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—Abstract—

Modified Fontan Procedure for Single or Dominant Right Ventricle

Wan Ki Baek, M.D.", Joon Young Choi, M.D.", Jeong Ryul Lee, M.D.’
Yong Jin Kim, M.D.', Joon Ryang Rho, M.D.", Kyung Phill Suh, M.D.

Between April 1986 and September 1990, 34 patients with a single or dominant right ven-
tricle underwent modified Fontan procedure for definite palliation in Seoul National Uni-
versity Children’s Hospital.

Their age at operation ranged from 8 months to 14 years (Mean 5.5 years). The ven-
tricular chamber was solitary and of indeterminate trabecular pattern in 6 patients. 28 pat-
ients had posteriorly located rudimentary chamber, all of which were trabecular pouches
having no communication with outlet septum,

The patterns of atrioventricular connection were common inlet(9), \double inlet (11), left
atrioventricular valve atresia (12) and right atrioventricular valve atresia with L-loop (2).

Pulmonary outflow tracts were atretic in 7 patients and stenotic in 26 patients. Major
associated anomalies included anomalous systemic venous drainage (15), dextrocardia (12)
and total anomalous pulmonary venous connection(3).

Shunt operations were previously performed in 13 patients and pulmonary artery banding
and atrial septectomy in 1 patients,

Surgery included intraatrial baffling in 26 patients, bidirectional cavopulmonary shunt in
13 patients, atrioventricular valve obliteration in 3 patients and atrioventricular valve rep-
lacement in 3 patients. Central venous pressure measured postoperatively at intensive care
unit ranged from 18cm H:O to 28cm Hz0 (mean 23.2cm Hz0) '

Hospital mortality was 35.3% (12/34), all died out of low output syndrome. Suspected
causes of low output syndrome include ventricular dysfunction (8), hypoplastic or tortuous
pulmonary artery (2) and elevated pulmonary vascular resistance (2). 19 patients had 31
major complications including low output syndrome (18), arrhythmia (4), acute renal fai-
lure (3) and respiratory failure (3).

Mortality rate was significantly higher in the groups receiving intraatrial baffling and
AV valve replacement respectively (p<0.05).

20 patients were followed up postoperatively with the mean follow-up period 15.0+11.6
months. There were no late death and follow-up catheterization was performed in 10 pat-
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ients. Mean right atrial pressure was 15.4 +6.8mmHg and ventricular contraction was rea-
sonable in all but one case. Thus, Fontan principle can be applied successfully to all the
patients with complex cardiac anomaly of single ventricle variety and better results can be
anticipated with judicious selection of patient and improvement of postoperative care.
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Table 1. Preoperative variables of the patients

(n=34)
Mean+SD Range
Age 5.5+3.5 8/12—14
Body wt(kg) 14.3+5.0 6.2—27.2
BSA(m') 0.62+0.19 0.33—0.95
Hb(gm /dl) 17.942.8 13.3—23.9
Hct(%) 55.0+8.1 42.2—65.3

Legend : BSA:;Body surface area, SaQ2 ; Arterial
oxygen saturation, Hb ; Hemoglobin,
Hct ; Hematocrit

Table 2. Preoperative catheterization data of the
patients(n=34)

Mean + SD Range
PAP(mmHg) 16.1 £ 5.7 6—30
(n=23)
VEDP(mmHg) 88 £ 5.7 4-17
(n=25)
PA index 266 + 104 117—-518
(n=20)

Legend : PAP ; pulmonary artery pressure, VEDP
. ventricular enddiastolic pressure,
PA ; pulmonary artery

Adle R EQAS 359 7tAe 32 54
Ae m% 27549 A4E 7HAA ge AFFT
(trabecular pouch) 2.2 o}&ojA Utk EX44A
& A 288 & 178 D-loopE o|F 1 UYen
78 & L-loop & o] %1 JAAH(FE 3).

WA gute] FL2E common inleto] 98], Double
inleto] 113, 2434 wats 47} 128, L-loopo|d A
Sz gutg 7 28 ek A &2 7dE
A g A= 2dRoer 18E AL vUrx As
AN 25 HER FE2 JF2AS 2AKE 4).
Fa Uy oz Ay FFe]R15), $4%(12),
FEAHA0), RAGAFB), THE NEFEB), ¢
2 QE5dZ(7), TAFY BRI AFIRE, A
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Table 3. Segmental Anatomy of the patients( I){(n=34)

