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— Abstract —

Factors Influences on Early and Late Results of Modified Fontan Operation
Byung Chul Chang, M.D.*, Young Hwan Park, M.D.*, Bum Koo Cho, M.D.*

Between October 1979 and June 1986,, modified Fontan procedures have been performed on 22 patients
by the Department of Thoracic and Cardiovascular Surgery, Yonsei University College of Medicine.

Twelve patients had tricuspid atresia; one, congenital tricuspid stenosis; five, single ventricle; two, -transposition
of the great vessels; one, double outlet right ventricle, and one, pulmonary atresia with an intact ventricular septum.

There were 9 operative deaths (mortality; 40.9%). The causes of death were right heart failure in six patients
and pulmonary venous hypertension in one who misdiagnosed preoperatively. Another two were deceased
due to sepsis and cerebrovascular accident at postoperative 35 and 34 days in each.

There were 7 patients below 4 years of age at the time of operation and among them 4 patients were deceased.
The operative death was not related with patients” age above and below 4(p=0.211).

The relation between operative death of tricuspid anomaly and another cardiac malformations was statistically
significant (p=0.048). The operative procedures with or without valved conduit (woven dacron) was related
significantly (p=0.043) in the case of the 21 of the patients, but the modified Fontan operation with a valved
conduit was performed early stage in this series. Since 1982, we operated on 4 patients, doing a right atrium-
right ventricle anastomosis without a conduit. All survived and remained in functional class | (NYHA).

The right atrial pressure (RAP) was elevated significantly after operation (mean 9.9+4.8—16.9+3.6 mmHg,
p<0.007). The relation between the postoperative RAP of the survival group (16.5+4.3 mmHg) and the group
who died (17.4£2.2 mmHg) was statistically significant (p=0.047).

There was no relation between any operative death and any previous palliation.

All patients were followed for 4 months to 80 months, except one who was lost to follow up at 2 months
following surgery {mean 11.4 months, 238 patient. months). All were in functional class | with 5 on medications
and 7 not. One was reoperated at 70 months following the first operation, due to conduit stenosis. She was

moderately impaired in activity, with hepatomegaly after the second operation.
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* The Department of Thoracic and Carciovascular Surgery, Yonsei University College of Medicine
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Table 1. Modified Fontan Operation — Tricuspid Atresia

Associated Anomaly &

Mode of Continuity

Patient Age Sex Previous Operation for Correction Comment

1 10yr 11m F ASD(2), VSD, PS RA-MPA with Redo on 1985
Type Ib Valved Conduit FU 70 months

2 byr F ASID(1), VSD, PS RA-RV augmented FU 38 months
Type Ic with Dacron

3 9yr 10m M ASD(1), VSD, PS, PDA RA-LPA Hospital
Type Illa death

4 12yr 1m M ASD(2), PS RA-MPA Hospital
Type IIb (retroaortic) death

5 12yr 5m M ASD(2), VSD, PS, PDA, RA-MPA augmented FU 15 months
S/P B-T Shunt, Type Ib with Dacron

6 7yr 4m M ASD(SV), VSD, PS RA-MPA FU 12 months
Type LIb (retroaortic)

7 16yr 10m F S/P Fontan Operation RA-MPA augmented Redo-Fontan
Conduit Stenosis, Residual ASD with Gore-tex operation

8 4yr 2m M VSD, PFO, PS, S/P H-B RA-MPA FU 5 months
operation, B-T Shunt, Type b

9 2yr 8m M PFO, PDA, PS, RA-PA with Y-Graft Hospital
S/P Aorto-LPA shunt, Type IIb (Dacron) death

10 2yr 8m M ASD(2), VSD, PS RA-RV augmented with FU 5 months
Type Ic bovine pericardium

11 3yr 3m M ASD(SV), VSD, PDA RA-MPA augmented FU 4 months
S/P H-B Operation, Type IIIb with bovine pericardium

12 lyr 7m M VSD, PFO RA-RV augmented with FU 4 months

Type Ilc

bovine pericardium

* Anatomical type by Edwards and Burchell.
B-T: Blalock-Taussig, H-B: Hanlon-Blalock, FU: Follow Up
Other abbreviations are the same with that of table 3.
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Table 2. Modified Fontan Operation—Single Ventricle

