
Ebstein’s Anomaly

Operative ModificationsOperative Modifications
for Ebstein Anomalyfor Ebstein Anomaly

Han K ParkHan K Park
Department of Cardiovascular Surgery
Yonsei University College of MedicineYonsei University College of Medicine



Ebstein’s Anomaly

Wilhelm EbsteinWilhelm Ebstein



Ebstein’s Anomaly

Ebstein’s AnomalyEbstein s Anomaly



Ebstein’s Anomaly

Characteristics of Ebstein’s AnomalyCharacteristics of Ebstein s Anomaly

Adh f th t l d t i l fl t t th• Adherence of the septal and posterior leaflets to the 
underlying myocardium (failure of delamination)

• Downward displacement of the functional annulus• Downward displacement of the functional annulus 
(septal>posterior>anterior)

• Dilatation of the “atrialized portion of the RV with• Dilatation of the atrialized portion of the RV, with 
various degrees of hypertrophy and thinning of the 
wall

• Redundancy, fenestration, and tethering of the 
anterior leaflet

• Dilatation of the right atrioventricular junction (true 
tricuspid annulus)
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Pathologic AnatomyPathologic Anatomy

Carpentier’s Anatomic type of Ebstein’s Anomaly



Ebstein’s Anomaly

Surgical RepairSurgical Repair

Barnard and Schrire

Surgical correction of Ebstein’s 
lf ti ith th ti lmalformation with prosthetic valve

Surgery 1963;54:302g y ;
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Kay Annuloplasty with RingKay Annuloplasty with Ring
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De Vega AnnuloplastyDe Vega Annuloplasty
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Carpentier Ring AnnuloplastyCarpentier Ring Annuloplasty



Ebstein’s Anomaly

Operative ManagementOperative Management

1 EP mapping fo lo ali ation of a esso ond tion path a s1. EP mapping for localization of accessory conduction pathways 
in patients with ventricular pre-excitation

2. Closure of any atrial septal communications2. Closure of any atrial septal communications

3. Correction of previously placed shunts and any associated 
anomalies such as VSD, PS, and PDA

4. Performance of any indicated anti-arrhythmia procedures such 
as surgical division of accessory conduction pathways, 
cryoablation of AVNRT or right-side maze procedurecryoablation of AVNRT, or right side maze procedure

5. Consideration of plication of the atrialized RV

6 Reconstruction of TV when feasible or valve replacement6. Reconstruction of TV when feasible, or valve replacement

7. Right reduction atrioplasty
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Lellehei CW, Kalke BR, Carlson RG

Evolution of corrective surgery for Ebstein’s g y
anomaly

Circulation 1967;35:111

Hardy KL, Roe BB

Ebstein’s anomaly: Further experiencewith 
definiteive repairdefiniteive repair

J Throac Cardiovasc Surg 1969;58:553
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Danielson Repair of Ebstein’s AnomalyDanielson Repair of Ebstein s Anomaly
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Danielson RepairDanielson Repair

1972 2005• 1972 ~ 2005
• 540 consecutive patients (at Mayo Clinic)
• Age: median 20 yr (2 mo ~ 79 yr)
• TV reconstruction 34.4%
• TV replacement: 65.6%
• Early death: 5.4%y
• Late death: 7.6% follow up 7.1 (~25) yrs
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A new reconstructive operation for Ebstein’s p
anomaly of the tricuspid valve

Carpentier et al.
J Thorac Cardiovas Surg 1988;96:92

• Temporary detachment of anterior leaflet

• Longitudinal plication of the atrialized RVLongitudinal plication of the atrialized RV

• Reposition of the anterior and posterior leaflet to 
cover the orifice area at the normal levelcover the orifice area at the normal level

• Remodeling and reinforcement of the tricuspid 
annulus with a prosthetic ringannulus with a prosthetic ring
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Carpentier RepairCarpentier Repair
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Carpentier’s RepairCarpentier s Repair
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Carpentier’s Sliding TV AnnuloplstyCarpentier s Sliding TV Annuloplsty
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Carpentier’s RepairCarpentier s Repair