Atrial Situs n(%) Solitary Two Ventricle
' Ventricle D-loop L-loop undetermined
Solitus 16(47.1) 6 10 1 1
Inversus 13(38.2) 0 7 3 2
Ambiguus 5(14.7) 0 0 3 1
Total 34(100) 6(17.6%) 17 7 4
28(86.4%)
Table 4. Segmental Anatomy of the patients( Il ) (n=34)
4 Pul outflow(%) AV valve(%)
" double Lt Rt
stenosis  atresia open common inlet atresia  atresia
Solitary Ventricle 6 5 1 0 5 0 1 0
Two Véntricle 28
D-loop 17 12 4 1 1 6 10 0
L-loop 7 6 1 0 2 3 0 2
Undetermined 4 3 1 0 1 2 1 0
Total RY | 26(76.5) 7(20.6) 1(2.9) 9(26.5) 11(32.3) 12(35.3) 2(5.9)

Table 5. Associated Cardiovascular Anomalies(n=

34)
No of patients
Anomalous systemic venous drainage 15
Dextrocardia 12
Common atrium 10
Visceral heterotaxia 8
PDA 8
Right aortic arch 7
TAPVR 3*
Cor triatriatum 2
Others 4

Supracardiac(1), Cardiac(1), Infracardiac(1)

(definetive repair)o] ¢4A 22l&S A3 A=
14812 A9 43.8%& A 3A). # E/5E 57}
A17171 9% Al B debe- 133 2] Fxlol A A3
A& o]F FH=wWH Blalock-Taussing ©&r&o]
8h Lo 71 Bdil B4 @& (central shunt) % 1
23 Uik

HAERF o) gl 134 35w okE(Pulmo-
nary artery banding)< A1"}% 24 A % (atrial sept-

ectomy) 3} o] A1 ATHE 6),
oo AN BFFRAAE Fajol AW
om AU A s d @ AdE e A9
o A4 ABsRen NP st sgy o
A A Awstel HES $4W &4 2
FAS
FEY AU A9,

FZ A9 %
(communication)©] & W= S W NPT

(<]
s

Table 6. Previous operations(n=14 /32, 43.8%)

No of 'patieflts

Shunt 13
Lt mod BT
Rt mod BT
Lt classic BT
Central
Atrial septectomy
PAB
Others

Total 22

Legend : BT : Blalock-Taussig,
PAB ; Pulmonary artery banding
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= 9o Fuiguo] H43 Ayl F3to] AYHNU
t} A9 sl HEWE HAEIAZRA FEI
utel sl m @ Ao} FUH A@H g ded
A1#+9] 4] (extracardiac procedure)E A3t
Moderate to deep hypothermiazt 213¢ AejolA
HEYS Adstn ngF A A AN (crystalloid
cardioplegics) & @53t HAAE F2AL F &
Alur 4] o] (right atrial auricle) & e} 448 47l
st At AH Y FYRE THE RF 7=
2 AFsAt 48] AN HE wY 4Ped
Agagon Hyrdel AR AN LA F
&8 A P3rach

oputal g 24 K-9(DIRV) 1131F 28lelA 3
Hy2e ANPFATHE 7). A4 bafflinge A
oA Gore-tex Tl HEE AgsHod (n=
26), bafflinge] Bue FA tie™ xhd-& Al st
HPA e FoluA x=HIUch Fontan &2
Kreutzer modification'®g 712 0.2 3l $4uk A
olo] HEWTARS HF A4zt 198 9] Al
A B Gore-Tex XU A9 HORE roofing
& Agaag. A9d FaE9e 43 3EEAG
Agsigon A FFo)FE HRAE &4 154 F
128194 o] AN A HEHE AZAsc Cavop-
ulmonary & A =35 cH%E 1),

Al 7] olgF o ARHYE FF& B4 Eaa F
28 wulyy ASE 382 2% ARt A7

Table 7. Concomitant operative procedures(n=34)

No of patients

Intraatrial bafflilng 26
Shunt take down 13
Cavopulmonary shunt 12
Lt SVC to LPA 3
Rt SVC to RPA 10

AV valve valvuloplasty 4
Valve replacement 3
Valve obliteration 2
Others 9
Total 70

ojgo] Brisstdd #x 1#lolA ECMO(Extrac-
orporeal membrane oxygenator)& &3t &
e Abdaigoh, AeEE A7 W 188.0 £88.9
Holglal B9 FohA|7He BT 67.5+24.0% ©l%
t}. 118loA A &84 A (Total circulatory arrest)
7} A Qo a7 AT 24.1£11.8%8 oAt

4 z

£ 3479 F¢dF 5 66HUA AL 1HE X
gtatel =% 1287} Abgsle 35.3%9 HE A
(hospital mortality) & R4tk 4=4 ¢&d 2 A
e =13 gor 'ged olF dAF AgEe F
25 Bold At

A9 Ao BFAH L 8610 113.3+48.0 /N
AollA) godol 38.4+33.2 MEE whd RolA 1 Y&
ZAE Bolx Ath(= 3).