Associated Anomaly &

Mode of Continuity

Patient Age Sex Previous Operation for Correction Comment
1 3yr 6m M ASD(1), VSD, PS, RA-MPA with Hospital death
Single A-V valve valved conduit (POD#34, sepsis)
Type A(I-TGV)
2 lyr 9m F ASD(1), VSD, RA-MPA with Hospital death
Single A-V valve valved conduit
Type Ad-TGV)
3 4yr 5m F ASD(1, SV), VSD, PS, RA-MPA FU 26 months
Single A-V valve
Type A (d-TGV)
4 5yr 10m F ASD(2), VSD, RA-MPA Transient
Type A(d-TGV) junctional rhythm
FU22 months
5 5yr 5m M ASIDX(1), VSD, PS, TAPVR, RA-MPA augmented Hospital death
Single A-V valve with Dacron
Type B (d-TGV)
Table 3. Modified Fontan Operation—Other Cardiac Anomaly
e e Se gelenblo o MeeoOmimi o
1 9 yr 5m F TGV(SLL), PFO, A-V RA-MPA with valved Hospital death
canal (Type C) conduit
2 2 yr F TGV(SDL), ASD(SV,
PFO) RA-LPA Hospital death
Juxtaposition of atrial
appendage, PS
3 5 yr 4m M DORYV, ASD(1), VSD, PS, RA-MPA and RPA POD#3 renal
Criss Cross heart failure-PD
FU 2 months
4 7yr2m M Pulmonary atresia,
ASD(1), RA-MPA with valved Hospital death
RV hypoplasia, S/P Aorto- conduit (POD#34 CVA)
MPA shunt
5 6 yr6m M Tricuspid stenosis, VSD, RA-RV augmented FU 25 months

ASD(2), PS

with Dacron

Abbreviations, ASD; atrial septal defect, PFO; patient foramen ovale, SV; sinus venosus VSD; ventricular septal defect,
PS; pulmonary stenosis, PDA; patent ductus arteriosus RA; right atrium, RV; right ventricle, PA; pulmonary artery,
MPA; main pulmonary artery, LPA; left pulmonary artery, DORV:; double outlelt right ventricle, TGV transposition
of great vessels, FU; follow up, PD; peritoneal dialysis, S/P; status postoperative
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Table 4. Previous Palliative or Corrective Procedures

Procedures No. of Patients
Blalock-Taussing shunt 1
Modified Blalock-Taussig shunt 1

(Woven-Dacron)*
Aorto-Main pulmonary anastomosis 1
(Gore-tex 5mm)*
Aorto-Left pulmonary anastomosis* 1
Hanlon-Blalock operation 2
Modified Fontan operation 1

(Valved conduit 18mm)

*: A patient operated two procedures with Hanlon-Blalock
operation
+: Surgical death
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Table 5. Hospital Mortality According to Cardiac Anomaly

No. of Death Mortality (%)

Anomaly No. of Patients
Tricuspid Anomaly 13
Tricuspid Atresia 1

Congenital Tricuspid Stenosis
Other Cardiac Anomaly 9
Single Ventricle
TGV (1 -transposition)
DORYV, Criss-Cross Heart

Pulmonary Atresia

—

— = DN

3 23.1*
3 25.0
0

6 66.7*
3 60.0
2
0
1

*. Fischer’s exact test, P=0.048

TGV; Transposition of great vessels, DORV; Double outlet right ventricle

of X*HAAA(X?=6.28) P=10.043 02 oty 3
3 T3 Al Ho] FAIA R fo3) APHG-2] Aoy}
et zely BRHRAYER FE Tl 5
AbLE]o] £A43 9ost g aneelet A ztge}

% Fontan 2G4 s
6 71x19] 44 viorch (28 4). 55 o -
ol glapda sl Ee - Ho 5w e s
2 2z 19 Abgsielel, & osHElF 24 Ak
A A & Aolzl el

