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Clinical Review about Corrective Surgery of Tetralogy of Fallot

Kwang Hyun Cho, M.D.", Youn Ho Whang, M.D.", Yang Haeng Lee, M.D.’
Jong Weon Park, M.D.", Shin Hyun Jung, M.D.", Kang Joo Choi, M.D."

The surgical treatment of tetralogy of Fallot (TOF) was initiated by Blalock and Taussig
in 1945 with the establishment of the subclavian artery to pulmonary artery anastomosis.
In an imaginative and daring effort, in 1954, Lillehei and collaborators (1955) using con-
trolled cross-circulation, carried out the first intracardiac repair of TOF by closing the ven-
tricular septal defect (VSD) and relieving the pulmonary stenosis under direct vision.

Nowadays, total correction is the ideal operation for treatment of TOF and is acc-
omplished with extracorporeal circulation. And the results of surgery for TOF have ste-
adily improved over the years, thanks to important contributions of many surgeons. Nev-
ertheless because of its protean physiologic and anatomic presentation, TOF continues to
offer challenges to cardiologist and cardiac surgeons,

Thirty two cases of TOF have undergone total corrective surgery using extracorporeal
circulation in the Department of Thoracic & Cardiovascular Surgery, Pusan Paik Hospital,
Inje University, from Oct. 1985 to Feb. 1990. Cinical considerations were applied to these
cases and the results were obtained as follows.

1. The heart lung machine used for extracorporeal circulation was Sarns® 7000, 5-head
roller pump, and the number and type of oxygenators were 10 of bubble type and 22 of
membrane type. The mean bypass time was 148.9 minutes and the mean aortic cross clamp
time was 123.8 minutes. The GIK (glucose-insulin-potassium) solution was used as car-
dioplegic solution for myocardial protection during operation.

2. 20 cases were male and 12 were female, the mean age was 8 years old and the mean
body weight was 25Kg.

3. The preopertaive symptoms were cyanosis (29 cases), squatting (27 cases) and etc.
The mean values of preoperative Hb., Hct., and S:0: were 16.5 gm /dl, 50.3%, and 78.5%.

4. Combined anomalies were noticed in 16 cases (50%). Among them 10 cases were PFO
and 6 cases were ASD.
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5. The degree of aorta overriding were 25% in 5 cases, 25—50% in 22 cases and above
50% in 5 cases. The Dra/ao (ratio of diameter of pulmonary artery trunk to ascending aor-
ta) were below 25% in 5 cases, 25—50% in 10 cases, 50—70% in 6 cases and above 75% in

11 cases.

6. The types of RVOT (right ventricular outflow tract) stenosis were valvular and inf-
undibular in 14 cases (43.6%), diffuse hypoplastic type in 12 cases (37.5%), infundibular in
5 cases, and valvular and supravalvular in 1 case,

7. One stage radical corrective surgery was applied to the all cases. In widening of the
RVOT, 3 types of patches were used : MVOP (monocusp ventricular outflow patch, Pol-
ystan Bioprostheses®) in 3 cases, knitted Dacron vessel patches in 2 cases, and double lay-
er with bovine pericardium and woven Dacron prosthesis in 26 cases.

8. Postoperative complications were occurred in 15 cases. Among them, low output syn-
drome were occurred in 10 cases (31.3%) and 2 of them were expired postoperatively.
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415‘1‘1‘)-% ANg & ERTAA &3 h
S A% ATLCHiZE= Sarns 70009 5-
heaf roller pumpoll & 1{t 2%+ bubble oxygenator(10
@) 49 membrane oxygenator(228])& A}-&-&t3 )
A ¥ 7] FEHEHE (priming solution)& ¥r#kim %, Har-
tmani, Mannitoliii Soll E#MER(KC], CaCl,
NaHCOs)-& 43o] hematocrit 25—30%% # 3t
i ##: (hemodilution) & & &3)a] Wz v)A
MAANFI =S st o) F A 2la3d Hetxl7) 60%
o] ol AT 108 o M= il FEWH O Z Al &kt
FeE2 daddA gy Ek YRR MM A e
g 3 EmAE 2 %) 5o
e it 4% }4’ A (superior

