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Mid-term results of Intracardiac Lateral Tunnel Fontan Procedure in
the Treatment of Patients with a Functional Single Ventricle

Jeong Ryul Lee, M.D.*, Yong Jin Kim, M.D.*, Joon Ryang Rho, M.D. *

We reviewed the surgical results of intracardiac lateral tunnel Fontan procedure for the
repair of functional single ventricles. Between 1990 and 1996, 104 patients underwent total
cavopulmonary anastomosis. Patients’ age and body weight averaged 35.9(range 10 to 173)
months and 12.8(range 6.5 to 37.8) kg. Preoperative diagnoses included 18 tricuspid atresias
and 53 double inlet ventricles with univentricular atrioventricular connection and 33 other
complex lesions. Previous palliative operations were performed in 50 of these patients,
including 37 systemic to pulmonary artery shunts, 13 pulmonary artery bandings, 15 surgical
atrial septectomies, 2 arterial switch procedures, 2 resections of subaortic conus, 2 repairs of
total anomalous pulmonary venous connection and ! Damus-Stansel-Kaye procedure. In 19
patients bidirectional cavopulmonary shunt operation was performed before the Fontan
procedure and in 1 patient a Kawashima procedure was required. Preoperative hemodynamics
revealed a mean pulmonary artery pressure of 14.6(range 5 to 28) mmHg, a mean pulmonary
vascular resistance of 2.2(range 0.4 to 6.9) wood-unit, a mean pulmonary to systemic flow
ratio of 0.9(range 0.3 to 3.0), a mean ventricular end-diastolic pressure of 9.0 (range 3.0 to
21.0) mmHg, and a mean arterial oxygen saturation of 76.0(range 45.6 to 88.0)%. The
operative procedure consisted of a longitudinal right atriotomy 2cm lateral to the terminal
crest up to the right atrial auricle, followed by the creation of a lateral tunnel connecting the
orifices of either the superior caval vein or the right atrial auricle to the inferior caval vein,
using a Gore-Tex vascular graft with or without a fenestration. Concomitant procedures at
the time of Fontan procedure included 22 pulmonary artery angioplasties, 21 atrial sept-
ectomies, 4 atrioventricular valve replacements or repairs, 4 corrections of anomalous
pulmonary venous connection, and 3 permanent pacemaker implantations. In 31, a fene-
stration was created, and in 1 an adjustable communication was made in the lateral tunnel
pathway. One lateral tunnel conversion was performed in a patient with recurrent intractable
tachyarrhythmia 4 years after the initial atriopulmonary connection. Post-extubation hemody-
namic data revealed a mean pulmonary artery pressure of 12.7(range 8 to 21) mmHg, a

* AEdstagd 593, Aedgaddds Froagad, Aeddr JFdTa
Department of Thoracic and Cardiovascular Surgery, Seoul National University Hospital, Seoul National University College of Medicine, Seoul
National University Heart Research Institute

T & =82 197495 Agdgadd ARAsd Ty Aol 2 Azl

¥ e 19974 109 149 A133 BF ofAol-elRF FH a3l FAHUE

cEATY 97d 124 299 AAEH - 984 24 104

HA A : o]AE, (110-744) AEFHEA F2T AT 2894 ASRHad ojDe]dd F5-97 (Tel) 02-760-2877 (Fax) 02-765-7117

B v

- 468 —



oF 4]
1998;31:468-76

mean ventricular end-diastolic pressure of 7.6(range 4 to 12) mmHg, and a mean room-air

arterial oxygen saturation of 89.9(range 68 to 100) %.
Post-Fontan complications included 11 prolonged

average, 27(range 1 to 85) months.
pleural effusions,

late(4.8%) deaths occured.

