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Tetralogy of Fallot

• First cyanotic lesion described

• First palliative and definitive operations

• First cohort of long term survivors

• Model for natural history studies of treated CHD

• Central role in molecular biology and myocardial protection

• Lethal if untreated, good surgical results, but still a challenge

• Requiring a life-long management



Anatomy

• VSD 

• RVOT obstruction

• Aortic override

• RV hypertrophy



Anatomy

• Aortic valve moves to the left and anterior: Overrides

• RVOT obstruction from infundibular “crowding”

• VSD creation

• RV hypertrophy is acquired

• Pulmonary valve abnormalities
• Smaller annulus
• Thick leaflets, tethered to PA wall
• Bicuspid valve in up to 60% of pts

• PA hypoplasia



Anatomy
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Anatomy

n = 6

n = 8

n = 22
n = 22 n = 8 n = 6

Coronary anomalies encountered in 36 patients, 

all unsuitable for a classical trans-RV approach

RAD (22)     R from LAD (8)   Dual AD-Conal (6)

Tetralogy with abnormal coronaries (36/611)



History

• 1671 
• N Stensen: First description in malformed fetus

• 1671-1888
• Numerous case presentation (Sandifort, Hunter, etc) 

• 1888 
• E Fallot: Non-random association of the tetrad 

leading to specific symptomatology

• 1924 
• M Abbott: Tetralogy of Fallot



History

• 1944 
• A Blalock: Palliation – shunt

• 1954 
• CW Lillehei: Intracardiac repair with cross-circulation

• 1955 
• JW Kirklin: Intracardiac repair with pump oxygenator



The Blalock-Taussig Shunt

The Alan Mason Chesney Medical Archives of The Johns Hopkins Medical InstitutionsVivien Theodore Thomas: surgical technician



The Blalock-Taussig Shunt
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Initial TOF repair

Ann Surg. 1986;204:490-502.



Initial TOF repair

• 106 pts (4 months-45 years)

• Survival 77% at 30 yrs

• Freedom from re-operation 

91% at 30 years

• 32% college

• 10% graduate school

Ann Surg. 1986;204:490-502.



Conotruncal repair

• VSD closure via RV tomy

• Trans-annular patch 

with momocusp

Ann Thorac Surg. 1988;45:661-6.



Conotruncal repair

Ann Thorac Surg. 1988;45:661-6 J Thorac Cardiovasc Surg. 1998;115:351-60.



Early and late outcomes

• Knott-Craig et al 1998
• 294 patients (1971-97)

• 20 yr survival for hospital survivor

: 0.98 (+/-.07)

• freedom from re-intervention 

: 0.86 (+/- .04)

Ann Thorac Surg. 1998;66:506-11.



Early and late outcomes

• Pigula et al 1999
• 99 children (< 90 days) had early repair (1988 -96)

• 70/99 with transannular patch (TAP)

• 96/99 with transventricular VSD repair

• 3% early mortality

• 91.6% survival at 5 years

• 73% freedom from re-intervention at 5 years

Pigula F, et al. Circulation 1999;100: II-157-161.



Right ventriculotomy

• Belief that RVtomy made long-term RV dysfunction

• Shift the repair to trans-atrial and trans-pulmonary approach



Pulmonary valve sparing TOF repair

• Trans-atrial and transpulmonary repair
• Avoid or minimize ventriculotomy

(limited to the outlet portion of RV or infundibulum)

• Preserve pulmonary valve (z > -2)



Type of TOF repair

Pulmonary valve sparing
(RVMB resection +/- RVOT patch)

Transannular patch RV-PA conduit



Current outcomes for TOF repair

• STS database study 1
• 2002-2007

• 3059 operations

• < 18yo patients coded for TOF       

(exclude TOF/PA)

• 294 had initial shunt 

(178 neonates)

• 2534 primary complete repair

• 217 repair after initial palliation

Al Habib HF, et al. Ann Thorac Surg. 2010;90:813-9.



Current outcomes for TOF repair

• STS database study 1
• 2534 primary complete repair

• 581 (23%) had no ventriculotomy

• 571 (23%) had non-transanular patch

• 1329 (52%) had transanular patch

• 53 (2%) had RV-PA conduits. 

• 217 complete repairs with prior palliation
• 20 (9%) had no ventriculotomy

• 30 (14%) had non-transanular patch

• 144 (66%) had transanular patch

• 24 (11%) had RV-PA conduits.

Al Habib HF, et al. Ann Thorac Surg. 2010;90:813-9.



Current outcomes for TOF repair

• STS database study 1

Al Habib HF, et al. Ann Thorac Surg. 2010;90:813-9.



