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Development of Systemic Venous Collateral Channels after
the Fontan Procedures
Takanari Fujii,"” Yoshiki Mori,"* Kanta Kishi," Hiromi Kurosawa®” and Toshio Nakanishi"

Departments of "Pediatric Cardiology and ?Cardiovascular Surgery, Tokyo Women’s Medical University,
*Department of Pediatrics, Showa University School of Medicine, Tokyo, and ¥Division of Pediatric Cardiology,
Seirei Hamamatsu General Hospital, Shizuoka, Japan

Background: It is known that systemic venous collaterals develop and that they can lead to unanticipated cyanosis after the
Fontan procedures. However, these collaterals after the Fontan procedures remain unknown in detail. The aim of this study
was to determine the incidence, clinical course and factors associated with venous collaterals after the Fontan procedures.
Methods: We reviewed angiograms and clinical data in 171 Fontan patients who underwent cardiac catheterization. Venous
collaterals with <95% systemic desaturation were defined as significant. Anatomic and hemodynamic variables as the predictive
factors were compared between the groups with or without decompressing venous collaterals.

Results: Fifty-four venous collaterals were identified in 36 patients (21%). In 19 patients (53%), the collaterals were detected
within 1 year after the Fontan procedures. The follow-up catheterizations (n=25) showed that the arterial oxygen saturation at
rest (90+4%) did not change during follow-up periods (5.3+3.3 years), although the size of vessels increased in 13 cases. The
morphology of ventricle, hemodynamic variables including pulmonary artery pressure, resistance, Nakata index before the
Fontan procedures and transpulmonary pressure after the procedures were similar between the groups. The only anatomic factor
of heterotaxia syndrome was a predictor for venous collaterals (53% in heterotaxia vs. 22% in non heterotaxia, p<0.001).
Conclusions: Systemic venous collaterals are not rare in Fontan patients. They do not hemodynamically deteriorate at rest, but
increase in size with time. These collaterals are more common in the heterotaxia syndrome.
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All patient after Fontan (n=171)

No decrease in Sat (= 95%)
n=97 (57%)

Systemic venous
collateral channels

n=36 (21%)
(49% of desaturated group)

Interatrial shunt
n=22 (13%)

Pulmonary atriovenous | Fig. 1 The cause of decrease in
malformation R .
4 (2% systemic oxygen saturation
m and incidence of systemic
Others venous collateral channels
n=12 (7%) in patients after the Fontan
procedures.

1) Fontan 27 % KBS MAE O R & & Bk M

TR DSERE

171 BUFf, A B OREIREE] AT & H 8 S 72 IE
BlE 3660, 21% ThH -7z F72.00 THREREOKE
JR R % B A BE AT 95 % At T b - 72 EFIIE 74 B (43%) T
Y, ZORRKE L THREIREEMATEE DS 49% (36/74
B D%, RISLEMTON Yy 7)01) — 27 2Pl
HE O fenestration |2 & A45 — FE8HEDS 22 B1(29%), Jifi
BIIRIEDS 4 B (5%), Rl M oOMEZLR EI2L 5
ZDIEDPA 12 B TH - 72 (Fig. 1). 7 BIERE AR
WIEIAT i & s EIREE, ARAR AR R AT & Ny 7
W) = 7 KRG o TEBNEEE 2 A ETH D L
WrL7-d DIZ A8 L 72, % 72 fenestrated Fontan 12
B, 9 BT T EEIZ 1S fenestration (FFASE L T\ 7z,

AT IR B AT A3 8 - 72 36 B, 72 20> 72 135
TOFMES, O TR, FHEHE 77 TOW
M, sk, KEYIREE R ESHIEE % Table 1 1R L7z oL
BT W, AT &L T F o B ISR AT i o
HolRETENETNRL, Fho7zhs, i Tldmat
M2 #21E % 22> 72 (Table 1). 7 BAEIRME] 17O
o736 B, 196, 53%D5F % 1 EUR(1~11 %
H) O HBHFE BRI AD 0o Tz,

2) {AEF BRI RN 1M 77 2% D ER L

R IR BN AT A A B 7z 36 Blrh, 1 CHERR
TEIME L 54 KT, HEARD - 72 EBD 14 H1DH -
7o FRALRICUE B OBEELDS 19 AR, GG 25 AR, T
fE 10 RCTH o 72, EE OB A & OB M7 AE
BlE R e b RWEIRENE OfGR % 2 O & L
THEL CEHORBIRRFRMEL KT 2L, I
LI (n=11) Tl 9145%, CEERE (n=19) 1 90+4%,

ORI (n=6) (X 94482% TH V), 3HEM TEII LD >
7o EoMIENME ZEAT, R L, KRS IE—FkThR W
JEREARL, WINOHETLRBOILET, T
DRI e o 72, F 72 NBREEAE B (n=19) T,
27 ROMFENME SR S, LIS 6 &, OIE
B4R, TULEAT7ARTHY, FRICHARSSIIERETET
FEBUW oG, M X h o 7z,

OO TR EIR 2 S DA () EREIRE R 12
FATLMEINE R DS <, 1 Z2E ERERD S &
IR, FaEIROB 0 EREIRDAS O AR 2 &
&R 1245 A3 % levoatrio-cardinal vein 7 & 0 FL 1M
BECTho7. LI TOMEIME 1 Thebesian vein T
HY, TOIERE TR CHERESEIR O Th - 72
(Fig. 2).