& inferior vena cavae)ol] A Ystd+d AN

-5he

(arterial cannula)

(venous cannulae)& 4 2

HLEEE s, sl2AWe HLRETES 3
Akglsldel. #4144 vents SAFEAW S B3lo]
Aol AdEhe f3e E—.éi& > 1} 71 Abel ol whEba
el M= wt2 g4, E TEel M= A4 ¢ 3t

A4 2% ventE A s Tk
NS 93 RIS A
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ery) HIeHS 50—100mmHg2 =8ttt AbA 3
Y2 A3 NA < E‘]—;ﬂ waake] [ gulE A
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Table 1. Summary of cardiopulmonary bypass

gt AbstzIuie] Ab4 HQbe) 200mmHgAE HES
2139t} membrane oxygenator& o] &3} A-$-
o= CO2ol ¥Fel FAld 792z gHF7]
(compressed air) & gas blenderZ o] &3l Ak 3

et} #% (cannulation) 5 # &) &Fo 2 ofr)H
2 dHgnE odatr] 913 heparine] e
thew Ak Mol AlE Kg?d 3mgE CVP lines 53¢
of g F]letn A Fof E A Aol wpe} 14)7H
opoh M kel whaks Fr pAMEH oW Ay A
dof| AbREHE 2MolE 1 pint & 30mgS AU} 4
%ol F1E 2% F EE cannulavt AAY g
heparin A}8 FaFo] 1,54 A o] g0 2 protamine
& BA W3 T2 A heparing A7t} A

)3 A7k A3 2334, HA 10402 H 148,
9% °] I s AT FH A 75RAM Hu
160+ 2.2 4 123.84 oA tH(Table 1).

Fe L%iﬂ 2 A AZRTE 98t AYad
& B8 2 HiRBiRE: (core cooling) 3 G&-3 WSS
o] &3t AlAarAd ZhW (topical cooling), hypoth-
ermic blanket& o]-&% FTHY 7Y (surface coo-
ling) ¥ 4c2l ¥zt 4 A AN (cold cardioplegic sol-
ution) <l GIK(glucose-insulinfpotassium) el wAy
FHARHE E83te] &S LY F, A2

ﬂ%@ﬂﬂﬂ%%%iqﬂ@““¢%°zﬂii

Pump
Oxygenator

Hemodilution
Perfusion rate
Blood pressure
Body temperature
Cnnulation sites
Arterial
Venous
LV vent

CPS line
Total bypass time. mean+S.D, (range)
Aortic clamp time. mean+S.D. (range)

Sarns®

Bubble type (10 cases)

Membrane type (22 cases)

Hct. 25—~ 30%

2—2.51/min /m? body surface area
50—100mmHg (arterial mean)
30—20C (nasopharyngeal)

Ascending aorta

SVC & IVC through RA

LV through right SPV and LA (22 cases)
LV directly (3 cases)

double vent (7 cases)

Root of aorta
148.9+31.1min (104 —233min)
123.8+25.8min(75--160min)

SVC : superior vena cava, IVC :

CPS : cardioplegic solution.

inferior vena cava, RA :
V : left ventricle, SPV : superior pulmonary vein, LA :

right atrium
left atrium
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wEsgeh B s A ALE§ GIK #-2 5% D/W
1000cc, KCL 20 mEq, Insulin 10 unit& #%#HZ &t
25% albumin 100cc, NaHCO: 8.4 mEq., betame-
thasone 100mg $< 4o pH= 7.8, osmolarity &
340mOsm /17} ¥ =& 3t tH(Table 2).

Ao FUE A8 ABLE 2YBL HEH 7IA N

BE 1.5-2.0cm Azel Hx gasdey FUF

& 7o g AFE kg9 20ccE, U # 3089ttt
FAHFCZ AF kg 10ccE F7F FH3A

e B Hay KB Jnt BEGA(nas-
opharyngeal) %8 30—28C=% "ojzed F$7H10
g, 28°C olsle) EHp KifkS &3 B9} 224
Aok

BRE BR

gate A7k 208, A=t 1242 @ ke
m A D 154004 H3 0A7tA R B 204
Ao, Hze HF gkgeln HI 64.5kgew HF
22kgo] ¥t} (Table 3).