T TR
=2 a2AlA E=
o

e B

shol

qy En

YEHA 1335 HA AYelA Hz 633 8A4Y
AA HE 114 %9149 FA24 sk, FAEA

BAF AL YT ol F 1A 2AY FAx
AF FAANR oY AES Bl Rek A2 B3}
B3 % lelE £45 59 104Ye] 254 24T,
A% SeotaE

EL 7&’&“1“1# wubs]of 7 AL 3} s
55 of ZREgteo R Axts o
AL8E gpubo] WA slg]
32, woven - dacron Q129 FHoj “J*“ St W A 254
o] shfol]l Hslslo] g a4 Mch(2™ 1),

NrEd 104Y7) 4243 P HI- Digoxin#} Las-
2 2 a3ty ¢l o Functional class I Al g},

vl x] 1a Bl fA AR At Aegk b
b 98-, 5 Functional class 1 AefZ 7 73}
o, o] 5% SulollA olmA wE EET HF
in) 7t WPEL Folct

3y el
=18
o~

A5

ac)

X =

4l ( Digox-

— 574

g1, 4

Al ) 5
} (Valved conduit,

A Z S B A AR A
How Hancock 18 mm ).
Woven dacron graft ol peel 7 B sl =

A % 4 gl

ot

1

g zlgol Byt A L=les WY
2 Fontan % Baudet(1971)
AW ] Fo S 25t

o o

| FA g L
Fogt ey A0F derkA
WMo gho] mbdvylo] girh Kreutz 9 Yacoub™®

AR ol abe] YD

2

2

T
—

-
ey ol ¢

o o

f
i

o]
4

e Z
<]

akA ks

ofN o T

o] (Right atrial appendage)ﬁl} -4 Bl Rlo] 5

o S e G Rlol Al RSt

T@sted sk 2% S44AR SR
;, o

tlet cavity)e] 9+ A%

J“-‘LDI e Q.



Aol EEsfErigto] Bho| ApgEglo b 1970%

ez gtete] grAql Hd HiE e R Uil 9
Z3ehR 49 dacron lx¥ate] ol Ag4IE §l
opth IO et abgs] gietel ) Qlad gheel ¢l
EAA ofe] FA4So] 2s] 1981 Doty w20 &
AD]

L 7F “%1 %473 ARE Badct
Fontan 4 Sl HolH el Mol A} R5
gutke) ‘“3—3—"1 E ob# % malol of4bo] Hla 9lcphdT

9,12,13). Fontan x:lZ)oﬂ Q' °]’[H R]_,HO' 'T"’ O]_ X<]—~ 6

ﬁ Hl - gﬂ E_mj‘) 2] G‘;’L

G4 BRI BB A % &

5 apolol Agatglon, 2 ol F ok 90wl 4yt
I &

AE FRel A SHEAYe] EE S-S Y Hety
ersteh, A SEAEe Wy g Ageh 22

FEA B Azte] £8¥x shd g ARRER| ook

1 §k=l4
(% - ol
A A SF e Agol UA 4 Hol vl o
o Aeat ow Yrstol At gL @obg
AF 319 cta gt

AAPEO. 19795 E 1982132744 5#)2] W& Fo-
ntan < <-,<>ﬂ b a3 ¢ wh(valved conduit ) g o]-&
st o & SEH AoF Exlekot ol o)t b
AbgShR obm Al -sE F g ol &ete] b,

198413 o ol = 44 FEE QAo 2x

o

# &

o gh-Fo] F2| Y Af o] 2H Yol dacron
9l Z& 3} 4= § 4} (Bovine pericardium)-& ] &3}
S - A FFES 2YStA Y. W Fon-
tan 59 A#AEM FEATES A4 A
2 oo gl 93 Y Gr)ide] whel vha Aolvb 9l
o} Al 7.2%~60.9% & AluFEo] of & & Ak
Fge] shpept I ey o g A abgat vk
B padehe dA g SR AT 2
W6 YUk FEALTES 28.6 % & 19831 o] M7}

vl sk o FEskal A, el ¥ e -5 8
Aol syor FEY Tk FA4E B Fu A
Fontan¥ %7 3= 473 Efol ozt o -9 x].o]
7b gl YubA o R abs] b A AT A5 FEatb
3 °l 11%~13.8 %% vl 24 o}& A7]gel ulal A
Fgo] o sojv B4 7)d el 4§ Fontan 52
H2 S Fop P AAES AME iAo R