A gka 1289 APT e B AMEESeR
ez Fo 902 AA7|F FA®), HE
Bo] JARA £ A (tortuosity) (2) % #Ad#
Aael 35(2) Sol 3= UTHIES). 1931 o] g2t
A & 31709 2 o] A AdLGEF
(18), BAN(4), FAANEA(3), TEFFHEQ) &1
cH(E9). 128 o] gxllA £F 16712 WXH 3 T
Zo] YA EY FuF(9), VF13(3), BEd
2(2) a=olATHE 10).

148 9} Ao A £F 1A2E 24413, 484120l 2
Z} ZAA 9t FANLE FHFANE 4). F
48N 7R AWt FH4gke] MEle 2F F
Aoz foF ojE Holx oy, &F HA
ol AL 270Y Fol NPT A=xE A
FA3 e AR fostAl (p<0.05) EoiA
A4t

5L AMFE L 1AV FEE B2 FolA EA &
& Frh Wage fHRde] A 24 AR &
Folgo] Y& FoA e TET BRoH FEA
AMh) bafflingg AN #F @, AR &S AP
T3 P o} &) = o ©e} & (Bidirectional cavop-
ulmonary shunt) Al3& oA A ¥ TH,
roofing & 3tx] ¥ 1 Fontan E#&& AP FolA
roofingg @ TRt} 47 Eskovt ol AW baf-
fling A3 AR e NP FTAMT FAH
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~a. Simple atriopulmonary anastomosis, No cav- “"“
opulmonary shunt t/ o
sy ’

b. Various forms of cavopulmonary anastomosis
with or without roofing in the presence of ana-
malous systemic venous drainage

narroving of pp

\’-“l\

C. In one case with segrnental narrowing of pul- in
monary artery narrowing around PDA, PDA Lt §
flap was utilized to relieve narrowing and Fon-
. tan anastomosis was done as figure

e. TAPVR (supracardiac type)combined case :
Vertical vein was ligated and atriopulmonary
anastomosis with right cavopulmonary shunt
was made along with LA—CPVC anastomosis.

/
d. In one case with partial anomalous pulmonary
venous return(RUPV to SVC), SVC was div-
ided at the level of RUPYV insertion.
Atriopulmonary anastomosis was done and
RUPYV was rerouted to LA as figure,

Fig. 1. Various surgical techniques applied for modified Fontan operation in SNUCH (a—e)
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Table 8. Analysis of Mortality Cases(n=12)

Age Prevop PAI PAP /VEDP Valve Pump/ischemic Expire Cause of
(m) (mm? /m?) (mmHg) regurg time (min) Date Death
8 - - /5 I 213/36 3h Hypoplastic PA
59 LMBT - 30/15 I 540 /112 2h Vent dysfxn,
High PAP
95 LCBT - 17 /13 0 243 /92 OR Vent dysfxn
73 LCBT 137 18/12 I 165 /90 1h Vent dysfxn,
RMBT Tortuous PA
8 - - /12 I 185 /81 2D Vent dysfxn
13 - 186 22/ v 256 /107 OR Vent dysfxn
61 LMBT ~ 26 /10 0 98 /53 1h Elevated PVR
14 LMBT 314 /13 v 235 /97 OR Vent dysfxn
76 LMBT 247 /5 0 245 /97 4D Elevated PVR
73 LMBT 300 13/8 0 315 /60 5h Vent dysfxn
177 - — 12/8 I 124 /96 3D Vent dysfxn
28 PAB - 18/10 0 — 66D Vent dysfxn,
Atrial septectomy Resp failure
Total /Mean .
57.1  8/12 237 20/10 7/12 238 /81

Table 9. Postoperative Major Complications(n=

2
-
o

Mortality(x

™
o

-
»
=~
«

r=

—ftddlbl bl Ll e

19)

No
Low cardiac output 18
Arrhythmia 4
Acute renal failure 3
Resperatory failure 3
Neurologic sequale 1
Postoperative bleeding 1
Cardiac tamponade 1
Total 31

Table 10. Postoperative Non-fatal Complications
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Fig. 2. Annual Case & Mortality of Fontan Ope-
ration in Single or Dominant Right Ven-

tricle in SNUCH (Apr. '86—Sep, '90)