3) REFARAIEI M AT R DR RFAIZE AL

171 B EELR 000 1 7 AT & AT L TV 7201 25
BlIThH o7z, T 025 B EMIEIOL 7 TR R
VAT #2739 1.642.1 48 (range 0.1~9.54F) T & - 7-.
7 4 10— 1 1% 5.343.3 4F (range 0.8~13.9 45) T, &
FERBUL 2~3 B TH o 72, KEIRER 3 S (340 A
TRATIREADS 9044 %, AL IEDS 9143% T 7 + 1 — Hf
A B AL A S e 22 o 72 (Fig. 3).
HIENNE OFEDOZEALIE, EETOR—HITOED
HoErHL <, HENHBITBI o775, HLRIC
HENMATEEOME A ER LD O IBEMNAL R
72. Fig. 4 122 ORFEBIZIR L 72 GG L BE
B, BEEPREKIE, WAMEGSERGE, MRk
@ TCPC (lateral tunnel) #ii{%2 T, itk 1 7 H (3 %) T
MO H T = fitifT L7z, A0 (lateral tunnel) 3352 T
1340 5 Thebesian vein & % 2 5 LA R MAEH

30 |

| BANZEIRGFRMS $268E F45




303

Table 1 Characteristics of patients with and without venous collaterals

Collaterals (+) Collaterals (-) p value
(n=36) (n=135)
Age at cath. (yrs) 7.2+4.1 10.4+8.6 0.03
(2.0-17.5) (2.1-39.4)
Age at op. (yrs) 5.24+3.1 6.615.7 0.15
(1.5-12.3) (1.3-32.1)
Interval between op. and cath. (yrs) 2.0+2.4 3.845.2 0.05
(0.1-9.5) (0.1-23.2)
Type of procedure 0.44
APC 24 82
TCPC (LT) 9 28
TCPC (extracardiac) 3 19
Bjork 0 6
Sat (%) 90+4 94+5 <0.001
(77-94) (63-98)

cath.: catheterization, op.: operation, yrs: years, APC: atrio (right atrial appendage) pulmonary connection, TCPC:
total cavo pulmonary connection, LT: lateral tunnel, Sat: systemic oxygen saturation

Brachiocephalic vein

Fig. 2 Three types of systemic venous collateral channels based on originating veins.
White arrow shows the systemic venous collateral.
A: Supracardiac type (originating from the superior caval vein or one of its tributaries).
B: Cardiac type (originating between the superior caval vein and inferior caval vein).
C: Infracardiac type (originating from the inferior caval vein or one of its branches).
RA: right atrium, LA: left atrium, IVC: inferior caval vein
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Initial examination Last examination The follow-up catheterizations showed that the systemic ar-
after 5.3 yrs (0.8 - 13.9yrs) terial oxygen saturation at rest did not change during follow-
up periods (5.3+3.3 years).
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Fig. 4 Follow-up angiograms in a patient with left isomerism, DORV, PS, and complete
AVSD after the TCPC (lateral tunnel).
White arrow shows the systemic venous collateral.
A: An angiogram at age of 3 years old (one month after the operation). The systemic
aortic saturation was 90% .
B: An angiogram at age of 6 years old (3 years after the first catheterization).
The systemic aortic saturation was 91% .
Note that the size of collateral vessel increased during follow-up period.
DORV: double outlet of right ventricle, PS: pulmonary stenosis, AVSD: atrio-ventric-

ular septal defect, TCPC: total cavo-pulmonary connection
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Table 2 Predictive factors of systemic venous collaterals

Collaterals (+)
(n=36)

Collaterals (-)
(n=135)

Univariate analysis Multivariate analysis

OR 95%CI pvalue Adjusted OR 95%CI pvalue

Z"g;‘?:;:g%yeg{ricle (RVILY) 25/11 78/57 166 0.76-3.65 0.21
Heterotaxy syndrome 19 (53% ) 30 (22% ) 3.91 1.81-8.45 0.01 3.89 1.78-8.50 0.01
Pre-operative

Mean PAP (mmHg) 164 153 0.99 0.95-1.18 0.32

Transpulmonary PG (mmHg) 713 743 0.99 0.86-1.15 0.91

Rp (unit - m?) 1.840.7 1.940.6 0.87 0.45-1.69 0.69

Nakata index (mm?m?) 359+147 337+108 1.00 1.00-1.01 0.36
Post-operative

Mean CVP (mmHg) 1443 1343 1.12 0.99-1.26 0.07 1.12 0.99-1.27 0.08

Transpulmonary PG (mmHg) 542 542 1.00 0.81-1.13 0.60

ClI (I/min/m?) 2.6+£0.6 2.7+0.6 0.74 0.38-1.43 0.37

RV: right ventricle, LV: left ventricle, PAP: pulmonary artery pressure, PG: pressure gradient, Rp: pulmonary artery resistance, CVP: central ve-

nous pressure, CI: cardiac index, OR: odds ratio
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