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The First Open Heart Corrections of Tetralogy of Fallot:
A 26-31 Year Follow-up of 106 Patients

LLLEHEL C. WALTON PH.D., M.D.: VARCO, RICHARD L. PHD., M.D.: COHEN, MORLEY PH.D.. M.D.:
WARDEM, HERBERT E. M.D.; GOTT, VINCENT L. M.D.; DEWALL, RICHARD A. M.D.; PATTOMN, CECELIA
EN.; MOLLER, JAMES H. M.D.
Ann Surg. [986;204:400-502
Abstract
[etralogy of Fallot became a corectable malformation on August 31, 1954, and from that date through 1960, 106
E:ti:nts {ages 4 months-45 vears) who underwent apen r:qalrs at the University of Mimnesota and were discharged,
ve been followed (9% complete) until death or tor 26-3 1 years (mean: 23.7 years, 2424 patient years). The
purposes of this study were to determine survival, morbidity, hemodynamics, educational/employment attainments,
and relation of these to surgical technics.,
Operations were done by cross circulation (6 patients) and bubble axygenator { 100 patients). This group had the
first uses of patch ventricular ssptal defect closure, mutflow root, infundibuloplasty, atresia correction, 1schemic
arrests, and pacemakers among other imnovations. Twenty-one (of 105 patients) have died during the follmarup: cight
deaths in the first 10 vears, 12 between 10 and 20 years, and | =30 years. The causes of death were sndden (5],
accidental {4), congestive failure (2), reoperation (2), suicide (2], and other (2). Actuarial survival at 30 vears was
77%. Latz complications were ten reoperations, five arrhythmias, and one endocarditis. Actuanial freedom from
reoperations at 3 vears was 9 1%, Cardiac recatheterizations in 62 patients disclosed only 10 with residual shunts,
Peak right ventricular systolic pressures were < 20 mmHg (34 patients), 41-60 mm (2 patients), 61-70 mm (4
patients), =7 mmc}ﬂr patients). Thirty-four patients {32%) completed college, ten of these completed graduate
school (3 masters degrees, 2 M.D.S, 2 Ph.Ds, | lawyer). Fifteen others attended college, and nine received
technical school diplomas. Forty patients {18 men, 22 women) had progeny, with 82 (93%) live births and six major
cardiac defects (7.3%). In summary, complete repair gave excellent late results in this group cared for very early in
the open heart era. Survivors led productive lives without restrictions in education and employment. Many of the
deaths/'complications that oceured are now easily prevenable, which angurs extremely well for this generation.
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repair of tetralogy of Fallot. J Thorac
Cardiovasc Surg, 122 (2001), pp. 154-161.
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Pathophysiology of PR
AEREEOIEE ?

Ventricular fibrosis suggested by cardiovascular magnetic resonance in adults with
nep:nred tetralogy of fallot and its relationship to adverse markers of clinical outcome.
S.V. Babu-Naravan, PJ. Kilner and W. Li, et al. Circulation, 113 (2006) pg 405—4[3
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Impaired left ventricular myocardial mechanics and their relation to pulmonary regurgitation,
nght ventricular enlargement and exercise capacity in asymptomatic children after repair of
tetralogy of Fallot. Femnandes FF, Manlhiot C, Roche SL, Grosse-Wortmann L, Slorach C,
MeCrindle BW, Mertens L, Kantor PF, Friedberg MK. JAm Soc Echocardiogr. 2012
May;25(5):494-503.
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Adverse Left Ventricular Mechanies in Adults With Repaired Tetralogy of Fallot Nikolaos
Tzemos, MDa, Louise Hamis, MDa, Shemy Carasso, MDa, Laura Dos Subira, MDa, Matthias
Greutmann, MDa, Yves Provost, MDb, Andrew N. Redington, MDa, Harry Rakowski, MDa,
Samuel C. Siu, MDa, and Candice K. Silversides, MDa *
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Risks and benefits of PVR
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Safe but not zero mortality after PVR

Therrien I, Siu 8C, Hamis L, Dore A, Niwa K, Janousek J, Williams
MA: Impact of pulm
tetralogy of Fallot. Circulation 2001, 10 89-94,
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Pediatric Cardiology