Age(mo) |
(n=19) o
50 4 b d
No 10
4 | 113.3£48.0
Chylothorax 9 100 ) H
Liver dysfunction 3 1 = 1 wozanr L fepzane
Residual R to L shunt 2 S [ \14 / :
Tracheal stricture 1 w0 * AR \
Microscopic hematuria 1 1 : \ m.Aax.2
4 e <
____________ P U W )
Total 16 T oo T ot Ta

Fig. 3. Age Distribution of Fontan Repair of Single
or Dominant Right Ventricle by Year.
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EF AMeEFo] 2T A F 53 0A
B3 our 9w (intermettent dadbominal compr-
ession) & A 831 o™ o] F 28l APgElach AbY
BAE A5 20 o] ExbollA 90d 109 A 3L
oA 45714 7tx] HF 15.0+11.6 MLy 3

ARt 17219 847} functional class Toz
53 Fokglol AL I91skm U class
I 9 izt 242t 24, 1384 UAent o5 classl
2ol e 5 NG ARAENN A §¢)
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7@ z /\].ﬁ_

#Fx7F v e st Ad¥ FZ(ventricular wall
motion) 2 429 (ocntractility) & 2o JF 7
TN, A 2 AAERg-e 42 13.3 +£355
mmHg, 15.2+3.3mmHg, 5.9+2.8mmHg o}

159 #AoA FAEGDFO R Qe HAF o] AL
¥ o] Redo operation® A3t on Bxe &% &
33 BAE 2k

pressure
{emli20)

} Q avr
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|
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(2 - 27m)

Fig. 4. Change of Postrepair CVP / LAP with tim-

AEReS 1589 #FxA Algsdot. A =E e(n=14)
Table 11. Differences in Mdrtality B
Yes(%) No(%) P*
Previous operation 7 /14(50.0) 5/20(25.0) NS
AV valve regurgitation 7/18(38.9) 5/16(31.3) ~ NS
Anomalous systemic
venous drainage 8/15(53.5) 4/19(21.1) 0.055
Intraatrial baffling 12 /26(46.2) 0/6(0.0) €0.05
AV valve replacement 3/3(100.0) 6./29(20.7) €0.02
Atriopulmonary anastomosis
with roofing 6/19(31.6) 6 /15(40.0) NS
Bidirectional cavo-
pulmonary shunt - 4/12(33.3) 8/22(36.3) NS
*Fisher’s exact test
Table 12. Postrepair Comparison Between Survivors and Non-Survivors of preoperative variables
Survivors Non-Suvivors p*
Age(months) 63.6 + 44.6 57.1 + 46.7 NS
PA index(mm? /m?) 316.3 + 110.2 236.8 £ 67.2 £0.02
PAP(mmHg) 14.8 £ 4.3 19.5 £ 5.8 <0.02
VEDP (mmHg) 9.5 + 4.4 10.1 + 3.1 NS
Pump time(min) 159.6 £ 55.1 238.0 + 112.4 <0.05
Ischemic time(min) 59.2 + 21.1 80.8 + 23.0 0.02
Postrepair CVP(mmHg) 21.9 + 4.1 24.8 + 35 £0.05

*Student t test
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Z3 AAFAYHD 1 flo g WA MY BF
o1 dE EFE o7 EF3ta wYe] ojHE FuAY
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= Al&s e 447 50l4 (ventricular dysfunction)
o] a3t o2 QztE of FrHais),

ARES] A9 4 AFEL BIBE ol T F
Wo] Wy AA Fontan &) g Apgg<l
26%<}t Coles$29] 18.3% B.o} #4l3] o Mat-
suda5®o] B $448 A4S el Fontan
Fadlel] A APYEQA 38.5%] A 3, 19873

§%0] Hu3lt A Fontan #+&dld g Alg&
Q1 44.5% Bk WA FHEASE < 5 U

A7) 71€@ bt o] olHF HRAVFE A @
z}el) 7} Fontan principle€ & &3l&4d] 2lo] Fontan-
Choussat 9] criteria® & 2% wEAALe glon
g3 &3 % FEF719 R0l FES AlLEH
st

1A, FZAEE st ol BV HENA
AW 3 F£E715L A # glon BF £
A9 71Fe] Agol 4z Agol Fontan &
o 94E71dstA gov, e3|8 H4le] A7) ¢
7150 €F ANEHFE fFAed FAF Roez 4
ZtE] 3 Qo

Kingg?®2 =#& Al8-3le 4uh) 728 €4
(intra-atrial conduit procedure)& A)3J3}ed atrial
septation-& 2133 Aenr} o AFRE JYUvln