Sliding TV Annuloplasty with C-ringSliding TV Annuloplasty with C ring
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Carpentier RepairCarpentier Repair
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Ebstein’s anomaly: repair based on functional y p
analysis

Carpentier et al.
Eur J Cardiothorac Surg 2003;23:525

P d RV• Preserved RV geometry
• Late problems due to devitalized tricuspid 

valve tissue related to reattachment?
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A new reconstructive operation for Ebstein’s anomaly ofA new reconstructive operation for Ebstein s anomaly of 
the tricuspid valve

Carpentier et al.
J Thorac Cardiovas Surg 2003;23:525

1980 2002• 1980 ~2002
• 191 patients (Age: 24.7 ± 15 years)

l l 9% ( 8 )• Early mortality: 9% (18 pts)
• Survival at 20 years: 82 ± 5%
• Reoperation at 20 years: 88.6 ± 3.5%
• Reoperation 2.6 yrs later due to TR (14), TS (2)
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A difi d i t h i f t i id i tA modified repair technique for tricuspid incompetence 
in Ebstein’s anomaly

Hetezer et alHetezer et al
J Throac Cardiovasc Surg 1998;115:857

• Principle
Reconstruct the valve mechanism at the level of the 
true tricuspid annulus by using the most mobile leaflet 
for valve closure without plication of the atrialized 
h mbechamber
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Modified Repair Technique for Tricuspid 
Incompetence in Ebstein’s Anomaly
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A difi d i t h i f t i id i tA modified repair technique for tricuspid incompetence 
in Ebstein’s anomaly

Hetezer et alHetezer et al
J Throac Cardiovasc Surg 1998;115:857

• 1988-1997
• 19 patients (mean age: 22 yr, 2~54 yr)
• No operative death
• Follow up median 28 (10 ~ 103) mop ( )
• TR mean 3.1 → 0.9
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A difi d i t h i f t i idA modified repair technique for tricuspid 
incompetence in Ebstein’s anomaly

Hetezer et alHetezer et al
J Throac Cardiovasc Surg 1998;115:857

• Simple
• Not plicate aRV: Adequate RV volumep q
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V t i l i ti f th At i li d h b A C tVentricularization of the Atrialized chamber: A Concept 
of Ebstein’s Anomaly Repair

Ullmann et alUllmann et al
Ann Throac Surg 2004;78:918

• 1993~2003
• 23 patients
• Early death: 4.4%
• Follow up 4.6 yearsp y

– 3 reoperation due to rupture of fixation suture
– 1 TCPC
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Wu RepairWu Repair

이미지를 표시할 수 없습니다 . 컴퓨터 메모리가 부족하여 이미지를 열 수 없거나 이미지가 손상되었습니다 . 컴퓨터를 다시 시작한 후파일을 다시 여십시오 . 여전히 빨간색 x가 나타나면 이미지를 삭제한 다음 다시 삽입해야 합니다 .

이미지를 표시할 수 없습니다 . 컴퓨터 메모리가 부족하여 이미지를 열 수없거나 이미지가 손상되었습니다 . 컴퓨터를 다시 시작한 후 파일을 다시 여십시오 . 여전히 빨간색 x가나타나면 이미지를 삭제한 다음 다시삽입해야 합니다 .

Wu  Q. et al.; Ann Thorac Surg 2004;77:470-476
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Wu RepairWu Repair
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Wu RepairWu Repair

이미지를 표시할 수없습니다 . 컴퓨터 메모리가 부족하여 이미지를 열수 없거나 이미지가 손상되었습니다 . 컴퓨터를 다시 시작한 후파일을 다시여십시오 . 여전히 빨간색 x가나타나면 이미지를 삭제한 다음 다시 삽입해야 합니다 .