Pulmonary Valve Replacement in Tetralogy of Fallot
Impact on Survival and Ventricular Tachycardia

David M. Hamild, MD, PhD; Charles | Berul, MD: Frank Cecchiin, MD: Tal Geva, MD
Kunberlee Gauvrcan, ScD; Framk Pigula, MD. Edward P, Walsh, MD

Backgronnd —Pulmosary valve replacemest (PVR | i repasred tetralogy of Fallt i TOFr reduces pulmonany regorgl tation
and decresas right vemtrculur IRV) dilation, hat ity Bang-term (mypact on ventncular tachycandas (V1) and moctalaty o
unknown. This stady aumesd 1o Setermuine the moidence of death and VT in TOF after FVR 2 10 1o the hapotbesis
that PVR leads 1o jmprovenens (0 these auscomes
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vt s mere e e fox of |h;-'[-rin'r'~ vatrol subsects haad TOF with BY dilatson bt oo PYR. Mot hing wos
done by age (=2 yeans) and baselene ORS duestion = M sl So stgnificant Jiflferences were Tound i ape. QRS

durateon, 1ype o decade of winal repair, uge at TOF repair, or presesse of pre-PVR VT between the 2 groups; Timited
evhovanlsogranhen amd magnets resoniance smnn g ald show od oo diflereone i left sentescular Funetion bat i RY
dilation ameng PYR pelacals B contn I subjexts. T the PYR Fvup I3 events oxcumred over 272 prad ety Cars No

gnificant change in QRS duratson was seen fiw v group. Overall 3 and 10-veour freadom Troen Jeath, VT, o hoth

was MR sod $1%, respectivety. In the matched companaon, po sigmificant differences were ween i VT, death
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Electrophysiologic Benefits After PVR
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Current Indications for PVR
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INDEPENDENT FACTORS ASSOCIATED WITH LONGEVITY OF PROSTHETIC PULMONARY VALVES

AND VALVED CONDUITS
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Future Directions
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Are the Acute Effects of Altered
Right Ventricular Loading All We Can Expect?

Odjecthes The surpine of thes 2ty wan 10 svsens the gutoalisl of late posfive Tunclonsl remoleling afles percutaseow
manan vatve imptantation (PPYY) in NG sentxitar outfow trict Orhancton

BICKETOUNE  PPYI Mot bett ShOwR 10 ITGICT ACUTIY 90 BIVRIITEr NURCTIO M8 IVBFCIME JerRrmAnCe. BNt U Jotanial for
further Late mctemal ssmodetng 1ma hsowr.
Methods TP Bve patientn B WALRNSS hemadyanTC 6TcTs of PPA 3t L yoar ware inchiaded Patamty mare dwsded
10 2 MEGTTAR turent o) e G700 8 FRRTTENI TRy Marena 17 (% X5 00 gressermenant fumonany
DA (PR) (2 = IO Dt frien mageti +eainance IMAENE Ind (vl ANy e3iriine leatng weee
SIS — - —-

YL B D ACA X OB el T

25

Conclusion

+ FEIIRARAEAZICEDIEDIAEEIMETAEITIEELY,

o FHEIARF EBRMIIREITITIENTABRLGFHTHS,

s BEDHEENETTALEMTRENE CTEEALD
wEEEMN DS,

- FESHLAEELHOEESRCARICFEHETI<IF
E2 A DEREOFHE (MRDABETHS,

© BLFEANBEETHELTEIROME TS TIZOHME
ENEGLTOAT RN DY FEIRF HEDRAE
DETEFMET>ONECHD.,

BRI ET R L AR RN RERAMEES:

L e R

0

213/10/19 EOE BARNAEEELE BRF I F— 26




10.

11.

12.

Kirklin JW, Wallace RB, McGoon DC, DuShane JW.
Early and late results after intracardiac repair of
Tetralogy of Fallot. 5-Year review of 337 patients.
Annals of surgery 1965:162:578-89.

Barratt-Boyes BG, Neutze JM. Primary repair of
tetralogy of TFallot in infancy wusing profound
hypothermia with circulatory arrest and limited
cardiopulmonary  bypass: a  comparison with
conventional two stage management. Annals of surgery
1973;178:406-11.

