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A Case of Failing Fontan with Pulmonary Vein Occlusion Obtained Decrease
in the Central Venous Pressure by Fenestration Creation after Embolization
of Minor Aortopulmonary Collateral Artery and Pulmonary Artery
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No effective treatments currently exist for patients who have undergone the Fontan procedure with pulmonary
vein occlusion (PVO), and the prognosis is poor. We present a case of a 3-year-old girl with acute heart failure
who developed right PVO after undergoing the Fontan procedure, and a large amount of pleural effusion,
edema, and atrial arrhythmia was noted. Fenestration was created after embolization of the minor aortopul-
monary collateral arteries (mAPCAs) and right pulmonary (RPA) artery. The embolization of mAPCAs was
divided into 3 sessions using 51 coils. For RPA embolization, 5 Amplatzer Vascular Plugs and 2 coils were used.
The duration of this procedure was approximately 3h, and complete occlusion of RPA was achieved without
complications. Subsequently, fenestration creation was performed, and the central venous pressure decreased
from 20mmHg to 7mmHg. However, the patient deceased because of cardiac tamponade on day 9 postopera-
tively. To our knowledge, there have been no reports on the complete embolization of the mAPCAs and PA in
patients who have undergone the Fontan procedure with PVO. This treatment temporarily stabilized the hemo-
dynamics in patients who have undergone the Fontan procedure with PVO.

Keywords: acute heart failure, failing Fontan, pulmonary vein occlusion, embolization of pulmonary

artery, embolization of minor aortopulmonary collateral artery

ifi#IREAZE 2 & 0F L 72 Fontan i f2I8HICH§ 5 A AIARIER R PRISARTH 5. FHIEAL I
Fontan ffff&IC A fEHIRPAZE 2R U, 2ROk, 72, OEMEABIRDHBL 22 OA 20 3 5%
LRGN U TR E & A B IR O ZER 18I R MERIN 217 > 7o, PRI D ZEkR I 3 [
DYy a I TSI ADIA)NV M U, AIliEIR%EERIEET 5 1D Amplatzer Vascular Plug
(AVP) Lit2ARDaA)VZMANT, FHEFHIE 3 RS TARIHER < ERAZETE 2. TO%ICH

2021 4F 3 H 4 H2A, 2021 47 H 19 HZ#E
FAEMESE ¢ T951-8510 ik R rh e X HNT3E 1 0T 757  Fib KA s ombe i
doi: 10.9794/jspccs.37.320

© 2021 Japanese Society of Pediatric Cardiology and Cardiac Surgery



321

BN 217V, HUDEIRE I PAZENTGT O 20mmHg 205 7mmHg ~ME N U7z, FHRICHE S BOHER
&<, THEMOE CHEfT LR, U LR 9 HHICO R VR F—FZFE LI L. @RIl
HiARPHZE % B L 72 Fontan & AEBINC X U CAAMITIENME & BRI OMiBhiRE seaic 28k U 7ol i3 7%
V. ARIEHHE RIS ERIREAZE 2 £ 5 Fontan & DIREEIEZ ZE S ¥ /e,

m
il

Fontan {2 sl PAZE 9% & i PR oD gk D
P SR D AR 0 i) 1 S S L DRI DY B
%, PRREIE ORI AATEER MR DB & Fi Efar
D EFRZFIERT L, MEPKEDEE, OEEAE
IR-o PR RIEDFN E 5 5. & 5l
BIMMERL, #ath Ol 0 A~2IcES. HZED
FERRANME— ODIRIE TN, PR HLO = A 78)
HEDBHE TRIMRDINEETH 2 2. A BREED
75 < WliEARIAZE 2 B 0F L 12 BB D P N 2.

413K 4 13 Fontan i1 45 i §HIRPAZE 2 588 T2 E
BICHT—T A > 2= 3 > & BRIERKITZ (f
BT — IS FEEREIE D 2E (LM 5 NI e &
REBR L 7. DIz ik U 72 BRI R 2 ER L —
KT H 2 DWHULEHIRIEDE &, Fkoa> bua—
WV, MERIRED EFRZGS ENTE. XX
G DEVIBRHETH D 0l LR Z IS 5.