-~ X = o S 5 [SIRC]
£ FHoEE AT, A BT, UEY

o

Table 2. Composition of cardioplegic solution

5% D/W 1000 cc
25% Albumin 100 cc
NaHCOs 8.4 mEq.
KCI 20 mEq.
Regular insulin 10 unit
Betamethasone 100 mg.

Osmolarity : 340 mOsm /1, pH : 7.8

Table 3. Age & Sex distribution of Patients

Sex
Age Total
M F
1—- 5 9 6 15
5— 10 3 2 5
10 — 20 6 3 9
20 — 30 1 1
30 — 1 1 2
Total 20 12 32

A, squatting % FAMA
ol HMFo] gle

W ol AdsEd kg
A9 pink TOF7} 28 Aot

(Table 4).

£ FoAstE ool A FA LA, svpEAYEX,
Ty Ah ¥3l% X 247] o] 16.5gm /dl, 50.
3%, 78.5%% veh 2 th(Table 5).

Zarg A™ 7182 168(57.1%) o4 LA A
= PFO~Z} 108 ASD7} 63l 4tk Table 6).

p
o5 ]%(overrldmg of aorta)e]l HL = 25%

%7} 224, 50% o] ’Fo] 5all =,
f\L{IfO]"/}T & 4 = 75% ol A
°] ZBﬂ 2191 tH Table 6).

Table 4. Preoperative symtoms

Symptoms No. of Patient %
Cyanosis 29 90.6
DOE 20 62.5
Growth failure 17 53.1
Squatting 27 84.4
Anoxic spell 4 12.5

DOE : dyspnea on exertion

Table 5. Preoperative hematologic data

Items Values(mean=+SD)

Hemoglobin (gm /dl) 16.5+74

Hematocrit (%) 50.3+ 8.12 .

Sa(? (%) 78.5+ 8.02
SaQ: : systemic arterial Oz saturation

Table 6. Combined anomalies and degree of ove-
rriding of aorta

Items No. of Patient (%)

Combined anomalies

PFO 10(31.3)

ASD 6(18.8)
Degree of overriding of aorta

- 25% 5(15.6)

25 — 50% 2(63.8)

50 — 5(15.6)

PFO : patent foramen ovale
ASD : atnial septal defect.
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Axg A F i Ed Ao HAE A5
A B} Drasno(H B 23] ZHNEY] 27
e w7 25% olstrb 5#, 25-50%7F 108,
50—70%7} 68, 75—100%~7} 63, 100% °]do] 53
A= LR 3 (transannular patch) & I g 2 3}

£ 30% ol3te A7) 1281(37.5%) 2 YEytod
100% ©]4¢] 739+ post-stenotic dilatation o & o]
A tH(Table 7).

SAAFEEEEY S I R FEREH(val-
vular & infundibular)e] 14#1(43.6%) 2 713 &st
I @ D SRR Yt Y] PuE A
$-(diffuse hypoplastic type)”} 1281(37.5%), +%

Table 7. Ratio(%) of diameter of pulmonary trunk
to aorta (Dpa/ao)

Ratio (%) No. of Patient (%)
below 25 5(15.6)

25 — 50 10(31.3)

5 — 75 6(18.8)

75 — 100 11(34.4)
Total 32

Table 8. Type of RVOT stenosis

Type No. of Patent (%)
Valvular - ( 0.0)
Valvular+supravalvular 103D
Infundibular 5(15.6)
Valvular+infundibular 14(43.6)
Diffuse hypoplasia 12(37.5)
Total 32

RVOT : right ventricular outflow tract

Table 9. Operative methods for RVOT stenosis

23 & (infundibular) ¥ 9l& ZA$7) 58, B € A%
= 7+ ZH(valvular & supravalvular)©] ﬁlt“ 257}
18 on B Pag AR A= AUk (Table 8).

