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 Ebstein’s anomaly is a rare congenital malformation of the right ventricle and tricuspid 
valve which is characterized by several features that can exhibit an infinite spectrum 
of malformation. 
 The abnormalities include: i) adherence of the tricuspid leaflets to the underlying 
myocardium (failure of delamination); ii) anterior and apical rotational displacement 
of the functional tricuspid annulus (septal > posterior > anterior leaflet); iii) dilatation 
of the right atrioventricular junction (the true tricuspid annulus) with variable degrees 
of hypertrophy and thinning of the wall; iv) dilatation of the “atrialized” portion of the 
right ventricle; and v) redundancy, fenestration, and tethering of the anterior leaflet. 
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            Introduction 
 Ebstein’s anomaly is a rare congenital malformation of the 
right ventricle and tricuspid valve which is characterized 
by several features that can exhibit an infinite spectrum of 
malformation.   1-4

 The abnormalities include: i) adherence of the tricuspid 
leaflets to the underlying myocardium (failure of delamina-
tion); ii) anterior and apical rotational displacement of the 
functional tricuspid annulus (septal > posterior > anterior 
leaflet); iii) dilatation of the right atrioventricular junction 
(the true tricuspid annulus) with variable degrees of hyper-
trophy and thinning of the wall; iv) dilatation of the “atri-
alized” portion of the right ventricle; and v) redundancy, 
fenestration, and tethering of the anterior leaflet. 

 This results in a downward displacement of the hinge 
point of the posterior and septal leaflets in a spiral fashion 
below the true annulus. With increasing degrees of anatom-
ical severity of malformation, the fibrous transformation of 
leaflets from their muscular precursors remains incomplete, 
with the septal leaflet being the most severely involved and 
the anterior leaflet being the least severely involved.  1-4   

 In the natural history, a significant increase in mortality is 
observed in adulthood due to the development of congestive 
heart failure or arrhythmias.   5-7   The sudden death caused by 
arrhythmias not related to Wolff–Parkinson–White (WPW) 
syndrome occurs in 60% of patients who die due to cardiac 
causes and correlates more with cardiomegaly.   8,9

 Indications for operation have included symptomatic 
patients in New York Heart Association functional class III, IV, 
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progressive deterioration of exercise capacity, congestive car-
diac failure, cyanosis (systemic arterial oxygen saturation < 
90%), paradoxical embolism in functional classes I and II with 
progressive cardiomegaly on chest X-ray (cardiothoracic 
ratio > 0.6), progressive right ventricular enlargement on 
echocardiography and onset or progression of uncontrollable 
right ventricular arrhythmias and accessory atrioventricular 
bundle.1,5-10

Medical therapy has been recommended for asymptomatic 
patients with low normal exercise tolerance, no right-to-left 
shunting, and only mild cardiomegaly. Relative contraindica-
tions to tricuspid valve repair include older age (> 50 years), 
moderate pulmonary hypertension, poor left ventricular 
ejection fraction (≤30%), complete failure of delamination of 
the septal and inferior leaflets with poor delamination of the 
anterior leaflet (i.e., < 50% delamination of the anterior leaf-
let), cardiothoracic ratio > 0.8 with massive right ventricular 
enlargement, and severe dilatation of the right atrioventricu-
lar junction (true tricuspid annulus).1,5-10

Numerous techniques of repair have been described 
since the first report of Hunter and Lillehei.11 The Danielson 
method originally described in 1992 is the oldest tricus-
pid valvuloplasty procedure.10 No two hearts with Ebstein’s 
anomaly have exactly the same anatomy. Anatomical and 
echocardiographic study as well as surgical experience sug-
gest that the right ventricle and its shape, compliance and 
contractility may be as important as tricuspid valve dysfunc-
tion in the pathophysiology of the disease.

In 1988, Carpentier and associates classified the vari-
ous anatomical variations of the disease and developed an 
innovative technique of reconstruction. It consists of recon-
struction of the right ventricle form and repositioning of the 
tricuspid valve at the normal level with the routine use of a 
prosthetic ring.11

Quagebeur and associates used a similar surgery, but 
without the prosthetic ring, in a younger population.12 In 
1989, deSilva and associates developed a surgical technique 
of conical reconstruction of the tricuspid valve.13 It consists of 
total or almost total detachment of the large anterior tricus-
pid leaflet from the ventricular wall and valvular ring, trans-
forming into a cone, whose vertex remained fixed in the right 
ventricular tip and the base was sutured to the tricuspid 
valve ring. The suture of the base of this cone is performed at 
the normal level of the tricuspid ring including its septal por-
tion, where the suture line needs to be superficial, avoiding 
atrioventricular block without using any prosthetic ring.12-15

When the tricuspid valve cannot be reconstructed, a pros-
thetic valve (preferably bioprosthetic than mechanical) with 
total chordal preservation is the procedure of choice. The 
suture line for the prosthetic valve is delineated cephalad to 
the atrioventricular node, bundle of His and membranous 
septum. The atrioventricular node is typically marked by a 
small vein crossing the tricuspid annulus lateral to the mem-
branous septum. In order to avoid injury to the right coronary 
artery, the suture line is deviated cephalad to the tricuspid 
annulus posterolaterally when the tissues are very thin. The 
coronary sinus can be left to drain into the right atrium if 
there is sufficient room between it and the atrioventricular 

node; if this is short, the coronary sinus may he left to drain 
into the right ventricle.1,16