AL
AR solt FHE @Al FEAtEel 25

o

oR
) 03, e

— 57

% Aub HFAFPAN A= 60 %2 WP EAth A AE
o) Az} ggubelel wel Grialitiel o] 7k B kTl
- 471 J; )l 4503 R ,0_ "]’9‘9},{“‘ 531”.(5 4;"7]. ,q.ul

gl ch (P =0.043). S Ay
Laglofl 4 3= ok 6d ol ofa] et o mabd W A
(Intimal peel) 2] dA s sluhyg4ol wpiz g AF5o
b xlo} 2 w13 Fontan 755 Aldstgdoh, ubd
oroked 16allell4]iz 4 alutol
1S4k eal Fehe AR 4]
0 47 ol A z
o.gko] Lasixub-g Abgg 8 W
A @% Tof %3 Fol# w4
2 QA Aol fF S8 £
gterdae =t AREA

o st g gl

(R

G olF AS

WY B ALgErA

°l th BAY FAx

g

2p7} OO_?_.UF _t,,

Ep]
shub Ay w32 7 4 #o] woven dacron 2.2 o
2l w3 9ok 44 2]23 9] Raste-
1li 54X v} woven - dacron-Z o] §3F Fontan 49

A4S ol wMud) ol zd g AHSgo e g ol
sl S 2 A Aqkabe ol s Fael QHbg vhebs] A
vl e} g7tsiet, Rastelli o0& “] 2R e e
gao] x)r}r] wfj-Foll Fontan 7%
o} oA o4 o] 98 4 Yo} F ey BT i) A
sHg A zbste] & Ar)e] =g A2 fraokell AHEsH
= A A FEel ofd el skedE wiAT
gleh,

A 718l o] 9% Fontan %7 Zol
WA= 25 Shbc, Ao 25 d-
e e mE FdeAe] el B8 16dE 5
dlzh AbgEt g, £- Aol Ag 6 47 AR
o, SAdes fol4dL Ak (P =013 $4%
olo} Full Falzfel Sh4-sA Yo wet FE fol

EENE =S R LET em. g Fuahol Fo

Aol A Expoi

R

ubs o

_—
2 =F

r°" O}H
]

7t “"L‘/‘l
5"”31 HyoAls 29# e Fontan 4% 8% T4
2. Mulete] 20mmHg ol A oAl A T E 44
7t Abgslg e, AR oA I rRZERE AET
FHd AUl vl AFgTelA
Aoz HolaA (P =0.048) U AL

o Fol B4 E F F A Llol ANEA 5

-ion

o

FA kel &4

© A -

Rt



FApEel Fa7h AN 54T 4AY A

.
5190 Fontans4 A% A%, FEF

Choussat 5 ),
-~ - . -
R GRS o= A mxld wha doha 47

fdoh AAES] A4e a3 gkt 224)% T
ool wEF Abggash 4d olel AbgEo) 57.0%
G, Aol Aol AL 15a5 Sl v} Abubsie] AR
o] 33.3% % v o)zt Aot HAA welyat ¢l
Qeb(P=0.211). o} 44jold} Ap3al au)

d 7} Fontan <=4 Z7)o] Ierdatd $319 ALSdlw]
ARl v o] sk Al F o] Fieln o

75 uk=Al ol AR ot

%

wulslol ot g5Hdch FEAT S5re 7held Y
3|25 glch, Alboliras £ 7 Behre-
ndt®” 52 FEH FA4YW A= AA vk ohdel
3 gl 53 Alboliras 5 & 44 a4l At
7 2ajolA ANtERNE FEF HE5YATE Ma
—C:‘f}‘ Kel