Wu  Q. et al.; Ann Thorac Surg 2004;77:470-476
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A new procedure for Ebstein’s Anomaly
W lWu et al

Ann Thorac Surg 2004;77:470

• Atrialized ventricular wall is excised longitudinally
RV geometry is restored
the atrialized ventricular chamber is completely obliterated
l d f th RV i ll i t dload of the RV is alleviated
RV cavity dimensions are restored to near normal, which is 

beneficial for the recovery of RV functiony
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A new procedure for Ebstein’s Anomaly
W lWu et al

Ann Thorac Surg 2004;77:470

• Displaced leaflets with their partial subvalvular 
structures are detached from their abnormal positions 
and reattached to a position near the true tricuspid 
annulusannulus

Improve the function and durability of "the new leaflets"Improve the function and durability of the new leaflets
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A new procedure for Ebstein’s Anomaly
W lWu et al

Ann Thorac Surg 2004;77:470

• Less likelihood for tricuspid annulus to enlarge after 
annuloplasty
the effective size-reduction of the tricuspid annulus and the 

t ti f th l l fl t t l itirestoration of the valve leaflets to a near normal position, 
leading to competence of valve function and eventual 
decrease of the RA and RV pressures 
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A new procedure for Ebstein’s Anomaly
Wu et al

Ann Thorac Surg 2004;77:470

• 1997 ~ 2002
• 34 patients• 34 patients
• Age: 17 years (9 mo ~ 48 yr)
• Carpentier classification A: 2 B: 7 C: 25• Carpentier classification A: 2, B: 7, C: 25
• TR moderate: 12 severe: 22
• No surgical mortalityNo surgical mortality
• Follow up: 25 (1~55) mo
• TR absent: 28, mild: 3, moderate: 3, ,
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Early and midterm results in anatomic repair of Ebstein 
anomalyy
Wu et al

J Thorac Cardiovasc Surg 2007;134:1438

• 1997~2006
83 ti t• 83 patients

• TR moderate 22 severe 56
• Age: 17 9 ± 7 2 (9 mo 52 years)• Age: 17.9 ± 7.2 (9 mo 52 years)
• 1½ repair 1, TCPC: 4
• No surgical mortality, major morbidityg y, j y
• Follow up: 46 ± 12.5 mo
• TR: absent 54, mild 17, moderate 3, severe 3
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Posterior annular plication: Tricuspid 
valve repair in Ebstein’s anomaly

Hancock et al. 
Ann Thorac Surg 2004;77:2167
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Pericardial patch augumentation of Anterior 
tricuspid leaflet

Pericardial patch 
augmentation of the 
anterior leaflet of the 
tricuspid valve in Ebstein'stricuspid valve in Ebstein s 
anomaly.

Ann Thorac Surg 1988; 66:1831-2
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Valve Replacement
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Technique for TVR in Ebstein’s AnomalyTechnique for TVR in Ebstein s Anomaly
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Tricuspid Valve Supra-annular ImplantationTricuspid Valve Supra annular Implantation
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L t R lt f Bi th ti TVR i Eb t i ’ A lLate Results of Bioprosthetic TVR in Ebstein’s Anomaly
Kiziltan et al

Ann Thorac Surg 1998;66:1539-1544g ;

Late survival of the early (hospital) survivorsLate survival of the early (hospital) survivors.
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L t R lt f Bi th ti TVR i Eb t i ’ A lLate Results of Bioprosthetic TVR in Ebstein’s Anomaly
Kiziltan et al

Ann Thorac Surg 1998;66:1539-1544g ;

Freedom from ReoperationFreedom from Reoperation
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L t R lt f Bi th ti TVR i Eb t i ’ A lLate Results of Bioprosthetic TVR in Ebstein’s Anomaly
Kiziltan et al

Ann Thorac Surg 1998;66:1539-1544g ;
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L t R lt f Bi th ti TVR i Eb t i ’ A lLate Results of Bioprosthetic TVR in Ebstein’s Anomaly
Kiziltan et al

Ann Thorac Surg 1998;66:1539-1544g ;
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Late Results of Bioprosthetic TVR in Ebstein’s AnomalyLate Results of Bioprosthetic TVR in Ebstein s Anomaly
Kiziltan et al

