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Modified Fontan Procedure for Single or Dominant Right Ventricle

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

Between April 1986 and September 19%), 34 patients with a single or dominant right ven-
tricle underwent modified Fontan procedure for definite palliation in Seoul National Uri-
versity Children’s Hospital.

Their age at operation ranged from 8 months to 14 vears (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(3), 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 1n 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 I8cm H:zO to 28cm H20 (mean 23.2cm H:0)

Hospital mortalhity 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 intraatnal 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, Fonian 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. Freoperative variables of the patients

(n=34) q ,
Mean+ 5D Range
Age s Tt Hhg 8/12—14
Rody wt(kg) 14.3x5.0 6.2—27.2
BSA(m) 0.62+0.19 0.33—0.95
Hb{gm /dl) 17.9+..8 13.5—23.9
Het (%) o.0+8.1 42.2—650.3

Legend : BSA ;Body surface area, 5a02 : 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) 8.8 + 5.7 4—17
(n—=25)
PA 1index 206 + 104 117 —518
(n=20)

Legend : PAP ; pulmonary artery pressure, VEDF
; ventricular enddiastolic pressure,
PA ; pulmonary artery
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Table 3. Segmental Anatomy of the pats{ (n}

Two Ventricle

Atrial Situs n(%) Solitary
Ventricle D-loop [-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)

AV valve(%) .

Pul outflow(%)
: double Lt - Rt
stenosis atresia open common Inlet atresia  atresia
Solitary Ventricle 6 5 1 0 5 0 1 0
Two Ventricle 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 34 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 |
TAPVR o
Cor triatriatum 2
Others 4

Supracardiac(1), Cardiac(1), Infracardiac(1)
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142 AA 9 43.8%F AA AT H E/E F7H
A1717] 918 A s GetEe 13319 FapellA] Al F
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Table 6. Previous operations(n=14 /32, 43.8%)
——— e ——— e ——
No of patients

Shunt 13

Lt mod BT ‘

Rt mod BT

Lt classic BT

Central
Atrial septectomy 1
PAB 1
Others 4
Total | 22

Legend : BT : Blalock-Taussig,
PAB ; Pulmonary artery banding
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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

olgo] EvF3NY Ak 1A ECMO(Extrac-
orporeal membrane oxygenator)S A &3¢0} &
Ae ArdEtAch ALAeR AR Byt 188.0 +88.9
ol thEY AFATIL FHF 67.5+24.08 ol
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a. Simple atriopulmonary anastomosis. No cav-
opulmonary shunt
‘;—J#\

ap
b, Various forms of cavopulmonary anastomosis
with or without roofing in the presence of ana-
narcowing of pa malous systemic venous drainage
'l.,..-lu[\
c. In one case with segmental narrowing of pul- | ' in

monary artery narrowing around PDA, PDA Lt VA
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.

f

d In one case with partial anomalous pulmonary
venous return(RUPV to SVC), SVC was div-
ided at the level of RUPV insertion.
Atriopulmonary anastomosis was done and
RUPV 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 Valye Pump/ischemic Expire | Cause of
(m) (mm? /m?) (mmHg) regurg time (min) Date Death
8 — - /5 S | 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/ A 256 /107 OR Vent dysfxn
61 LMBT — 26 /10 0 98 /53 1h Elevated PVR
14 LMBT 314 g b IV 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=

Age(mo) |
19) - 41 _
No ; |
| | 113.3*+4B.0
Low cardiac output 18 100 i' | H
Arrhythmia 4 . : T 70.0+21.7 I 82.8+41.9
Acute renal failure 3 ? I\T }
: 50 4 - [ L +
Resperatu'::-ry failure 3 : E AP 4
Neurologic sequale 1 j! : | 38.4x33.2
Postoperative bleeding 1 1 A -~
_ e LT S — I TR S — " I — T
Cardiac tamponade 1 | 86 '87 88 '89 '90
Total 31 Fig. 3. Age Distribution of Fontan Repair of Single

or Dominant Right Ventricle by Year.

; % L) rotal case | (x) Table 10. Postoperative Non-fatal Complications
15 i | S
j RS 6/13 W peath + 70 (n=19)
N *. 66.7 - |
4 f hi + 60 . No
10 :|I s ;45 2 Jk 50
4 m’ | + i | Chylothorax 9
* 40. . .
:1| | | s F—n L Liver dysfunction 3
— _— 3 i
5 -';I b — F”//T | 15.?{ : T Residual R to L shunt 2
2/3 . 4+ 20 '
-3: 4 i:_.1 1:" -i %% % ‘i\‘i-- i 14.9 -|t- o Tracheal stricture 1
= _ _ Microscopic hematuria 1
R B R, 77 )
o 'B6 1 'BE 'B9 90 Total 16

Fig. 2. Annual Case & Mortality of Fontan Ope-
ration in Single or Dominant Right Ven-
tricle in SNUCH (Apr. '86—Sep. '90)
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Al stk 17#19] #x}7} functional class [ o2 '°F - 1
2 g 2okglo] AAAANTS A9t UL class 1{
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Table 11. Differences in Mortality
Yes(%) No(%) i
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 | il
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
[schemic time(min) 59.2 + 21.1 80.8 + 23.0 €0.02
Postrepair CVP(mmHg) 21.9 + 4.1 24.8 + 3.5 €0.05

*Student t test
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Table 13. Age distribution and Mortality in Single
or Dominant Right Ventricle

Age(months)  No of patient Mortallity(%)
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)
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