9 7rolsled Fontan 4o} v % 34 =) 4=

R

32

Fontan %% YA ZA 3+ Fontan 5

2] Fontan s=%0| zAA e nsle] oF

10- 1572 3hzboll Al Hud38] v Vo A
[s]

g Eo] 4gut

=12 o] A} 7] 34

=

T ALE o F Ak 2 94 o T

H 2 dxyar dFdzAdget ARl e g2
apol7b Qlep» 12718 - o Fontan Hol !l A&
St oA E YR A= gol Agetn i FFUE

W 2 HFGot MA 538 F. 4o A9 4} sl
37} vl s Xl o Aol AP -4 Fofl shutol
1)1 :\2.8_6- o A=
zZtEl o, el 53] Fokeld e febrlel o Hg o
o] 9lct Rastell 443} Fontan %o 3}7 ool
AEE R 7 B A% 2] SalollA AEE]
235 Woven dacron 232 #Ay| A A 2
MYl A Alolofl Tpull 9 AR A £EA ( pseu-
dointimal proliferation)oll == 24 (peel) 3843}
Ao M3k R WA o® 5uolel ot A

4% Ahap elaAgl

2} A ﬁ}-L!L H_ ';%Lfﬂ | = ;\dolg]_ )

2z J].nl

%% dok sk ALF Hasle] SO gl
197910 AF e 3R AS dwE4(Hancock
valved conduit 18mm)o] Fold <Fewld AHTESE
urokth olejdt AsE 9 Wit 485 A 4w
@ Fontan 449 ¥ oli}z} Rastelli $<4olx &
Aol mhg AAgalol she A =3 2Ae AR

A (pore) o] & Woven dacron Hche o454
microporous polytetrafluoroethylene 5-& AM&-s}& 7
o] wlatdsle] et A 7bE v 53] HatS o2 2o AR
of 3z el EF Apggte] mbstA

el . el s

4
rit

ol o) s FHels & 19793 104
A A -F 3ol A ¥d Fontan gl 4531

Ul 198613 6U7kA 22@e] MM ATIHAAM T
Al 5kl ot

1. FE55 Faol o abtel
% et
oAl ahol] w|R) = 8Qlo & 1983w stz H] A
7]01! Abetgo] ol AbabFo] 62.5% ¢l.ovt 1984

28.6 %% Ztasgich Arde & At
l Aol A A3 Shel A AbEol 231 %

H e BRACIE S 66.T%E A Rl
'%D}(P=0-048). FEF FAR Sl AET
(16,5 = 4.4mmHg) o] wla} A2 (17.4 + 2.2 mmHg)
o4} EAjdoR folaA (P =0.048) Egte} =3 4+
S o R PR Ay Eabg ARERE Fell4] ol
ooy (P=0.043) 2% 247 329}
44 o|at AY 3} FEAbETe] AL EAH R F9
gk &ol 7} glgdet (P = 0.211).

3. AESA 13dF el A S5 34YLA F4 4
Hotod ot FE5 SN AED Holsgdet 2
o 1245 2A 4ol 61 8MY FA XAl ok
QAZAAI AL FEHNTI B Lol 5 10
MY o] shubay w3te] Ao ofd] A Eg uigL
ot o] b XH~*r-—’§§r 0AHY 42449 NYHA
ZAsEF A% Lol St &2 115 58k ol
A ey o4l (Digoxin) Y8808 Fof Fo|n

)% R¥ AEPF Hmiel &qeh

9u 2 Apubiol 40.9

o o

od L Hl'
[ 3

44 5

o
=4

3

ko

T ‘5*]

— 576 —



2l

10.

11

12.

REFERENCES

. Fontan F, Baudet E: Surgical repair of tricuspid atresia.

Thorax 26:240-248, 19771

. Doty DB, Marvin Jr W}, Lauer RM: Modified Fontan pro-

cedure. Methods to achieve direct anastomosis of right
atrium to pulmonary artery. | Thorac Cardiovasc Surg
81:470-475, 1981

. Kreutzer GO, Vargas FJ, Schlichter A), laura JP, Suarez

JC Coronel AR, Kreutzer EA: Aortopulmonary anastomosis.
J Thorac Cardiovasc Surg 83:427-436, 1982

. Bjork VO, Olin CL, Bjarke BB, Thoren CA: Right atrial-right

ventricular anastomosis for correction of tricuspid atresia.