Ann Thorac Surg 1998;66:1539-1544
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Cavopulmonary Connection
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Bidirectional Glenn shunt in association with congenital heart 
repairs: the 1 + 1/2 ventricular repair
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BCPS associated with Ventriculo & 
Valvuloplasty in Ebstein’s anomaly

113 t t d f Eb t i l ( )• 113 pts operated on for Ebstein anomaly (1980-1997)

• 60 patients with high risk
M i t i id l d f tiMassive tricuspid valve dysfunction
Extended atrialized RV
Poor RV contractilityPoor RV contractility
Long standing atrial fibrillation

• Group I (45)
Longitudinal RV plication + Tricuspid valvuloplasty

• Group II (15)
Longitudinal RV plication + Tricuspid valvuloplasty +BPCS

Chauvaud et al. EJCTS 1998;13:514
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BCPS associated with Ventriculo & 
Valvuloplasty in Ebstein’s anomaly

Chauvaud et al. EJCTS 1998;13:514
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BCPS associated with Ventriculo & 
Valvuloplasty in Ebstein’s anomaly

Ad antageAdvantage
• Diverts 30~40% of systemic venous return from RV
• ↓ work index of the compromised RV↓ work index of the compromised RV
• direct preloading of the LV
• avoids the negative effect of a distended RV on the compliance 

and diastolic function of the LV
• Prevent postoperative ventricular dilatation
• ↓ Operative mortality• ↓ Operative mortality
• ↓ incidence of reoperation
• Better tolerance of residual TV dysfunction
Indication

beneficial for those with large functional RV of poor systolic 
functionfunction
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Cavopulmonary ConnectionCavopulmonary Connection

Eb t i ' l i b d f ti lEbstein's anomaly: repair based on functional 
analysis

Chauvau et al. EJCTS 2003;23:525-31

191 patients
conservative surgery: 187 pts (BCPS 60 pts 34%)conservative surgery: 187 pts (BCPS 60 pts, 34%)
valve replacement: 4 pts

↑ LV EF↑ LV EF
adjunction of CP connection improves the preload on 

the LV in patient who would otherwise have a difficultthe LV in patient who would otherwise have a difficult 
postoperative course.
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J Thorac Cardiovasc Surg 2007;133:1303
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R lt f th 1 5 t i l i f Eb t i A lResults of the 1.5-ventricle repair for Ebstein Anomaly 
and the failing right ventricle

Quinoez et al EJCTS 2007;133:1303Quinoez et al. EJCTS 2007;133:1303

1999~2006
169 pts underwent operation for Ebstein Operation
BCPS 14 pts
S Eb t i l ith dil t d i ht id d h b d/Severe Ebstein anomaly with dilated right-sided chambers and/or 

RV dysfunction
BCPS + TVR(11), TV repair (2), RV resection (3)( ), p ( ), ( )
LV EF 54.5% (35-72%)
Surgical Mortaltiy: 1
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Results of the 1 5 ventricle repair for EbsteinResults of the 1.5-ventricle repair for Ebstein 
Anomaly and the failing right ventricle

Quinoez et alQuinoez et al. 
EJCTS 2007;133:1303

Conclusions: The 1.5-ventricle repair can be utilized in patients 
with severe Ebstein anomaly and impaired right ventricular 
function who are at high risk for surgical treatment We believefunction who are at high risk for surgical treatment. We believe 
the bidirectional cavopulmonary shunt may be considered as a 
planned procedure, as an intraoperative salvage maneuver, or 

l i di l i i l d ias an alternative to cardiac transplantation in selected patients.
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Repair of Ebstein anomaly forRepair of Ebstein anomaly for 
Symptomatic Neonates
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Neonatal Ebstein’s AnomalyNeonatal Ebstein s Anomaly
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Outcome in Cyanotic Neonate With Ebstein’s 
Anomaly

