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Transition of Aortopulmonary Collateral Arteries before and after the Fontan Procedure

Kiyotaka Go, Ayako Kuraoka, Yoshihiko Kodama, Yuichi Ishikawa, Makoto Nakamura,
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Background: In patients with a functional single-ventricle, coil embolization is commonly performed to avoid
complications after the Fontan procedure. The position for coil embolization should be determined after consid-
ering the postoperative changes in the aortopulmonary collateral arteries (APCAs).

Methods: The study involved 163 patients who underwent the Fontan procedure between 2009 and 2015. The
amount of APCA was assessed using a 3-point scale based on the aortogram in the cardiac catheterization. The
total score for the five sites (bilateral internal thoracic artery, bilateral subclavian artery, and descending aorta) was
calculated and compared in patients with and without coil embolization and before and after the Fontan procedure.
Results: The mean scores for the APCAs ranged from 6.1+1.5 to 4.5+ 1.8 points in patients with coil emboli-
zation (+) and from 4.4+1.7 to 3.6+ 1.7 points in those without coil embolization (—), indicating a significant
decrease. The scores of 35 patients at =5 years after the Fontan procedure had decreased as compared to those
at 6 months postoperatively (mean 4.2+2.0 to 1.3% 1.2 points). The APCA flow of 30 patients measured using a
magnetic resonance imaging similarly decreased after the Fontan procedure (mean 1.4*0.6 to 0.8+0.6 L/min).
When APCA scores before the Fontan procedure were =5 points, there were no significant differences between
the coil embolization (+) and coil embolization (—) groups as to the incidence of prolonged pleural effusion.
Conclusion: After the Fontan procedure, the APCA tended to decrease with or without coil embolization. Rou-
tine coil embolization is not necessary, which is indicated only when APCA scores are =6 points.

Keywords: aorto pulmonary collateral artery, Fontan procedure, coil embolization, single ventricle,
bidirectional Glenn procedure
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Fig. 1 Transition of APCA in a patient with Tricuspid Atresia

APCA=aorto-pulmonary arterial collateral arteries

APCA score: 2 points

Fig. 2 Representative examples of APCA scoring

APCA=aorto-pulmonary arterial collateral arteries

APCA score: 8 points
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Table 1 Demographics of patients

Variables Total=163

Gender (male/female) 103/60
Age at Fontan (years) 3.2*156
Ventricular morphology

right ventricle (include HLHS) 91 (33)

left venricle 72
Type of procedure

Extracardiac conduit 163

fenestration 1
Coil embolization for APCA before Fontan

yes 103

no 60

i) Chole. FLEOFEIZAEM 91 6 (55.8%,

55 HLHS: 33 iz &%), =M 7241 (44.2%) T
H Y, 2fl Bidirectional Glenn Ffi%Z#¢ T extra car-
diac TCPC ZfififT L, 1{HIDIC fenestration Z L
7z (Table 1). Fontan fifific I 1 )VIERZI T 726D
1% 103 61 (63.1%) T, 60f (36.9%) & ffinGic 2
A IWVERRZITDIR - T, fini a1 VskeRE, JEsEte
REOMIT, Fontan fiaiOMfiEhRE, Rpl, PA index IC

B3R89, Fontan fiif4dD CVP, flit&glE K
L—EED 10 HLEICRATE, & UMKk
Dizs R L— VA ZE LU IIER ORI, itk ARt
RiC A VEERELRE L UTEROEIEIC & 72258
sh o7z (Table 2).

Fontan fligi#% 0 APCA score DHERSIE, JEMI 2K
BT, MO 5.5+1.8 1 (1~9 ) ITxfL,
Fontan flif% 6 W H TOH 7 — T IV ERICIE 4.2+
1.88 1 (0~9 /) EAHBEICHALTHED (p<0.0D),
BN U 72 E BN 12 B (7.4%) Ik EF 0, M
T TREBI 92.6% 72 K& Tz, fiiwi O A VR R
IZHWT, APCA score (XG0 6.1£1.5 gl ff
L, fiif%i3 45+1.8 pUCHAD L THD, JEERRTE
Al 4.4+1.7 gUSK L, 1% 3.621.7 5 & A RIS
HLTWE (Fig. 3).

Fontan fii1% 5 4FLL_F#E#E U 7z 3@ b B O A 7 —
TIVIRE 2175 T2IEBINY 35 Bl - 7273, 42H Fontan
itg 6 M H DKL L, APCA score &> L T
7o (F94.2+2.0—13%+1.2 55, Fig. 4).