Kirklin JW, Blackstone EH, Pacifico AD, Brown RN,
Bargeron LM, Jr. Routine primary repair vs two-stage
repair  of  tetralogy of Fallot. Circulation
1979:60:373-86.

Lillehei CW, Varco RL, Cohen M et al. The first open
heart corrections of tetralogy of Fallot. A 26-31 year
follow-up of 108 patients. Annals of surgery
1986:204:490-502.

Naito Y, Fujita T, Manabe H, Kawashima Y. The
criteria for reconstruction of right ventricular outflow
tract in total correction of tetralogy of Fallot. The
Journal of thoracic and cardiovascular surgery
1980:80:574-81.

Gatzoulis MA, Balaji S, Webber SA et al. Risk factors
for arrhythmia and sudden cardiac death late after
repair of tetralogy of Fallot: a multicentre study. Lancet
2000;356:975-81.

Tateno S, Niwa K, Nakazawa M et al. Risk factors for
arrhythmia and late death in patients with right
ventricle to pulmonary artery conduit repair--Japanese
multicenter study. International journal of cardiology
2006;106:373-81.

Therrien J, Siu SC, McLaughlin PR, Liu PP, Williams
WG, Webb GD. Pulmonary valve replacement in adults
late after repair of tetralogy of fallot: are we operating
too late? Journal of the American College of Cardiology
2000;36:1670-5.

Bacha EA, Scheule AM, Zurakowski D et al. Long-term
results after early primary repair of tetralogy of Fallot.
The Journal of thoracic and cardiovascular surgery
2001;122:154-61.

Caldarone CA, McCrindle BW, Van Arsdell GS et al.
Independent factors associated with longevity of
prosthetic pulmonary valves and valved conduits. The
Journal of thoracic and cardiovascular surgery
2000;120:1022-30; discussion 1031.

Discigil B, Dearani JA, Puga FJ et al. Late pulmonary
valve replacement after repair of tetralogy of Fallot.
The Journal of thoracic and cardiovascular surgery
2001:;121:344-51.

Therrien J, Provost Y, Merchant N, Williams W,
Colman J, Webb G. Optimal timing for pulmonary
valve replacement in adults after tetralogy of Fallot
repair. The American journal of cardiology
2005;95:779-82.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Warner KG, O'Brien PK, Rhodes J, Kaur A, Robinson
DA, Payne DD. Expanding the indications for
pulmonary valve replacement after repair of tetralogy
of fallot. The Annals of thoracic surgery
2003:76:1066-71; discussion 1071-2.

Knauth AL, Gauvreau K, Powell AJ et al. Ventricular
size and function assessed by cardiac MRI predict
major adverse clinical outcomes late after tetralogy of
Fallot repair. Heart 2008;94:211-6.

Geva T, Sandweiss BM, Gauvreau K, Lock JE, Powell
AJ. Factors associated with impaired clinical status in
long-term survivors of tetralogy of Fallot repair
evaluated by magnetic resonance imaging. Journal of
the American College of Cardiology 2004:43:1068-74.

Karamlou T, Silber I, Lao R et al. OQutcomes after late
reoperation in patients with repaired tetralogy of
Fallot: the impact of arrhythmia and arrhythmia
surgery. The  Annals of thoracic surgery
2006;81:1786-93; discussion 1793.

Bashore TM. Adult congenital heart disease’ right
ventricular outflow tract lesions. Circulation
2007:115:1933-47.

Gengsakul A, Harris L, Bradley T4 et al. The impact of
pulmonary valve replacement after tetralogy of Fallot
repair: a matched comparison. European journal of
cardio-thoracic surgery official journal of the
European Association for Cardio-thoracic Surgery
2007;32:462-8.

Puranik R, Tsang V, Lurz P et al. Longterm
importance of right ventricular outflow tract patch
function in patients with pulmonary regurgitation. The
Journal of thoracic and cardiovascular surgery
2012;143:1103-7.

Frigiola A, Tsang V, Bull C et al. Biventricular response
after pulmonary valve replacement for right
ventricular outflow tract dysfunction: is age a predictor
of outcome? Circulation 2008;118:S182-90.