Kaplan-Meier survival curve indicating percent survival increasing age

Am J Cardiol 1998;81:749-754
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Indicators of Poor clinical outcomeIndicators of Poor clinical outcome

Functional or anatomic pulmonary atresia• Functional or anatomic pulmonary atresia
• Combined cardiac anatomy

– Pulmonary Atresia subpulmonic stenosis valvular PS PDAPulmonary Atresia, subpulmonic stenosis, valvular PS, PDA, 
VSD, ASD

• Cyanosis, low SaO2

• Severe TR
• High CT ratio

D d l bl d fl i iti l CXR• Decreased pulmonary blood flow on initial CXR
• Acidosis

Poor RV function• Poor RV function
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Symptomatic Neonate with Ebstein’s AnomalySymptomatic Neonate with Ebstein s Anomaly

• Try to bring the infant through the first weekTry to bring the infant through the first week 
of life by reducing pulmonary vascular 
resistance with NO or other pulmonaryresistance with NO or other pulmonary 
vasodilator

If it i t f l• If it is not successful, surgery
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Surgery for NeonatesSurgery for Neonates

Ebstein’s anomaly appearing in the neonate
Starnes et al.

J Thorac Cardiovasc Surg 1991;101:1082

• Single ventricle palliation for severely ill neonates• Single ventricle palliation for severely ill neonates
Pericardial patch closure of the tricuspid orifice with a 4 mm 

fenestration in the patchp
Atrial septectomy
Creation of a 4 mm PTFE aorto-pulmonary shunt
Ligation of MPA if pulmonary regurgitation is present

• Fontan completion later in life
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• Hospital survival around 70% in the neonatal population



Ebstein’s Anomaly

Surgery for NeonatesSurgery for Neonates

C i f l t l Eb t i ' l i tConversion of complex neonatal Ebstein's anomaly into 
functional tricuspid or pulmonary atresia

Van Son et alVan Son et al.
Eur J Cardiovasc Surg 1998;13:280-5

• Early univentricular repair within the first week of life• Early univentricular repair within the first week of life
• 5 symtomatic patietns newborns

No early mortality• No early mortality
• Fontan completion later in life
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Surgery for NeonatesSurgery for Neonates

Conversion of complex neonatal Ebstein's anomaly into 
functional tricuspid or pulmonary atresia

Eur J Cardiovasc Surg 1998;13:280-5
p p y
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Surgery for NeonatesSurgery for Neonates

Conversion of complex neonatal Ebstein's anomaly into 
functional tricuspid or pulmonary atresia

Eur J Cardiovasc Surg 1998;13:280-5
p p y
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RV ExclusionRV Exclusion

T t l i ht t i l l i d A tiTotal right ventricular exclusion procedure: An operation 
for isolated congestive right ventricular failure.

Sano et alSano et al.
J Thorac Cardiovasc Surg 2002;123:640

• PTFE patch closure of the TV 
orifice

• Baffling of the coronary sinus• Baffling of the coronary sinus 
flow through an ASD by way of 
a folded portion of RA wall
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Neonatal stenotic Ebstein’s anomaly: A novel 
technique of right ventricular exclusion

Yun et al. J Thorac Cardiovasc Surg 2006:131:469
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Neonatal stenotic Ebstein’s anomaly: A novel 
technique of right ventricular exclusion

Yun et al. J Thorac Cardiovasc Surg 2006:131:469
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Bi-ventricular Repair for NeonatesBi ventricular Repair for Neonates

Ann Thorac Surg 2002;73:1786
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Bi-ventricular Repair for NeonatesBi ventricular Repair for Neonates

R i f Eb t i ’ l i th t ti tRepair of Ebstein’s anomaly in the symptomatic neonate: 
An evolution of technique with 7-year follow-up