Fontan fiT#{# T MRI Z fiti1T L 7z 30 Flic BT,
APCA flow O IR 1.42+0.62 L/min (<X L, i
%13 0.84+0.60L/min & L CTHH, APCA score
TOFHM & Rk DI TdH > 7= (Fig. 5). APCA score
& MRI Cll7E L7z APCA flow ORI IZE =MD
Hbhnt (r=0.747, p<0.01, Fig. 6). Fontan ffit% 6
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Table 2 Clinical data of patients for the coil vs. the no-coil group

Variables Coil embolization (+) Coil embolization (—) p-value
Patients 103 60
Age at Fontan (years) 3.01+1.01 3.45+2.02 0.03
PAP before Fontan (mmHg)* 9.12+2.57 9.48+2.21 NS
PAI before Fontan (mm?%m? 275.5+101.1 270.5+95.4 NS
Rpl before Fontan (Wood U-m?) 1.37+0.49 1.34+0.53 NS
APCA score before Fontan (points) 6.07+1.53 4.38+1.68 <0.01
Prolonged pleural effusions** 32 (31.0%) 21 (37.2%) NS
Early postoperative coil*** 1 (0.97%) 1(1.6%) NS
IVC pressure after Fontan (mmHg) 10.58+2.12 10.88+2.25 NS

*before Fontan—between Glenn and Fontan procedure

**chest tube drainage for over 10days or tube reinsertion

***coil emblization within a month after Fontan

APCA=aorto-pulmonary arterial collateral arteries; IVC=inferior vena cava; PAl=pulmonary arterial index; PAP=pulmonary
arterial pressure; Rpl=pulmonary vascular resistance index

* p<0.01
[ All patients ] N=163 [ coil (+) ] N=103 [ coil(-) IN= 60
points * points * points *
10 | ! 10 [ 1 10 [ |
5.45+1.78 4.15+1.83 6.07%+1.53 447+1.83 4.38+1.68 3.60%+1.71
9 9 - 9 -
\ /
8 8 b 8 T
7 7 7 T~
6 6 6 -
5 5 5 N
AWl
4 - 4 4
X
) N ) X
2 2 2
1 1 - 1
0 . 0 0 -
pre-Fontan  6m after Fontan pre-Fontan  6m after Fontan pre-Fontan  6m after Fontan
Fig. 3 Transition of APCA score before and 6months after Fontan
APCA=aorto-pulmonary arterial collateral arteries
points " N= 35 (coil+: 22 coil-13)  * p<0.01
o 5624153 ﬁﬂ o " MH DEEET APCA WM UGER &, Bl ah->
o o T RERI THiRT D 7 — X Z2 Lbik 9 % &, Fontan F1fiihF
e DiF, FOEDIERE, MEkRHE, PA index, Rpl, ffi
7 1.31%£1.18
. A7 APCA score, I JVEERRDAE I DUV T FER]
5 THERLRZII D >, F£z, Fontan #if%d Sa0, I
: DNTEMAETAITADNIEMN 572 (Table 3).
2 Fontan & IC B/KRr R DSBAE L, MafE R L— 8
! B 10 HYL LIS R AT, £REABRPIC RL—H
0
pre-Fontan 6months after Fontan Syears after Fontan ?ﬁ}\%gbfcr{ﬂ@iUACi, ﬂﬁﬁﬁo) APCA score b\\\
Fig. 4 Transition of APCA score before and 5 5 M LUR OJER T e o 4 )V sERe R, JEZEREED
years after Fontan MICHEBERA AN o Tzh GEREE : 9/38 Hi
APCA=aorto-pulmonary arterial collateral arteries 23.7% vs JEZERREE - 12/47 5 25.5%), 6 sl FEODYE
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B CUEIEZEARBE T RZKEIER OE SN E RIS E N>
7z (ZE ¥ B : 23/65 1 35.3% vs JE ZE £ BE 1 9/13 f
69.2%, Table4). MR L— 8@ 20 HUL EDOE
MM b 7z o ToiEBNE 12 B (BIEFID 7.3%, FEfe
76, JEZEREE 56D THoTz.

L/min N=30 (coil+: 22 coil-: 8) * p<0.01

*

35 - [ I
1.42+0.62 0.84+0.60

31 decreased: 26
increased:4
2.5

1.5 -

0.5 4

pre-Fontan after-Fontan

Fig. 5 Transition of APCA flow measured in MRI

APCA=aorto-pulmonary arterial collateral arteries
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B4 ORETTIE, Glenn flif%, Fontan i D &AM IC
X, Fontan i 1% 1T & APCA A9 2 @Emic

L/min
35
*
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Fig. 6 APCA flow measured in MRI and compari-
son with APCA score

APCA=aorto-pulmonary arterial collateral arteries

Table 3 Clinical data of patients before Fontan for APCA increased vs. not increased group