Tobler D, Crean AM, Redington AN et al. The left heart
after pulmonary valve replacement in adults late after
tetralogy of Fallot repair. International journal of
cardiology 2012;160:165-70.

Dos L, Dadashev A, Tanous D et al. Pulmonary valve
replacement in repaired tetralogy of Fallot:
determinants of early postoperative adverse outcomes.
The Journal of thoracic and cardiovascular surgery
2009;138:553-9.

Bautista-Hernandez V, Hasan BS, Harrild DM et al.
Late pulmonary valve replacement in patients with
pulmonary atresia and intact ventricular septum’ a
case'matched study. The Annals of thoracic surgery
2011;91:555-60.

Harrild DM, Powell AJ, Tran TX et al. Long-term
pulmonary regurgitation following balloon
valvuloplasty for pulmonary stenosis risk factors and
relationship to exercise capacity and ventricular
volume and function. Journal of the American College
of Cardiology 2010:565:1041-7.



25.

217.

Harrild DM, Berul CI, Cecchin F et al. Pulmonary
valve replacement in tetralogy of Fallot: impact on
survival and ventricular tachycardia. Circulation
2009;119:445-51.

Geva T. Repaired tetralogy of Fallot: the roles of
cardiovascular magnetic resonance in evaluating
pathophysiology and for pulmonary valve replacement
decision support. Journal of cardiovascular magnetic
resonance : official journal of the Society for
Cardiovascular Magnetic Resonance 2011;13:9.

Lurz P, Nordmeyer J, Giardini A et al. Early versus late
functional outcome after successful percutaneous
pulmonary valve implantation: are the acute effects of
altered right ventricular loading all we can expect?
Journal of the American College of Cardiology
2011:67:724-31.



Aortopathy

Fallot

cystic medial necrosis

Aortopathy
1
6pl2.2-p13.13 ))
cystic medial necrosis (2,3)
3.4
4) ®)
Ross
(6.7
(8,9),
(10)
—cystic medial necrosis (11,12)

A-P R-L



(13)

/
(14-16)
Fallot
(14,15)
17 15
(18-20)
Marfan (21
(14,22) Fallot
50.9% fibrillin-1  exonic DNA variants
fibrillin-1 (23).
cystic medial necrosis
(post-stenotic dilatation)
a,

(8.9

10

14),

22

, Marfan

11

-Aortopathy-



junction(STJ)

24

4
a,
Marfan
(25)
(26)

type 1 receptor blocker(ARB;
(30,31)

ARB

Marfan

40mm

B

meta analysis

(27-29)

30mm

STJ

1.5

Marfan

TGF-B (transformikng growth factor)

(3%5)

)

32)

Marfan

(33,34)

55mm

(36)

sinotubular

B

angiotensin 11



(10)
cystic medial necrosis
Aortopathy
B
ACE ARB
€D))
1,
2,
3 L]
4, : Marfan , Turner , Noonan
5, : Fibrillin-1 defect (15¢21.1)
6, TGF-B , ALK5 ( )
7 7
8, Metallo-proteinase elastin
9, ( )
10, ( ;cystic medial necrosis)




1, Khau Van Kien P, Mathieu F, Zhu L, et al. Mapping of familial thoracic aortic
aneurysm/dissection with patent ductus arteriosus to 16pl2.2-p13.13. Circulation
2005;112:200-206.

2, Roberts WC: The congenitally bicuspid aortic valve. A study of 85 autopsy cases.
Am J Cardiol 1970;26:72-83.

3, McKusick VA. Association of congenital bicuspid aortic valve and Erdheim’ s cystic
medial necrosis. Lancet 1972;1:1026-1027.

4, Roberts CS, Roberts WC. Dissection of the aorta associated with congenital
malformation of the aortic valve. J Am Coll Cardiol 1991;17:712-716.

5, Harn RT, Roman MJ, Mogtader AH, et al. Association of aortic dilation with
regurgitation, stenotic and functionally normal aortic valves. J Am Coll Cardiol
1992;19:283-288.