J Thorac Cardiovasc Surg 77:452-458 1979

. Carlon CA, Mondini TG, Marchi RD: Surgical treatment

of some cardiovascular disease (a new vascular

anastomosis). | International Coll Surg 16:1-11, 1951

. Glenn WWL: Circulatory bypass of the nght side of the

heart. New Engl ] Med 259:117, 1958

. Matsuda H, Kawashima Y, Takano H, Miyamoto K, Mori

T: Experimental evaluation of atrial function in right atrim-
pulmonary artery conduit operation for tricuspid atresia.
J Thorac Cardiovasc Surg 81:762-767, 1981

. Nakazawa M, Nakanishi T, Okuda H, Satomi C, Nakae S,

Imai Y, Takao A: Dynamics of right heart flow in patients

after Fontan operation. Circulation 69:306-312 1984

. Yacoub MH, Radley-Smith R: Use of a valved conduit from

right atrium to pulmonary artery for “Correction” of single
ventricle. Circulation 54 (Suppl! 3): 63-701976

Gale AW, Danielson CK, McGoon DC, Mair DD: Modified
Fontan operation for univentricular heart and complicated
congenital lesions. | Thorac Cardiovas Surg 78:831-838,
1979

SHAH %, xrak, 47 % : Fontan £419] X% 23
dlofl ghgh mA. of ShgHo ks x| 161342 - 348,
1983.

Fontan F, Deville C, Quaegebeur ). Ottenkamp }, Sour-
dille N, Choussat A, Brom GA: Repair of tricuspsd atresia
in 100 patients. J Thorac Cardiovasc Surg 85:647-660 1983

13.

14,

15.

16.

19.

20.

21.

23.

24E

Fontan F, Choussat A, Deville C, Doutremepuich C,
Coupillaud ), Vosa C: Aortic valve homografts in the
surgical treatment of complex cardiac malformations. |
Thorac Cardiovasc Surg 87:648-657, 1984

dA, G, A, 2T AAD AN S
%2 1. oete]ds]x| 23:814, 1980.
Deleon S, Idress FS, libawi MN, Rastegar H, Muster A), Paul

MH: Neointimal obstruction of Carpentier-Edwards valy-

A
N

ed conduit in two patients with modified Fontan pro-
cedure. Ann Thorac Surg 34:586-589, 1982
Deleon SY, Koopot R, Mair DD, Idriss FS, lIbawi MN, Muster
AJ, Paul MH: Surgical management of occluded conduits
after the Fontan operation in patients with Glenn shunts.
J Thorac Cardiovasc Surg 88:601-605, 1984

. Gale AW, Danielson CK, McGoonDC, Wallace RB, Mair

DD: Fontan procedure for tricuspid atresia. Circulation
62:91-96, 1980
olAldd, oZl%, &F4, olFA, AH 3,

JLA ’

A4, Az, o] F3k, o] A4 : Modified Font-
an A2 A§ 34, diFFA-9)vhots]A) 18:549
-556, 1985.

Choussat A, Fontan F, Besse P, Vallot F, Chauve A, Bricard
H: Selection criteria for Fontan's procedure. In: Anderson
RH, Shineboume, eds., Edinburgh, 1978, Churchill Liv-
ingstone, p559-566

Alboliras ET, Porter CBJ, Danielson CK, Puga fJ, Schaff HV,
Rice M), Driscoll DJ: Results of the modified Fontan opera-
tion tor congenital heart lesions in patients without
preoperative sinus rhythm. | Am Coll Cardiol 228:233,
1985

Behrendt DM, Rosenthal A: Cardiovascular status after
repair by Fontan procedure. Ann Thorac Surg 29:322-330,
1980

2. Kein JD, Rowe RD, Vlad P: Heart disease in infancy and

childhood, ed3, New york 1978, Mc Millan publishing Co.,
Ltd., p520

Jonas RA, Schoen FJ, Levy Rj, Castaneda AR: Biological
Sealants and Knitted Dacron: porosity and hostological
comparisons of vascular graft materials with and without
collagen and fibrin glue pretreatmens. Ann Thorac Surg
41:657-663, 1986



