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• Evolution of surgery for CHD

• Bethesda classification- ACHD

• Common pathology seen in adults

• Surgical cases



The treatment of congenital heart disease is 

largely hygienic.  Fresh air, avoidance of 

cold and of all conditions liable to induce 

bronchial irritation and a carefully 

regulated diet are the most essential 

elements… Bloodletting, under these 

circumstances, might be freely employed.

Sir William Osler’s Collected Papers 

on the Cardiovascular System, 1889
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Congenital Heart Disease
• Most common birth defect ~ 8 per 1000

• 90% survive to adulthood

• Atleast 800,000 adults in the US

– 47% simple defects

– 38% complex defects

– 15% very complex defects

• Only a fraction have appropriate cardiology f/u

• Most commonly present in adulthood with 

arrhythmias and CHF



Adult congenital heart disease
(Bethesda Conference classification)

• Simple defects

– Isolated secundum ASD’s, VSD’s

– Isolated valve disease ( pulmonary / aortic 

stenosis)

– Ligated/ occluded PDA

– Repaired ASD/ VSD

• Recommend evaluation “atleast once” in 
a adult congenital heart center. 



Adult congenital heart disease
(Bethesda Conference classification)

• Moderate defects
– PAPVC

– AV canal defects

– Coarctation of aorta

– Ebstein’s anomaly

– Primum ASD, sinus venosus ASD

– Subvalvular or supravalvular aortic stenosis

– Moderate or severe pulmonary stenosis/ regurgitation

– Tetralogy of Fallot

– Complicated VSD



Adult congenital heart disease
(Bethesda Conference classification)

• Complex disease

– Cyanotic lesions

– Double outlet ventricle

– Eisenmenger’s syndrome

– Fontan Procedure

– Single ventricle

– Pulmonary vascular obstructive disease

– TGA

– Truncus



General Management

• Preoperative evaluation

– Natural history

– Sequelae of previous interventions

– Development of acquired diseases

– Development of CAD

– TEE/ TTE

– Cardiac catheterisation



Procedures requiring 

reoperation
• Redo median sternotomy

– CT scan to assess adherance of vascular 

structures to the back of the sternum

– Femoral cannulation

– Need for DHCA

– Use of goretex or pericardial patch

• Bleeding

– Platelet dysfunction, hepatic congestion

– Use of autologous blood, antifibrinolytics



Myocardial Protection

• Right and left ventricular hypertrophy, 
dysfunction and dilatation

• Noncoronary/ bronchial collateral flow

• Need for LV vent, deep hypothermia 
and frequent antegrade and retrograde 
cardioplegia



Post operative care

• More significant post operative 
myocardial dysfunction

• Need for direct LA line



ASD



PAPVR 
Surgical AnatomyDrainage of at least one pulmonary vein 

drains to the right atrium, SVC or IVC

•Virtually always associated with an ASD



PAPVR 
Operative Procedure

Kirklin, Ellis and Wood - 1965

•Patch repair of the ASD

•Diversion of PAPVR flow to the left atrium





PAPVR to SVC 
The Problem

Baffle diversion of the PAPVR 

and ASD closure can obstruct the 

SVC

•Baffle obstruction, SVC occlusion



PAPVR to SVC 

Schuster, Gross and Colodny - 1962

•Baffle repair or PAPVR to left atrium

•Atriocavoplasty to avoid SVC obstruction





Atriocavoplasty

Late Sinus Node Dysfunction
• Agrawal - 1997                                          3/27 

(11%)

• Pathi et al - 1995                                          0/6 

(0%)

• DeLeon et al - 1993                                    3/23 

(13%)

• Cooley et al - 1991                                      2/6 

(33%)



History & Physical

• 66 yr old female 

• Murmur since childhood- asymptomatic

• Recent dry cough

• Abnormal CXR



TEE

• PAPVC of the RUPV to the SVC/RA 
junction. 