Knott-Craig et al.
Ann Thorac Surg 2002;73:1786

Principles of Repair
Creation of a competent tricuspid valve based on the anteriorCreation of a competent tricuspid valve, based on the anterior 

leaflet
Reducing the RA volume
Closing the ASD, leaving a small fenestration
Repairing all associated defects, including pulmonary atresia
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Knott-Craig et al. Ann Thorac Surg 2002;73:1786
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Knott-Craig et al. Ann Thorac Surg 2002;73:1786
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Knott-Craig et al. Ann Thorac Surg 2002;73:1786
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Knott-Craig et al. Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann 2007;10:112
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Repair of Ebstein Anomaly 
in Symptomatic Neonate

Wt Age/Sex Repair OutcomeWt Age/Sex Repair Outcome

1 3.2 kg 19d M Danielson, VSD closure Alive, 7 y/o

2 2.9 kg 16d M Danielson, PV dilation Alive, 7 y/o

3 3.1 kg 6d M De Vega, RVOT patch Alive, 7 y/o

4 2.8 kg 2d M De Vega Alive, 2 y/o

5 3.8 kg 2.5m F Danielson, TVR Alive, 17 m/o

6 2.1 kg 7d F Danielson, De Vega, PVR Died, Coronary injury (?)

7 3.1 kg 5d F Danielson, De Vega Alive, 15 m/og , g , /

8 6.4 kg 4m M Chauvaud, Hemi-Fontan Alive, 1 y/o

Knott-Craig et al. Ann Thorac Surg 2002;73:1786
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Bi-ventricular Repair for Symptomatic NeonatesBi ventricular Repair for Symptomatic Neonates

M t f N t l Eb t i ’ A lManagement of Neonatal Ebstein’s Anomaly

Knott-Craig et al.
Semin Thorac Cardiovasc Surg Pediatric Card Surg Ann  2007;10:112

1994 ~
22 symptomatic neonate and young infants
16 hospital survivors (73%)
No late death
Reoperation: Hemi-Fontan, TVR (2)
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ArrhythmiaArrhythmia

WPW S d (10 30%)• WPW Syndrome (10~30%)

• Atrial ectopic tachycardiaAtrial ectopic tachycardia

• Atrial flutter / fibrillation

• Atrial reentry tachycardia

AVNRT P i d l bl ti ft• AVNRT: Perinodal cryoablation after 
institution of CPB
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ArrhythmiaArrhythmia

WPW d• WPW syndrome
Previous history of supraventricular y p

tachycardia
ECG finding of pre-excitation syndromeECG finding of pre excitation syndrome

→ Electrophysiologic studyp y g y
Surgical ablation
RF catheter ablationRF catheter ablation
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Atrial tachyarrhythmiaAtrial tachyarrhythmia

Atrial fibrillation / flutter
(paroxysmal / chronic)

Right-side maze
C bl ti dCryoablation procedure 

with include RA 
i thisthmus
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Different Surgical Techniques for TV repair in 
Ebstein’s Anomaly

Plication of atrialized Detachment ofTechnique Plication of atrialized 
chamber

Detachment of 
leaflet Annuloplasty

Hardy Transverse No No

Danielson Transverse No Yes

Carpentier Longitudinal Sliding plasty Ring suggestedp g g p y g gg

Quaegebeur Longitudinal Sliding plasty No

Sebening None No No

Hetzer None Rarely required Partial 
annulorrhapyannulorrhapy

Wu Excision Reattached to 
normal annulus Yes
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Surgical Repair for Ebstein’s AnomalySurgical Repair for Ebstein s Anomaly

E dl t i i bilit f Eb t i l• Endless anatomic variability of Ebstein anomaly.

• Limitations and incomplete satisfaction with each of 
the repair method available

• The best way for the surgeon to optimize his or her y g p
ability to repair the Ebstein valve is to be familiar 
with all of the available techniques and to selectively 

l i i l d ti f th diff tapply principles and portions of the different 
techniques to the specific anatomy encountered in 
the operating roomthe operating room.
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Different Surgical Techniques for TV repair in 
Ebstein’s Anomaly

Detachment ofTechnique Plication Detachment of 
leaflet Annuloplasty

Hardy Transverse No No

Danielson Transverse No Yes

Carpentier Longitudinal Sliding plasty Ring suggestedp g g p y g gg

Quaegebeur Longitudinal Sliding plasty No

Sebening None No No

Hetzer None Rarely required Partial 
annulorrhapyannulorrhapy

Wu Excision Reattached to 
normal annulus Yes
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Surgical Options for Ebstein AnomalySurgical Options for Ebstein Anomaly

윤태진 소아심장 2006;10:1 8윤태진. 소아심장 2006;10:1-8
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A Th S 2000 69 1505 1510

Technique of repair in neonates with Ebstein’s anomaly.