Variables APCA increased APCA not increased p-value
Patients 12 151
Age at Fontan (years) 3.46+1.28 3.15+1.49 NS
Single Right Ventricle 7 (568.3%) 96 (63.5%) NS
PAP before Fontan (mmHg) 9.66+2.34 9.22+2.45 NS
PAIl before Fontan (mm?/m?) 285.5+119.8 272.7+97.3 NS
Rpl before Fontan (Wood U-m?) 1.40+0.63 1.36+0.50 NS
APCA score before Fontan (points) 5.66+1.96 5.43+1.78 NS
Sa02 after Fontan (%) 94.87+0.86 94.64+1.68 NS
Coil (—) before Fontan 5 (41.6%) 55 (36.4%) NS
Table 4 proportion of patients with prolonged pleural effusions
APCA score Coil embolization (+) Coil embolization (—) p-value
0-5 points 9/38 (23.7%) 12/47 (25.5%) NS
6-10 points 23/65 (35.3%) 9/13 (69.2%) 0.025

*prolonged pleural effusions—chest tube drainage for over 10days or tube reinsertion
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IR DVBAE U T2 EBI D H B A2 2 iR Ta o Tz,
Fontan 1ffiiif> APCA ICxd 2 a1 )VERIE, IV—F
Y TONIfTId %4 <, APCA score 6 5L EANHENS
LEZONS.

AR
AR L, FEB XTI TOHEEZEZFICIB N THA/NEE
BREFEARDED BRI 2 hl RIS O AL

51 FCHk

1) Triedman JK, Bridges ND, Mayer JE Jr., et al: Prevalence
and risk-factors for aortopulmonary collateral vessels
after Fontan and bidirectional Glenn procedures. ] Am
Coll Cardiol 1993; 22: 207-215

2) Ichikawa H, Yagihara T, Kishimoto H, et al: Extent of
aortopulmonary collateral blood flow as a risk factor for
Fontan operations. Ann Thorac Surg 1995; 59: 433-437

3) Spicer RL, Uzark KC, Moore JW, et al: Aortopulmonary
collateral vessels and prolonged pleural effusions after
modified Fontan procedures. Am Heart J 1996; 131:
1164-1168

4) Kanter KR, Vincent RN: Management of aortopulmonary
collateral arteries in Fontan patients: Occlusion improves
clinical outcome. Semin Thorac Cardiovasc Surg Pediatr

© 2018 Japanese Society of Pediatric Cardiology and Cardiac Surgery


http://dx.doi.org/10.1016/0735-1097(93)90836-P
http://dx.doi.org/10.1016/0735-1097(93)90836-P
http://dx.doi.org/10.1016/0735-1097(93)90836-P
http://dx.doi.org/10.1016/0735-1097(93)90836-P
http://dx.doi.org/10.1016/0003-4975(94)00120-V
http://dx.doi.org/10.1016/0003-4975(94)00120-V
http://dx.doi.org/10.1016/0003-4975(94)00120-V
http://dx.doi.org/10.1016/S0002-8703(96)90092-7
http://dx.doi.org/10.1016/S0002-8703(96)90092-7
http://dx.doi.org/10.1016/S0002-8703(96)90092-7
http://dx.doi.org/10.1016/S0002-8703(96)90092-7
http://dx.doi.org/10.1053/pcsu.2002.31501
http://dx.doi.org/10.1053/pcsu.2002.31501
http://dx.doi.org/10.1053/pcsu.2002.31501

188

5)

6)

7)

8)

9)

10)

11)

BRNRBERSBF M

Card Surg Annu 2002; 5: 48-54

Bradley SM, McCall MM, Sistino JJ, et al: Aortopulmo-
nary collateral flow in the Fontan patient: Does it matter?
Ann Thorac Surg 2001; 72: 408-415

Lim DS, Graziano JN, Rocchini AP, et al: Transcatheter
occlusion of aortopulmonary shunts during single-ventri-
cle surgical palliation. Catheter Cardiovasc Interv 2005;
65:427-433

Whitehead KK, Harris MA, Glatz AC, et al: Status of sys-
temic to pulmonary arterial collateral flow after the fon-
tan procedure. Am J Cardiol 2015; 15: 1739-1745

Glatz AC, Rome JJ, Small A]J, et al: Systemic-to-pulmo-
nary collateral flow, as measured by cardiac magnetic
resonance imaging, is associated with acute post-Fontan
clinical outcomes. Circ Cardiovasc Imaging 2012; 5: 218-
225

Starnes SL, Duncan BW, Kneebone JM, et al: Vascular
endothelial growth factor and basic fibroblast growth fac-
tor in children with cyanotic congenital heart disease. J
Thorac Cardiovasc Surg 2000; 119: 534-539

Himeno W, Akagi T, Furui J, et al: Increased angiogenic
growth factor in cyanotic congenital heart disease. Pedi-
atr Cardiol 2003; 24: 127-132