• LU, LL, RL pulmonary veins - normal

• RUPV vein dilated

• SV ASD measuring 1.5 cm

• Bidirectional shunting















PAPVR to SVC 

Warden, Gustafson, Tarnay and Neal -

1984

•SVC Transection and translocation to the right 

atrial appendage

•Baffle proximal SVC stump to left atrium



PAPVR to SVC 
The Warden Procedure



Warden Procedure

Late Sinus Node Dysfunction
• Warden et al - 1984                                     3/13 

(23%)

• Freedom et al - 1984                                      0/6 

(0%)

• Gaynor et al - 1995                                       0/11 

(0%)





• Defect in close proximity to anterior and 

superior rim
( Z. Amin et al. Erosion of ASOD after closure of secundum

ASD’s. Catheter Cardiovasc Interv 63 2004)



• ASO deployed in the ASD ( Note close proximity of free 
wall of L&R atrium to the edge of device)

• With each cardiac cycle, the device results in 
bruising of atrial wall and/ or aorta

( Z. Amin et al. Erosion of ASOD after closure of secundum ASD’s. 
Catheter Cardiovasc Interv 63 2004)



( Z. Amin et al. Erosion of ASOD after closure of 

secundum ASD’s. Catheter Cardiovasc Interv 63 

2004)

• Risk factors:

– Deficient rims (esp anterior and superior )

– Oversizing of the device

– Device to unstretched ASD ratio was higher in 

adverse event group compared to the FDA trial 

group

• All erosions occurred at the dome of the atria, 

near aortic root

• Incidence in US: 0.1% 



















Surgery

• RA was opened and the device was removed

• Erosion through the roof of Rt atrium and 
through the adventitia and media of the aortic 
root

• 3 cm pericardial patch was sewn to close the 
defect with a continuous 4-0 prolene

• RA defect closed from inside with 2 layers of 4-
0 prolene

• Aortic rent closed in 2 layers

• Cross clamp time 31 mins + 11 mins



Ostium Primum defects & late 

reoperations after CAVC 

repair













Late reoperations after repair 

of AV canal

• Late AV valve regurgitation

– 10-30% incidence of AV valve malfunction

– Most common cause- residual or recurrent 

cleft in the anterior leaflet

– Repair/ replacement



Late reoperations after repair 

of AV canal 

• LVOTO after AV canal repair

– left superior leaflet chordae that are 

attached to the outlet septum, 

– outgrowths of accessory valve tissue in the 

left ventricular outflow tract. 

– subaortic membrane 

– abnormal papillary muscle position.



Coarctation of Aorta



Resection & E-E Anastomosis



Extended Resection & E-E 

Anastomosis



Subclavian Patch aortoplasty



Reversed Subclavian Patch 

Plasty



• 45 yr old gentleman

• Presented with chest pain and 
shortness of breath

• CT angiogram showed a coarctation of 
aorta distal to the left subclavian artery

















Outcomes

• Excellent

• Recoarctation

– Defined as a residual gradient > 20-30 at 

rest

• Catheter based techniques used for 
primary and recurrent coarctation



Tranposition of Great Arteries



DTGA 

Arterial Switch Operation



Atrial Switch Operations

• Mustard- Pericardial baffle used to 
redirect blood

• Senning- Atrial septum used to redirect 
blood

• Right becomes systemic ventricle

• 70-80% survival at 20 yrs



Atrial Switch Operation

• 10 % symptomatic at rest, 60% with 
exercise

• Atrial arrhythmias common

• Baffle obstruction leads to PV or 
Systemic venous congestion and 
eventually systemic ventricular failure

• Sudden death is most common cause of 
mortality after an atrial switch operation



Reoperation

• Left ventricular retraining with PA 
banding and arterial switch

• Repair of baffle obstruction with 
pericardial patch

• May need tricuspid valve replacement





CCTGA

• 17 year old, 68 kg 

male

• CC-TGA, VSD, PS

• Heart failure

– Decreased exercise 
tolerance

– 3rd degree heart 
block

• Cardiac 

catheterization



CCTGA

• RA →MV→LV→PA

• LA→TV→RV→Ao

• VSD ( 75%), 

• PS ( 75%), 

• Ebstein like anomaly  

( > 75%)