6, David TE, Omran A, lvanov J, et al. Dilatation of the pulmonary autograft after
the Ross procedure. J Thorac Cardiovasc Surg 2000;119: 210-220.

7, de SA M, Moshkovitz Y, Butany J, et al. Histological abnormalities of the ascending
aorta and pulmonary trunk in patients with bicuspid aortic valve disease: Clinical
relevance to the Ross procedure. J Thorac Cardiovasc Surg 1999;118: 588-596.

8, Chong WY, Wong WH, Chiu CS, et al. Aortic root dilatation and aortic elastic
properties 1in children after repair of tetralogy of Fallot. Am J Cardiol
2006;97:905-909.

9, Cheung YF, Wong SJ. Central and peripheral arterial stiffness in patients after
surgical repair of tetralogy of Fallot: implication for aortic root dilatation. Heart
2006;92:1827-1830.

10, Senzaki H, Iwamoto Y, Ishido H, et al. Arterial haemodynamics in patients after
repair of tetralogy of Fallot: influence on left ventricular after load and aortic
dilatation. Heart 2008;94:70-74.

11, Niwa K, Perloff JK, Bhuta SM, et al. Structural abnormalities of great arterial
walls 1in congenital heart disease. Light and electron microscopic analyses.
Circulation 2001;103:393-400.

12, Isner JM, Donaldson RF, Fulton D, et al. Cystic medial necrosis in coarctation

of the aorta. Circulation 1987;75:689-695.



13, Schaefer BM, Lewin MB, Stout KK, et al. Usefulness of bicuspid aortic valve
phenotype to predict elastic properties of the ascending aorta. Am J Cardiol
2007;99:686-690.
14, Niwa K, Siu S, Webb G, et al. Progressive aortic root dilatation in adults late
after repair of tetralogy of Fallot. Circulation 2002;106: 1374-1378.
15, Tan JI, Davlouros PA, Mccaethy KP, et al.Intrinsic histological abnormalities
of aortic root and ascending aorta in tetralogy of Fallot: evidence of causative
mechanism for aortic dilatation and aortopathy. Circulation 2005;112:961-968.
16, Cheung YF, Wong SJ. Central and peripheral arterial stiffness in patients after
surgical repair of tetralogy of Fallot: implication for aortic root dilatation. Heart
2006;92:1827-1830.
17, Dodds 111 GA, Warnes CA, Danielson GK. Aortic valve replacement after repair of
pulmonary atresia and ventricular septal defect or tetralogy of Fallot. J Thorac
Cardiovasc Surg. 1997;113:736-41,
18, Kim WH, Seo JW, Kim SJ, et al. Aortic dissection late after repair of tetralogy
of Fallot. Int J Cardiol 2005;101:515-516.
19, Rathi VK, Doyle M, Williams RB, et al. Massive aortic aneurysm and dissection
in repaired tetralogy of Fallot; Diagnosis by cardiovascular magenetic resonance
imaging. Int J Cardiol 2005;101:169-170.
20, Konstantinov IE, Fricke TA, d*Udekem Y,et al. Aortic dissection and rupture in
adolescents after tetralogy of Fallot vrepair. J Thorac Cardiovasc Surg.
2010;140:e71-73.
21, Chugh R, Child J, Perloff JK et al. Echocardiographic characterization of the
aortic root in adults with tetralogy of Fallot. Circulation 2001;104: 11-558.
22, , ’

2002;18:13-18.
23, Chowdhury UK, Mishra AK, Balakrishnan P, et al. Role of fibrillin-1 genetic
mutations and polymorphism in aortic dilatation in patients undergoing intracardiac
repair of tetralogy of Fallot. J Thorac Cardiovasc Surg. 2008;136:757-766.
24, Roman MJ, Devereux RB, Niles NW, et al. Two-dimensional echocardiographic aortic
root dimensions in normal children and adults. Am J Cardiol. 1989;64:507-512.
25 Shores J, Berger KR, Murphy EA, et al. Progression of aortic dilatation and the

benefit of long-term B-adrenergic blockade in Marfan’ s syndrome. N Engl J Med.



1994;330:1335-1341.