Ann Thorac Surg 2000;69:1505-1510
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Combined AnomalyCombined Anomaly

ASD PFO• ASD, PFO
• Pulmonary stenosisy
• Pulmonary atresia
• VSD• VSD
• AVSD
• TOF
• Ventricular pre-excitation (WPW)Ventricular pre excitation (WPW) 

syndrome
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Knott-Craig et al. Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann 2007;10:112
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Knott-Craig et al. Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann 2007;10:112
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Outcome in Cyanotic Neonate With Ebstein’s 
Anomaly

Outcome of neonates with Ebstein's anomaly presentingOutcome of neonates with Ebstein's anomaly presenting 
with cyanosis. 

Am J Cardiol 1998;81:749-754



Ebstein’s Anomaly

Ebstein’s AnomalyEbstein s Anomaly

Eb i ’ l i i l• Ebstein’s anomaly is a rare congenital 
heart defect reported to occur in 0.2% p
of live births. 

• First described by Wilhelm Ebstein in• First described by Wilhelm Ebstein in 
1866  19 year old laborer -

• Failure of delamination of leaflets 

• Whitish and thickened myocardium
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Surgical RepairSurgical Repair

I 1959 i f h i id l i• In 1959, repair of the tricuspid valve in 
two patients: patients died.p p

• Barnard and Schrire. Surgical correction 
of Ebstein’s malformation withof Ebstein s malformation with 
prosthetic valve. Surgery 1963;54:302

• 1964 Hardy TV repair
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Surgical Management of Isolated Congenital 
Tricuspid Regurgitation

(a) Gathering plasty of anterior-posterior leaflet complex with continuous 
t e of 5 0 P olene einfo ed b tologo pe i di l t ipsuture of 5-0 Prolene reinforced by autologous pericardial strip.

(b) Implantation of artificial chordae of expanded polytetrafluoroethylene 
suture. (c) Completed procedures with Carpentier¯Edwards ring, gathering 

l l l t d tifi i l h d

Ann Thorac Surg 1988; 66:1571-4

valvuloplasty, and artificial chordae.



Ebstein’s Anomaly Correction of Functional Tricuspid 
Insufficiency by Means of A Limited PosteriorInsufficiency by Means of A Limited Posterior 

Crossed Suture Annuloplasty
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Long-term follow-up after Carpentier-Edwards 
ring annuloplasty for tricuspid regurgitation

Ann Thorac Surg 2000;70:796-799
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Long-term follow-up after Carpentier-Edwards 
ring annuloplasty for tricuspid regurgitation

Ann Thorac Surg 2000;70:796-799



Ebstein’s Anomaly

Tricuspid valve supra-annular implantationTricuspid valve supra annular implantation

The actuarial survival rate, freedom from structural 
valve deterioration, and reoperation at 19 years after a e dete o at o , a d eope at o at 9 yea s a te
the operation. 
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TVR with Bioprosthesis: long-term results and 
cause of valve dysfunction

Actuarial survival curve including operative
Ann Thorac Surg 2001;71:105-109

Actuarial survival curve, including operative 
deaths.
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TVR with bioprostheses: long-term results 
and causes of valve dysfunction

A Th S 2001 71 105 109

Actuarial rates for freedom from reoperation, structural 
valve deterioration, and nonstructural dysfunction. 

Ann Thorac Surg 2001;71:105-109
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Two Dimensional Echocardiography
(Four Chamber View)


