enlargement of theright ventricular
outflow tract with avalved graft (monocuspid) of bovine
pericardium and mitral valvul oplasty in another.

Results

One(4.7%) patient with biventricul ar cardiomyopathy
caused by chronic hypoxiadied during hospitalization. Al-
though thetricuspid valvul oplasty waseffective, thebiven-
tricular insufficiency withlow cardiac output led to multi-
system organ failure, culminating in death on the fourth
postoperative day.

Thefirst patient in thisseriesunderwent surgery at the
ageof 11 yearsand required reoperation 4 yearslater, when
anew valvuloplasty wasperformed. Currently, thepatientis
inexcellent clinical condition, with age-appropriate height
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Fig. 1- Surgical features of tricuspid vavuloplasty in Ebstein’ sanomaly. A) Anato-
mic features of the anomal ousinsertion of the posterior and septal |eaflets of thetri-
cuspid valve; B) Tricuspid valve partialy detached from the ventricular wall, clock-
wiserotated, forming acone.

CS- coronary sinus; TR - tricuspid ring; OF - oval foramen; ATL - anomaloustricus-
pidleaflet; SL - sutureline.

and weight development. Another patient devel oped seve-
rebiventricular cardiomyopathy after 7 years. Theother pa
tients evolved with no intercurrent events and remained
asymptomatic.



Arq Bras Cardiol
2004; 82: 217-20.

f

- —

Fig. 1 - Surgical features of tricuspid valvuloplasty in Ebstein’sanomaly. C) Plica-
tion of thetruetricuspid ring; D) Tricuspid valve sutured in thetruering, correcting
theinsufficiency.

CS- coronary sinus; PTR- plication of the tricuspid ring.

One patient gave birth to ahealthy baby after an une-
ventful pregnancy 2 yearsafter surgery.

Two patientswith WPW inthe preoperative period had
successful sectioning of the anomalous bundle, while, ina
third patient, thebundlecould not belocated during surgery.
Noatrioventricular block wasobservedinthepatients.

The recent echocardiograms showed agood surgical
resultinall patients, withagood morphol ogy of thetricuspid
valveandright ventricle, and minimumor mildtricuspidin-
sufficiency (fig. 2) after amean follow-up of 4 years. One
(4.7%) patient had moderate tricuspid insufficiency onthe
postoperative echocardiography, with noclinical symptoms.

Discussion

Thesurgical indicationsin Ebstein’ sanomaly arewell
definedfor thefollowing patients: 1) symptomatic,inNY HA
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Fig. 2- A) Preoperative echocardiogram showing the anomalousinsertion of the tri-
cuspid valve leaflet. B) Postoperative echocardiogram of the same patient, showing
the good position of the tricuspid valve at the same level asthat of the mitral valve.
RA -rightatrium; LA - left atrium; RV -right ventricle; LV - left ventricle; TV - tricus-
pidvalve; SL - septal leaflet.

functiona classll or 1V; 2) infunctiona classl or I, withcar-
diomegaly and acardiothoracicindex of 0.65 or gregter; 3)
significant cyanosisand polycythemia; 4) presenceof para-
doxica embolism; 5) presenceof uncontrollabletachycardia
and accessory AV bundle.

Inthenatural history of thedisease, asignificantincrea:
seinmortality isobserved in adulthood due to the devel op-
ment of congestive heart failureor arrhythmias™. Thesud-
den death caused by arrhythmias not related to WPW oc-
cursin60% (CL 43%-77%) of thepatientswith Ebstein’ sano-
maly who die dueto cardiac causes®°. Sudden degth corre-
lates more with cardiomegaly than with functional class
(NYHA)®. Paradoxical embolismor cerebral abscessisanim-
portant cause of death, mainly in patients>50years™.