The Double Switch



The Double Switch



CCTGA

• Systemic (tricuspid ) AV valve 
regurgitation → Valve replacement

• AV Block → Pacemaker

• End stage heart failure → Heart 
transplantation



Tetralogy of Fallot



Complete repair



Indications for late 

reoperations

• Residual VSDs

• Residual or recurrent obstruction to 
pulmonary blood flow, 

• Severe pulmonary insufficiency with 
progressive right ventricular dilatation 
and dysfunction 



Post Rastelli repair-

Pulmonary artery 

pseudoaneurysm



















Single Ventricle Palliation

FONTAN

Elevated systemic venous pressure is the 
adequate driving force for pulmonary 

blood flow and a pumping right ventricle is 
not necessary



Thorax 1971;26:240-8







Atriopulmonary Connection

Turbulent Flow

Parietal Stasis

Thrombus 

Formation and  

Fontan circuit 

obstruction



RA Dilation

RA HTN

Elevated CVP

CS HTN

PV compression



Atriopulmonary Connection

RA Dilation

SV Arrhythmia

AV Synchrony and 

further compromise 

of ventricular 

function



BDG or HFP for 

interval CPC (4-6 

months)

Moved from AP 

Connection in 

favor of TCPC by 

two methods



Lateral Tunnel TCPC;

Benefits

• Gold Standard for Fontan Completion

• Growth Potential

• Source of endothelium





Lateral Tunnel TCPC;

The Downside

• Atriotomy (implies CPB, X-clamp)

– Post CPB cardiovascular function

• Heavy suture load to the RA

• SA node proximity





Extracardiac Conduit TCPC;

Benefits

• No atriotomy (no cross-clamp)

– Warm, beating heart

– Decreasing need for fenestration

• No atrial suture lines

• SA node





Extracardiac Conduit TCPC;

The Downside

• Growth potential

– Age of operation

• Conduit issues

– Obstruction

– Calcification,Degeneration



J Thorac Cardiovasc Surg 2000;119:340-6



Patients

• 31 patients (19.9+8.8 year old)

• AP (21), AV (1), LT (1)

– 20 had preop tachyarrhythmia

– 3 had 1st or 2nd AV block

– 5 had PM (complete AV block)



Technique

• Conversion to ECC TPCP (no fen!)

• 68% aggressive reduction atrioplasty

• 6 mapping/cryoablation/PM

• 2 right atrial modified maze



Results

• 2 operative deaths

• 1 late death ,1 transplant (RHYTHM)

• All survivors has improved functional 

status (n=20 NYHA I, n=7 NYHA II)
– 4 DCEPM, 6 persistence of preop arrhythmia, 1 new 

A-fib (11/29)

– All those having rhythm control surgery were 

controlled, only 1 required medication



J Thorac Cardiovasc Surg 2001;122:863-71



Patients

• 40 patients (18.7+9.0 years old)

• AP (31), AV (6), LT (2), IAG (1)

– all but 2 had rhythm disturbance



Technique

• 38 TCPC (32 ECC, 6LT), 1 RA-PA 

anastamotic revision, 1 “one and a 

half” ventricular repair

• 40 had arrhythmia procedures

• 38 pacemakers (33 atrial, 5 DC)









Results

• No surgical deaths, 1 late death (MI)

• 5 patients with tachyarrhythmia  

(12.5%), 4 (10%) require medication

• 0 patients undergoing modified 

maze, 0 patients undergoing maze-

Cox III have rhythm disturbance





Degenerations of Homografts





















All patients do need follow-up monitoring 
because there are long-term residua and 
sequelae associated with repair of nearly 

all the defects



“If I have seen farther, it is by standing 
on the shoulders of giants”

Isaac Newton to Robert Hooke - 1676             





Thank you