8 arrhythmias, 9 chylothoraces,
system, 5 infectious complications, and 4 of acute renal failure.
These results proved that the lateral tunnel Fontan procedure

The follow-up duration was, on

5 of damage to the central nervous
Seven early(6.7%) and 5

provided excellent hemodynamic improvements with acceptable mortality and morbidity for
hearts with various types of functional single ventricle.
(Korean J Thorac Cardiovasc Surg 1998;31:468-76)

Kew word : 1. Fontan operation

2. Surgery method

A =

19713 Fontan ¥} Baudet"7} $HA  Alub-s) % A (total
atriopulmonary connection)s X£Z X 1.3 olef Fh
A Jopzte] U $eA 3T AR}, ey
2o dAel Fsle] 1 2| AYEE EF 75~85%9
1990 el EolAE o] WA 0%V &
AAE Boln glivh Qe ATl g A
zgEo R w918 EeE e o)F 7|5
Rolx thd B/ e dfiAs 2 o]&
2 o]l&HI glow 2] A uH AT A
o2 EZA7| e 243 Ao visf 2 %%%Y%
& Aoz deiAgeoyd dAY P4 4 AHE B
Zlﬂ“éﬂl 46}] 734«1 x}°17} Wﬁﬁ}xl °%— 7401 ARAl o]},

Jobe >,

R S P N O S

_EL
%
2 oo

=
o>
>

Ho oX

N
—_
o
O

A
%la(dnvmg force) = 7“—9-5}04 74]7‘4"—‘1]‘%%7} 31]"3?}%

Fatx #FH HARE L J)5A Gy 2 s}
of Ao W57 e A A= °3]‘j}1 Zho}
o] A EAAG o] oJLAYx g Fon "]"]7] T rARR
FEF Aol AN 2 Ar) F99 £ gioke Al )
= AR olHE 4 A 75."1—‘?— A7 A = T
H]"’*‘ Aol 717 AbA 3 oxygenation) S 248}
% ‘1743‘4—‘?‘3}3‘?“51 ArEAA 4 9l
GAAE Hole 3 A4 A7)
o8 wolsoAn glon ®g 74 30

1r

o o o
- O
gl oo
R S )
>

o

e

ol e N 8 £ Lok o
r&Lrlfr

gk aFAE 19874 Puga SV x A
A5Hs Al AF F2e 2FAE
Eeta S u9rsle] Ruslgon Ao 7 A7)

T
o

o o M o> ) L
2

B

de Leval” 5-& Zet¢3ke] A4 859 525 9s)A
A F5o] degivhs AT ofgE AT FA B
o] e A 5EE 53 S48 HFES ukEo
& o & o)A -ESF(maxiamal forward outputyd G E
F dtkE AME A¥A 02 3. o|F AY] 4
ExheAL 95T EE<E(lateral tunnel Fontan operation),
SEA A 7 =l 5] A< (total cavopulmonary connection)s
27 FAR 29 FHE FEsla spg £3] 2ol
TereAe 3 HYoz AR gt} o] x{x}—‘g—% =
ATF-E T3] 19904 ele Al Al 94 EETEA
9 JAEE AR 1 AYE P4 & 1 2 &4
o 84S A5 34

£ AT7E 19905 199697}
ool FHeFeA rled dAAdR
718l g3t AgY dEERE % 218
oFf "o R sigich oo 13 9l
4 359%273(H9 102~173.1) 7H'é
3 (B4 65~37.8)kg o1tk AR L A g4
%(18), %Ma‘oda—g— Hol: FETAAGS3) 2 7|} /)%
4718 (33)0] 3lck(Table 1), 5029
3‘&0}°ﬂ EHGM Aol e et 37), 31]5“““‘1(13) 2|74
AN AAAE1S5), THAKEQR), A5
@, &j:]]ﬂuﬂo]/ﬂ- 75%‘-3]
(Damus-Stansel-Kaye, 1) 59 ZAlgo] A= glch $xiEet
SAA 1989 PR AR EadEE 199 A
(&AW -9)5 W F =< (total cavopulmonary shunt, Kawashi-
ma procedure)©] A5 Ick(Table 2). €4 G2 A4, 4
359 A 4>(Nakada index)= 343£171 (*8$] 103~ 1093)

ml

b

T
L

rlo

2

2

o

o, rﬁ"

cl>'

— 469 -



Table 1. Preoperative diagnosis
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Table 3. Preoperative anatomy and hemodynamics