Current outcomes for TOF repair

• STS database 2
• 2010-2020

• < 18yo patients coded for TOF       

(exclude TOF/PA)

• 12157 index operation for TOF

• Palliation: 7% in total cohort

45% in neonates

associated with higher preOp
risk factor (50.1% vs 24.3%)

higher mortality and morbidity

(21.2% vs 7.46%)

Clarke NS et al. Ann Thorac Surg. 2023;116:768-775.



Current outcomes for TOF repair in Japan

• National Clinical Database
• Early mortality of TOF repair

1.0% (2017-18)

2.0% (2015-16)

• Complications
• Unplanned Reoperation   4.0%

• Pacemaker implantation  0.7%

• Wound infection               0.6%

• Neurological deficit          0.4%

Hirata. 日心外会誌 2020;49:151-154.



When is the good time for TOF repair?

• How about neonatal TOF repair??

• Pros
• Actuarial survival: 93% at 5 years
• Free from re-Op: 89% at 1 year and 58% at 5 years
• No neurological sequelae
• 6.8 +/- 7 days mechanical ventilation

• Cons
• Almost same mortality with shunt or repair
• Individualized approach

Hirsch JC et al. Ann Surg. 2000;232:508-14.

Kanter KR et al. Ann Thorac Surg 2010;89:858-63.



When is the good time for TOF repair?

• PHIS database study
• 2004-2010

• 39 centers, 4968 operations

• < 19yo patients

• Discharge mortality of TOF

 1.3% (all cohort)

6.4% (neonate)

※neonate group had higher morbidity

Steiner MB, et al. JTCVS 2014;147:1299-305.



When is the good time for TOF repair?

• PHIS database study
• 2004-2010

• 39 centers, 4968 operations

• < 19yo patients

• Significant variation in 

percentage of 

neonatal TOF repair 

Steiner MB, et al. JTCVS 2014;147:1299-305.



When is the good time for TOF repair?

• North American consensus
• Expert consensus panel

• 163 papers reviewed

• >75% expertise agreement on 
each statement

J Thorac Cardiovasc Surg 2023;165:221-50.



When is the good time for TOF repair?

J Thorac Cardiovasc Surg 2023;165:221-50.



Catheter-based initial palliation?

Qureshi AM, et al. Semin Thorac Cardiovasc Surg Pediatr Card Surg Annu. 2022:25:48-57.



When to spare the pulmonary valve?

J Thorac Cardiovasc Surg 2023;165:221-50.



Pulmonary valve creation

• Conotruncal repair

• Monocusp patch

Ann Thorac Surg. 1988;45:661-6



Pulmonary valve creation

• ePTFE monocusp

Turrentin MW, et al. Ann Thorac Surg 2002;73:871–80.



Pulmonary valve creation

• ePTFE bi-leaflet valve (Nunn technique)

Nunn GR, et al. J Thorac Cardiovasc Surg 2008;136:290-7.



Pulmonary valve creation

• Pulmonary cusp augmentation
• autologous pericardium 

Anagnostopoulos P et al. JTCVS. 2007;133:640-7.Sung SC. Ann Thorac Surg 2003;75:303–5.



Pulmonary valve creation

• Atrial appendage valve

Eur J Cardiothorac Surg. 2021 Apr 13;59(3):697-704.



Which is the best technique for monocusp?

• North American consensus
• From 163 papers

• >75% expertise agreement on 
each statement

J Thorac Cardiovasc Surg 2023;165:221-50.
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Pulmonary valve replacement (PVR)

• (Redo) median sternotomy, regular cardiopulmonary bypass

• Under aortic cross-clamp (cardioplegic arrest) or Vf
(electrical arrest)

Operative Techniques in Thoracic and Cardiovascular Surgery 2016



Long-term PVR - Indication?

• PVR to control PI

• RV muscle resection to relieve the obstruction

• Operative indications
• To improve symptoms and avoid sudden death

• RV dilatation

• RV dysfunction

• TR

• QRS elongation

• Arrhythmia

Geva T. Circulation 2013;128:1855-7.



Pulmonary valve replacement (PVR)

• Commonly PVR with bioprosthesis (rarely mechanical valve)



Pulmonary valve replacement (PVR)

• Only in some Japanese or Japanese-related overseas centers, 
PVR with valved ePTFE conduit (so-called “Yamagishi-valve”)

J Thorac Cardiovasc Surg 2011;142:1122-9.



Transcatheter pulmonary valve insertion (TPVI)

• Mess invasive

• Not fit for all patient

• Recurrence of PI/RVOTO

• Ventricular arrhythmia

From Medtronic website



Conclusion

• The surgical repair for tetralogy of Fallot has an excellent outcome.

• The decision for palliation, the best palliation technique, the 
optimal timing for repair, and the best surgical repair technique, are 
still controversial.  

• The long-term follow-up will be necessary to enhance the patient 
quality of life.



Thank you