Fadel E, Wijtenburg E, Michel R, et al: Regression of the

$3E F45

12)

13)

14)

15)

16)

17)

systemic vasculature to the lung after removal of pulmo-
nary artery obstruction. Am J Respir Crit Care Med 2006;
173: 345-349

Mitzner W, Lee W, Georgakopoulos D, et al: Angiogenesis
in the mouse lung. Am J Pathol 2000; 157: 93-101
Whitehead KK, Harris MA, Glatz AC, et al: Status of sys-
temic to pulmonary arterial collateral flow after the fon-
tan procedure. Am J Cardiol 2015; 115: 1739-1745
McElhinney DB, Reddy VM, Tworetzky W, et al: Inci-
dence and implications of systemic to pulmonary collat-
erals after bidirectional cavopulmonary anastomosis. Ann
Thorac Surg 2000; 69: 12221228

Banka P, Sleeper LA, Atz AM, et al: Practice variability
and outcomes of coil embolization of aortopulmonary
collaterals before Fontan completion: A report from the
Pediatric Heart Network Fontan Cross-Sectional Study.
Am Heart ] 2011; 162: 125-130

Boothroyd A, McDonald E, Moores BM, et al: Radiation
exposure to children during cardiac catheterization. Br |
Radiol 1997; 70: 180-185

Phillips BL, Cabalka AK, Hagler DJ, et al: Procedural
complications during congenital cardiac catheterization.
Congenit Heart Dis 2010; 5: 118-123


http://dx.doi.org/10.1053/pcsu.2002.31501
http://dx.doi.org/10.1016/S0003-4975(01)02813-2
http://dx.doi.org/10.1016/S0003-4975(01)02813-2
http://dx.doi.org/10.1016/S0003-4975(01)02813-2
http://dx.doi.org/10.1002/ccd.20403
http://dx.doi.org/10.1002/ccd.20403
http://dx.doi.org/10.1002/ccd.20403
http://dx.doi.org/10.1002/ccd.20403
http://dx.doi.org/10.1016/j.amjcard.2015.03.022
http://dx.doi.org/10.1016/j.amjcard.2015.03.022
http://dx.doi.org/10.1016/j.amjcard.2015.03.022
http://dx.doi.org/10.1161/CIRCIMAGING.111.966986
http://dx.doi.org/10.1161/CIRCIMAGING.111.966986
http://dx.doi.org/10.1161/CIRCIMAGING.111.966986
http://dx.doi.org/10.1161/CIRCIMAGING.111.966986
http://dx.doi.org/10.1161/CIRCIMAGING.111.966986
http://dx.doi.org/10.1016/S0022-5223(00)70133-4
http://dx.doi.org/10.1016/S0022-5223(00)70133-4
http://dx.doi.org/10.1016/S0022-5223(00)70133-4
http://dx.doi.org/10.1016/S0022-5223(00)70133-4
http://dx.doi.org/10.1007/s00246-002-0266-5
http://dx.doi.org/10.1007/s00246-002-0266-5
http://dx.doi.org/10.1007/s00246-002-0266-5
http://dx.doi.org/10.1164/rccm.200506-894OC
http://dx.doi.org/10.1164/rccm.200506-894OC
http://dx.doi.org/10.1164/rccm.200506-894OC
http://dx.doi.org/10.1164/rccm.200506-894OC
http://dx.doi.org/10.1016/S0002-9440(10)64521-X
http://dx.doi.org/10.1016/S0002-9440(10)64521-X
http://dx.doi.org/10.1016/j.amjcard.2015.03.022
http://dx.doi.org/10.1016/j.amjcard.2015.03.022
http://dx.doi.org/10.1016/j.amjcard.2015.03.022
http://dx.doi.org/10.1016/S0003-4975(99)01088-7
http://dx.doi.org/10.1016/S0003-4975(99)01088-7
http://dx.doi.org/10.1016/S0003-4975(99)01088-7
http://dx.doi.org/10.1016/S0003-4975(99)01088-7
http://dx.doi.org/10.1016/j.ahj.2011.03.021
http://dx.doi.org/10.1016/j.ahj.2011.03.021
http://dx.doi.org/10.1016/j.ahj.2011.03.021
http://dx.doi.org/10.1016/j.ahj.2011.03.021
http://dx.doi.org/10.1016/j.ahj.2011.03.021
http://dx.doi.org/10.1259/bjr.70.830.9135445
http://dx.doi.org/10.1259/bjr.70.830.9135445
http://dx.doi.org/10.1259/bjr.70.830.9135445
http://dx.doi.org/10.1111/j.1747-0803.2010.00385.x
http://dx.doi.org/10.1111/j.1747-0803.2010.00385.x
http://dx.doi.org/10.1111/j.1747-0803.2010.00385.x