26, Gersony DR, McClaughlin MA, Jin Z, et al.The effect of beta-blocker therapy on
clinical outcome. Int J Cardiol 2007;114:303-308.

27, Engelfriet P, Mulder B. Is there benefit of beta-blocking agents in the treatment
of patients with the Marfan syndrome? Int J Cardiol 2007;114:300-302.

28, Nollen GJ, westerhof BE, Groenink M, et al. Aortic pressure—area relation in Marfan
patients with and without beta blocking agents: a new non-invasive approach. Heart
2004;90:314-318.

29, Ladouceur M, fermanian C, Lupoglazoff JM, et al. Effect of beta-blockade on
ascending aortic dilatation in children with the Marfan syndrome. Am J Cardiol
2007;99:406-409.

30,Habashi JP, Judge DP, Holm TM,et al. Losartan, an ATl antagonist, prevents aortic
aneurysm in a mouse model of Marfan syndrome. Science 2006;312:117-121.

31, Brooke BS, Habashi JP, Judge DP, et al. Angiotensin Il blockade and aortic-root
dilation in Marfan®s syndrome. N Engl J Med 2008;358:2787-2795.

32, Lacro RV, Dietz HC, Wruck LM, et al. Rationale and design of a randomized clinical
trial of beta-blocker therapy (atenolol) versus angiotensin Il receptor blocker
therapy (losartan) in individuals with Marfan syndrome. Am Heart J 2007;154:624-631.
33, David TE, Omran A, lvanov J, et al. Dilatation of the pulmonary autograft after
the Ross procedure. J Thorac Cardiovasc Surg 2000;119:210-220.

34, de SA M, Moshkovitz Y, Butany J, et al. Histologic abnormalities of the ascending
aorta and pulmonary trunk in patients with bicuspid aortic valve disease: clinical
relevance to the Ross procedure. J Thorac Cardiovasc Surg 1999;118:588-594.

35, Therrien J, Gatzoulis M, Graham T, et al. CCS Consensus Conference 2001 update:
Recommendations for the Management of Adults with Congenital Heart Disease - Part
Il1. Can J Cardiol 2001;17:1029-1050.

36, Stulak JM, Dearani JA, Burkhart HM, et al. Does the dilated ascending aorta in
an adult with congenital heart disease require intervention? J Thorac Cardiovasc Surg.

2010;140(6 Suppl):S52-57.

37, Mongeon FP, Gurvitz MZ, Broberg CS et al. Aortic Root Dilatation in Adults with
Surgically Repaired Tetralogy of Fallot. A Multicenter Cross-Sectional Study.
Circulation. 2013;127:172-179



. Tetralogy of Fallot
Tetra 4
Tetrology
Tetralogy
Heart Defect

= VSD

Tetralogy of Fallot Niels Stensen (1638-1686)
a.k.a Nicolas Steno

1671

Ettienne Louis Arthur
Fallot (1850-1911)

* Embryo monstro affinis Parisiis
dissectus. Acta med. Philos.

Hafniensa, 1671-72,1, 202-03.

Stensen

A.FALLOT 1850-191

Sandirot Eduard (1743-1814) Thomas Bevill Peacock 1812-1882
Dr. Sandifort 1742-1814 . Observationes ¢ On malformations, etc of g
; the human heart.
anatomlc_ae— London, J Churchill 1858
pathologicae Vol.1
Lugduni .

Batavorum.Pv.d Ehk&D
Vygh 1791




Fallot

* Fallot 1888
. 40 A 2
|
. Ny
A.FALLOT 1850-29m °
Tetralogie
* Fallot 1888 . 1895  AndreMoussous Fallot
2 tetralogie de Fallot
« 1894 1895 Pierre Marie Charcot-Marie-Tooth
« 1905 ManuelA. Santas
Estudio Semiologico de las Anomalias Congenitas del Corazon tetralogiade
Fallot
Horacio Pinero 1899 VSD
tetralogiade Fallot HoracioPinero  Pierre
Marie
« 1921 Traite” des Maladies Congenitales du Coeur

tetralogie de Fallot

Moude Abbott (1869-1940)

The mother of conge al hea

The original Holme’s heart
« -

20

Moude Abott