B3la gler DiCarlo 28 atrial bafflingell A}
&3 AE7} redundant & F$ &F $4ANYel =
olAH bafflee] #HFY FAFE & + U], 4
HE o LAe AME3EA e Aol F1 3A
AAEL 87 ol% baffled) AFEE F2 Gore-
Tex ¥} 89 4B E o] 83l9 pulmonary ven-
ous baffleo] o} systemic venous baffle®& &
o FAEM(E5), 47 HEe FHL AFAHAL
%A gethe A dexE 81 Aol 43 E 9%
ol an dHol A A7 Azt Aol ule}
systemic venous bafflec] z}& 4= Athe Holgtxn

3t
/—.m
cemnant

RA tonmy

pm——, Spital remnant

Fig. 5. Modified baffle technique in common atr-
ium creating a systemic venous baffle

Hopking3-2 bidirectional cavopulmonary shunt
7} 4 e] 23 23 (volume load) & ZHAAA F2
24 Fontan & =8| €} 315t 53] A3

Fol4o] Futslo] v A9-E Cavopulmonary
shuntE& Ao 2y EFF AW baffled
F dth. AAE9 H$ Cavopulmonary .shunt& Al
Y3 oA AFFR) Fe FHY FAFHOE R-9 3
e go FHLE AgEE HYeHl B4 Cav-
opulmonary shunt& Al8§§ Fo] AAY FFo|A4L
Bol Huk3tal e EYS AN W, ole dAdH e
2 9urt gl Aoz AZd. Matsuda W& &
HAG FFolo] A HH7F AA A Aol
Fed F8 AEUA7 du vk ARELF >
ZH A FFoldo] A Fuks ] Qe (A%
A7E 18, AZY 18, AFEY 13) olF 4%
M-y 18 whe] ApgEe mAY @A3d] HolXuw
FH Y FAFo| P AdF & 4L 1A Y&
& g AR o
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o] 2717 F 1oz s oA,
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o] g 98 AAYL BuIger ole AP
Hedtd WMal¥ s bandingdl 93 AoegT
(myocardial compliance) 2] ¥s}7} F d2lo]z} 3t
t}. AREY 49 %= banding% Fontan +£& A3
I B2 13 dlen, A &F AS Ay
238 2ot €% 66 YA ZFFA R APYt
At

a0 HAAF M Fontan £€£7] Ch-
aussat5& 44 o149l XA BlEH HRoU 9
o] 799 gol Ade] £33 FAxste}l 1o upE A
Fup HAHRAe #a) 2 FAFo] AT AT
2o 7x= otd 3393} paradoxical embolisme]
HAWg n W) 7] Feo] ZHE s A4
o]t} Stellins®-& 67149 o] 9] AoloA FAado] A
on, HEY 9 1 BEA9 A7t Bgeld ZiveA
%3 ul2 Fontan &< gt 3tvh A& 7
S= vl &4 Fudge] Zhste FAE Holn
Qom (% 3) AP HFdHel A&FrTh
oFzt Wigkoyt EAE vl QITHIE 12). A5
FAAEE @ APFEL 2A A 44 Ale)7} 785 18]
7} Apdele 14.3%2 74 RATHELS). A3 88X
< 6alolA 28 v 0.5-3U Alolz o T8 2
AHBA s ol &3H e £V} 37 WE
4 Aoz Addn, HEYy FFoju SAAH oA
9] B%-¢ o] A=AtE Al A4S FHE + gle
Aol 7hEA el AL AR 3
9 2 A¥E AFE P Fe vbed ANRE

o rfr
ni

Table 13. Age distribution and Mortality in Single
or Dominant Right Ventricle

Age(months)  No of patient  Mortallity(%4)
0—-12 3 2(66.7)
12 ~ 24 6 2(33.3)
24 — 48 7 1(14.3)
48 — 18 7(38.9)
Total 34 12(35.3)

AFE F Y= FE oo} sHlon 2 ATES 7
Wel wuw AW 2% ERUE APY Aol
Borderline2.2 2718 FASAE FEA3F o] T
A4S Holi girh

Matsuda S¥W& PR
Bl gusd HAFAA AW FedHo] Frh B
dged ol sud AHF9 AS A ety
TZ7} 7] df2elg st

Z(DIRV) 9| A

2o

weto] At o mE $-4lvbe] §go] 3490
g Urk AdukzRlog $AAE TS
AA2E 9 Aeuc) Adye] g wrgy o] gle
2 Qste] A 73Rl FAAY GAATAA
2ot 83 % Aoz deA QP SanoT® 9
B0 o3y R A$ARYSE (DIRV) FolA
early postoperative period o] A2 A& do7 A
=& w3} VM(Ventricular mass) /EDV (End dia-
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