Diagnosis No Variable Unit Mean=SD or No Range
Tricuspid atresia 18 PAL (mm2/M2 BSA) 343.0 = 171.0 103.0 - 1093.0
Double inlet ventricle with 74 PAP (mmHg) 146 + 47 5.0 - 280
univentricular AV connection PVR (wood-unit) 22 £ 12 04 - 69
DIRV 61 Qp (L/min/M2 BSA) 39 £ 1.7 1.5 -55
DILV 12 Qp/Qs 09 * 0.6 03 -30
DIUV 1 VEDP (mmHg) 9.0 £ 32 3.0 - 21.0
Other complex lesions 12 AVVR (Gr IIJIV <) 7
C-AVSD/uneven ventricle 7 ' Sa02 (%) 76.0 = 8.7 45.6 - 88.3
AV valve straddling 4 PAI=pulmonary artery index: PAP=pulmonary artery presure :
Criss-cross heart 1 PVR=pulmonary vascular resistance:
total 104 Qp=pulmonary blood flow: Qp/Qs= ratio between pulmonary

AV -=atrioventricular connection:
DIR(L/U)V=double inlet right(left/undetermined) ventricle;
C-AVSD=complete atrioventricular septal defect.

Table 2. Partial Fontan before lateral tunnel Fontan

Procedure No

Bidirectional cavopulmonary shunt 19

Total cavopulmonary shunt 1
20

mm/M2BSA, FEAEL % sLBALLE 47 146547
(84 5~28 mmHg) ¥ 22%1208¢ 04~69) wood-unit S
on, HAFAIFY7 HF 09106 (Y 03~3.0%ch
o] by Al Al HF 9.0%32 (H$130~21.0) mmHgH
EWye] MAEIEE HF 760187083 45.6~88.0)% %
t}(Table 3).
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blood flow and systemic blood flow: SaO2=arterial oxygen
saturation.
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Fig. 1. Operative technique. The operative procedure
consisted of a longitudinal right atriotomy 2cm lateral to the
terminal crest up to the right atrial auricle, followed by the
creation of a lateral tunnel connecting the orifices of either
the superior caval vein or the right atrial auricle to the
inferior caval vein, using a Gore-Tex vascular graft with or
without a fenestration.
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Fig. 2. Actuarial survival curve
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Table 4. Post-extubation hemodynamics

PAP (mmHg) 127 % 35 8.0 - 21.0

VEDP (mmHg) 76 + 28 40 - 120
Sa0, (%) 899 + 81 68.0 - 100.0

PAP=pulmonary artery pressure:
VEDP=ventricular end-diastolic pressure
SaO,=arterial oxygen saturation.

Table 5. Risk factors for monality

Time of surgery before 1992 0.000 104

Age under 18 months 0.268 104
TA vs DIV [ other complex lesion 0.117 104
DIRV vs DILV 0.422 73
TAPVC repair 0.556 104
AVVR 0.000 104
PAI under 150 mm?2/M2 0.047 84
PAP over 18 mmHg 0.037 82
PVR over 2.5 wood-unit 0.217 35
CPB time over 180min 0.005 104
Staged vs one-stage 0.344 104
PAB 0.643 104

TAs=tricuspid atresia: DI(R/L)V=double inlet(right/left) ventricle:
TAPVC=total anomalous pulmonary venous connection:
AVVR=atrioventricular valve regurgitation

PAI=pulmonary artery index:

PAP=pulmonary artery pressure:

PVR=pulmonary vascular resistance:

CPB=cardiopulmonary bypass: PAB=pulmonary artery banding.
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Table 6. Postoperative complications

Subtotal Total(%)
11 (9.5)

Complication

Prolonged pleural effusion over 2 weeks

Arrhythmia 8 (7.7)
Sinus node dysfunction 3
Supraventricular tachyarrhythmia 3
Atrial flutter 1
AV block 1

Chylothorax 9 (8.7)

Central nervous system damage 5 (4.8)

Infection 5 (4.8)

Renal failure 4 (3.8)

AV=atrioventricular.
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