The bioprostheses should be oriented, so that the pros-
thetic struts straddle the area of the membranous septum 
and conduction tissue. The tricuspid valve replacement is 
preferably performed on a beating perfused heart in order to 
detect any conduction abnormalities.1,16 In patients with dys-
functional right ventricle and those patients with Ebstein’s 
anomaly undergoing aggressive tricuspid valve annuloplasty 
may be suitable candidates for an elective one and one-half 
ventricular circulation.2,15,17-25

In the Mayo Clinic experience on 323 patients with Ebstein’s 
anomaly undergoing surgical correction, tricuspid valvular 
reconstruction was possible in 42.7% cases; a prosthetic valve, 
usually bioprosthesis, was implanted in 54.8% and a mod-
ified Fontan procedure was performed in 2.5% of cases.1,16 
The incidence of hospital and late mortalities were 6.5% and 
7.6%, respectively. Between 1.5 and 17.7 years (mean 9.4),  
16.7% (n = 23) of 138 patients required redo valve repair.1,16

In 1998, Kiziltan and associates reported the late results 
of tricuspid valve replacement in 158 patients with Ebstein’s 
anomaly undergoing bioprosthesis implantation.26 The free-
dom from bioprosthetic re-replacement was 97.5% ± 1.9% 
after 5 years and 80.6% ± 7.6% after 10 and 15 years. The 
freedom from reoperation after tricuspid valve repair and 
replacement are similar (81.9% vs. 83.1%).26 Published lit-
erature documents greater durability of bioprostheses in 
tricuspid valve replacement in both pediatric and adult pop-
ulations as compared with bioprosthetic implant in other 
cardiac positions. Accommodation of a large size bioprosthe-
sis and low right ventricular systolic pressure would tend to 
reduce turbulence and stress on the bioprosthesis, resulting 
in longer freedom from degeneration.27,28

We report herein a 7-year-old male child diagnosed to 
have congenital heart disease with type D Ebstein’s malfor-
mation in New York Heart Association class III who under-
went tricuspid valve replacement using a 29 mm St. Jude Epic 
bioprosthesis, patch closure of the atrial septal defect with 
a concomitant pulsatile bidirectional Glenn. Postoperative 
recovery was uneventful.

Surgical Techniques
Following median sternotomy, the thymus was subtotally 
excised, taking care not to injure the brachiocephalic vein. 
The pericardium was opened using scissors and not cautery 
to avoid inadvertent cautery-induced ventricular fibrillation.

Note the grossly dilated right atrium and the atrialized 
right ventricle. The operation is performed with moder-
ately hypothermic cardiopulmonary bypass at 28°C, angled 
venous cannula into the superior vena cava, and a straight 
cannula into inferior vena cava with distal aortic cannulation. 
Antegrade cold hyperkalemic St. Thomas based (1:4) blood 
cardioplegia and topical cooling with iced saline is used for 
myocardial protection.

The right atrium was incised from the atrial appendage to 
the inferior vena cava 1 cm away from the right atrioventric-
ular groove.
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Note two papillary muscles arising from the free wall of 
the right ventricle with short chordal attachments to the 
leading edge of the anterior leaflet. The anterior leaflet is 
large and of sail-like configuration.

The septal leaflet is diminutive. The posterior leaflet is not 
well-formed, adherent to the underlying endocardium, and 
is displaced down from the annulus. A small patent foramen 
ovale is present.

The atrial septal defect was closed using a Dacron polyes-
ter patch (Bard Savage filamentous knitted polyester fabric, 
Bard Peripheral Vascular Inc., Tempe, AZ, USA).

Due to severity of tricuspid valve pathology, the tricus-
pid valve was deemed irreparable and elective tricuspid 
valve replacement was planned. The aortic cross-clamp was 
released, thus restoring myocardial perfusion.

A 29 mm St. Jude Epic bioprosthesis (St. Jude Medical; St. 
Paul, MN, USA) was implanted in the tricuspid position using 
interrupted 2-0 pledgeted tricron mattress sutures (M/s 
Covidien Domingo, Dominican Republic, USA).

The coronary sinus was left to drain within the right 
atrium. The valve leaflets were checked for competence 
insufflating normal saline within the right ventricular cavity. 
The tricuspid chordal mechanism was totally preserved.

The right atrium was closed in two layers of 5-0  
polypropylene sutures (Johnson and Johnson Ltd., Ethicon, 
LLC, San Lorenzo, USA). The patients were weaned off cardio-
pulmonary bypass with stable hemodynamics on dopamine 
5 µg/kg/min, dobutamine 5 µg/kg/min, and nitroglycerine  
0.1 µg/kg/min (Video 1).

Results
Postoperative recovery was uneventful. Postoperative echo-
cardiography demonstrated normal biventricular function 
with normally functioning prosthetic tricuspid valve and 
normal leaflet coaptation without tricuspid regurgitation.

At 3 months follow-up, the patient was asymptomatic in 
New York Heart Association functional class I without any 
antifailure medication.

Conclusions
We conclude that for severe, irreparable form of Ebstein’s mal-
formation, tricuspid valvular reconstruction may not be feasi-
ble. Tricuspid valve replacement with total chordal preservation 
and concomitant closure of atrial septal defect eliminates intra-
cardiac right-to-left shunting with its attendant risks, reduces 
supraventricular arrhythmias, and improves exercise tolerance 
and functional class. For severe forms of Ebstein’s anomaly, con-
version to a one- and one-half ventricular circulation allows a 
hypoplastic/dysfunctional right ventricle to adequately handle 
the reduced preload. Total chordal preservation of the right 
ventricle preserves right ventricular function.
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