FE< SALAFEEER A= el o}
d3] Agstdd b FFEAEA re R RVOT g%
o] Add ZA-¢r} 18 Holdxm YA s H
#HE o] 4% RVOT g+ Al=stch

A AN S AYE F RVOT ste-
nosis AN E Al F53 9 septal and parietal
band®} aberrent muscle band& # &3] HA|st2 H
s HEgwze] e wat deUdud gy
& EL As9n AAsE Ao HEAaE
5o Fato] At HF e HAF o] e ALl
= $HEENAE A8l trapsannular patchE
Kag Ful g e

NAZHAEFZL =5 Woven Dacron 24 H
HEAstHon BALE= 4—0 Prolene AFE-3HA
‘3} Furd PFO &2 ASDy $ENE Fdlo &

deEdetdch

RVOT &dlo] A28 A= =5F oA ed &
A 50kg ol4te] Alel 3A & Al transannular pat-
ch# $w+Eold 91+ MVOP(monocusp ventricular
outflow patch)& A-&3te &% HEUAHEHS
Zo|=E 3|t e x| 9# 9] transannular patch
% 289l A+ Knitted Dacron ¢1 23 38 Zalr B
5931, 73894 E Dacron(¥+ g )3 Bovine per-
icardium(R ) 8] —EAE ol §3HoH 4o =
e FH(19) MM E dRrEol —HAE ol &%
t}(Table 9, Figure 1).

%5961"&91 Al $AAZEo R

A TERE T2 A= &

Method for RVOT widening

No. of Patient No. of Mortality

Infundibulectomy only 1 -
RVOT patch widening .
without infundibulectomy* 1 -
with infundibulectomy
RV only** 18 _
transannular* 12 2
Total 32 2(6.2%)

RVOT : right ventricular outflow tract.

*pulmonary valvotomy combined, ** Among them, pulmonary valvotomy combined in 12 cases.
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(2)

Out, layer(Dacron)

Knitted Dacron
vessel

(3)

Fig. 1. Types of RVOT patches which utilized in Pusan Paik Hospital, Inje University.
(1) MVOP (monocusp ventricular outflow patch. Polystan Bioprotheses®),
(2) Double layer patch(inner bovine pericardium, outer Dacron),

(3) Knitted Dacron vessel prosthesis.

(Ao : aorta, PA : pulmonary artery, RA :right atrium, RV :right ventricle, LA :

left atrium, LV : left ventricle)

Fo] 49 F7]¢) Hegar $3718 34502 A4
sel WAAAS SrAGET 24m Vol 183,
2ol ge 2057 A el EAHES sgw A7)0l
REEA) RE e o] 4HS o] 4 B A=Y
.

RVOT ®#e] a4 dAFol wgsts 4eIM o
2} AF vol e 2PSHAT. wY Fo 44
S371%k0] AWtel 80%olstelm -3t HF oA}
slol FEA7t SommHg olahel Aol wEY

a3 oue FEFHFL 15894 A=
A& F o] 1086A Gt AL gren
AR AZ Y SetiEs Jebd 297t 8, HE,
HAG, A Fo] 7 5o A RSP o o] F 14
= 71BN & 52 A=HAY T[E o
A9 s, BF, FEIFE2 Fo §H Il AN tra-
nsannular patch& F2Hg 28] (24 &, 24 «)eA
FEF AALEFoR AMYstd FeAltES 6.3%

Table 10. Postoperative complications and mor-

tality
Complications No. of Patients (%)
L.O.S. 10(31.3)
RHF with pleural effusion 8(25.0)
Lung edema, Respiratory failure 5(15.6)
Pneumonia 5(15.6)
Empyema 1( 3.1)
Arrythmia 5( 5.6)
Wound dysruption 3( 9.4)
Typhoid fever 1( 3.1)
Death 2( 6.3)

LOS : low output syndrome
RHEF : right heart failure,

g tehhach
£ B
TOFe $414 5o $8345 4454 £5

3 (conal septum) 7t §7 2 il 3OS 2 E parietal

extension®] & Ao] Aot} FFF FAHY HE
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A7 G olo)5 L squatting(R1a 1 &) F

oz AERYURE FUIAAFOR Fagrel 2 e}
YR e AR Aok Squattinge] HEES &
AdFe avte ol AAE A s wxEH A
&g Z7HA91 D VSD ILg 53 ¢agaEs 243
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of
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¥ W
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