The nonoperated on asymptomatic patients, when

219



Silva et al

Ebstein’s anomaly. Results of the conic reconstruction of the tricuspid valve

compared with healthy people, havealimited tolerancefor
exercise and areduction in the capacity to work *2, being,
therefore, indicated for serial exerciseteststo objectively
definetheir physical limitationsand their long-term evolu-
tion. The development of simpler techniques of valvulo-
plasty, withlower surgical risks, remodeling of theright ven-
tricle, and lower index of vavular replacement may broaden
thesurgical indicationfor thisgroup of patients.

Anatomical and echocardiographic studies, aswell as
surgica experience, suggest that theright ventricle(itsform,
compliance, and contractility) may beafactor asimportant as
tricuspid dysfunctionin the pathophysiology of thisdisease.
Themain objectiveof thesurgery proposed by Carpentier et
al Swastorestoreright ventricular volumeandform.

The technique here described uses the innovative
principle of Carpentier et al, which consists of detaching
thedislocated tricuspid valvefrom theinterior of theright
ventricle, bringingittothenormal level of thetricuspidring,
ie, leavingtheatrialized portion of theright ventricleinthe
subvalvular position. However, thetechnique used in this
study isdifferent in regard to the clockwiserotation of the
lateral margin of thetricuspid valvemegal esflet, forminga
cone, andignoring the septal |eaflet whenitisanomalous.
The suture of the base of thisconeisperformed at the nor-
mal level of thetricuspid ring, including itsseptal portion,
where the suture line hasto be very superficial, avoiding
atrioventricular block, acomplication not observedinthis
series of patients. Another differenceisthe non use of the
prosthetictricuspid ring in any of the cases, while Carpen-
tier recommended itsusein most cases®. Quaegebeur et al
reported atechniquesimilar tothat of Carpentier, whichwas
used in younger patients, with no prosthetic ring, but also
without covering the septal portion of thetricuspidring.

Our technique assures the reconstruction of thetri-
cuspid valveinits septal portion, avoiding significant re-
gurgitationintheshort- andlong-term. Theseresultswere
demonstratedin the postoperative echocardiograms(fig.2),
which evidenced good positioning of thetricuspid valve
and restoration of thenormal ventricular morphol ogy.
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No atrioventricular block occurred in any patient,
which coincideswith the experience of Wu and Huang %3,
who, inamorerecent series, used fresh autol ogous pericar-
diumin some patientsto reconstruct the septal portion of
thetricuspid valve, suturingitinthe septal part of thering.
Similarly to our caseseries, no caseof atrioventricular block
wasobserved after manipulation of the septal portion. Ho-
wever, thissutureshould bevery superficia . Duetothetotal
coverage of theareaof thetricuspid orifice and to restora-
tion of thetricuspid ringtoitsnormal positionandsize, the
valve became competent, with mild insufficiency in 6 pa-
tients, al beinginfunctional classl.

None of the authors showed concernin regard to the
interatrial septal defect, performingitsroutineclosure. In
our caseseries, weawaysleft avavedinteratria communi-
cation, allowingflow only fromright toleft when theright
atrial pressureincreased. Thiswasuseful inthe postopera-
tive period of 3 patients, who had significant right ventricu-
lar dysfunction, but maintained good cardiac output dueto
mild oxygen desaturation.

Theresultsobtained with thistechniquein thisgroup
of patients, from theanatomic and functional pointsof view,
areencouraging. Theearly deathin our seriesdoesnot rela-
tetothesurgical technique, but to the preoperative state of
the patient, which indicates that surgical intervention
should have been taken earlier before deterioration of right
andleft ventricular function.

Inconclusion, thetechniquereportedisefficient for cor-
recting tricuspidinsufficiency and restoring right ventricular
mor phology, being applicableto all anatomic types of Ebs-
tein’ sanomaly, except for Carpentier classificationtypeD.

Thistechnique, which doesnot requiretheuseof pros-
thesis, may extend the surgical indication to asymptomatic
or oligosymptomatic patientsto prevent the appearance of
latecomplications, such asarrhythmiaand ventricular dys-
function.

Further studieswithlarger case seriesarerequiredto
determine the probabl e advantages of thistechnique as
compared withthat of Carpentier.
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