AaisiE, AANIERI AR M ERRDAE L
TeBREAIZE 3 K UFER E N B RAWIILH S » [HETER
B9 B e g2 o Ic B X A 7e BT L 72,

E B

FER : 3
SOMA  MEPYEMRE, A0, WIRMEA RS,
SR, MBIRPHEE, mf EREHR, ARIRERS,

4 Rl RpAE

TR - D O — TR DRENEED YR T
EHZITo . 1Ehr40 6 H, 2,964g THIZAEL L&l
DX ICEW LTz, Hifi 8 O CT T FififfiRD
TTRERD SEEE N (Fig. 1A), FRRIIC FEEBOL
DFA%EZ L T A[REMED D - Tz,

2 M AR modified BT & v > b & AlEIARIE K
izt L, Mitgh 5HbEEE A ENMEEL 2
T F T TV IVERR Uz, 5 5 AR il 77
YT L 2 Fili E MBIRIE S 217> 7. itk & Holips
EFHAEARIIERTEL, OEILKIC K 246 FIE R
ZEDHETHCR E Nl BTk H IS 2 B AR D
A JVEERR 7 1% 0 ) A RRCEf T LTz,

Z D% IF I E S S 2O ER  REFED
BoNniz. 22 H HERC Fontan FHATFAG & LT
DA T —T IV R EONEZTTo Tz, DA T —
TV (3 M O BRI (& 8, ¥ N ORI
&5 FHEARIE109% of normal, RVEF 1% 59%,
PA index I& 251 Tdh -7 (Table 1. [ AFRIER T
GRFEIIRANONET TP MR 72388, (R EEI I OFE
WBERZERDIEN -T2, EE CT MAE TH FIliER
Pz (Fig. 1B), DT I—WE Tl3 @R E P
ezt (Fig. 24).

4 FhfiERpAE & HadE = A 225D 2 1,
Fontan FNEHC T E T/ A9 % T & T Fontan fEED
AT B EHIl LTz, FRIGEE DN S OEANDY ¥

M & D DELBEBENER U 2 A 20

Fig. 1 Image of contrast-enhanced computed tomography

(A) Image of contrast-enhanced computed tomography on day 8. The right lower pulmonary vein was compressed by

the descending aorta and atrium (arrow).

(B) Image of contrast-enhanced computed tomography before Fontan procedure. The right lower pulmonary vein steno-

sis was still present.

(C) Image of contrast-enhanced computed tomography 3 month after Fontan procedure. The right lower pulmonary vein
was occluded and a large amount of pleural effusion was appeared.
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Table 1 Data of cardiac catheter before Fontan
procedure

Pressure study (mmHg)

. a wave/ v wave/
Site . . . Mean
systolic diastolic
Right SVC 11 11 11
Left SVC 11 12 11
Central PA 10 10 9
Right PA 9 9 8
Left PA 10 12 8
Right PAWP 8 9 7
Left PAWP 9 8 5
Rt upper PV 9 10 8
Lt upper PV 8 7 5
IVC 8 7 5
dAo 87 43 63
End Diastolic
RV 85 6
Measurement
RVEDV (mL) 30.3 (109% of normal)
RVESV (mL) 12.5 RVEF (%) 59
Rt PA (mm) 6.2 PA index 251
Lt PA (mm) 10.7

dAo, descending aorta; IVC, inferior vena cava; PA, pulmo-
nary artery; PAWP, pulmonary artery wedge pressure; PV,
pulmonary vein; RV, right ventricle; RVEDV, right ventric-
ular end diastolic volume; RVEF, right ventricular ejection
fraction; RVESV, right ventricular end systolic volume;
SVC, superior vena cava.
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Fig. 2 Image of echocardiography

(A) Image of echocardiography before Fontan procedure. Moderate common atrioventricular valve regurgitation was

observed.

(B) Image of echocardiography after Fontan procedure pulmonary vein stenosis repair and common atrioventricular
valve plasty. Common atrioventricular valve regurgitation was improved.
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Fig. 3 Image of echocardiography after Fontan procedure pulmonary vein stenosis repair and common

atrioventricular valve plasty

The rt lower pulmonary vein diameter was 3.6 mm and no blood flow acceleration was observed.

Table 2 Data of cardiac catheter data after rt pul-
monary vein occlusion

Pressure study (mmHg)

. a wave/ v wave/
Site . . K mean
systolic diastolic
Right SVC 22 20 21
Left SVC 21 22 19
IVC 20 21 19
Conduit 20 22 19
Central PA 21 22 19
Right PA 25 21 22
Left PA 21 23 18
Right PAWP 43 36 37
Left PAWP 19 18 16
dAo 83 47 65
End Diastolic
RV 78 4

dAo, descending aorta; IVC, inferior vena cava; PA, pulmo-
nary artery; PAWP, pulmonary artery wedge pressure; RV,
right ventricle; SVC, superior vena cava.
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Fig. 4 Cine angiograms of the case

An inferior vena cava angiogram demonstrates that
only the left pulmonary artery was imaged, and
no contrast agent flowed into the right pulmonary
artery (A). An aortogram shows the large intercos-
tal arteries and inferior phrenic artery (B and C). A
right subclavian artery angiogram demonstrates
many aortopulmonary collateral arteries (D).
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Fig. 5 Image of three-dimensional computed
tomography before embolization of the

right pulmonary artery

We decided to use AVP4 for the right upper pulmo-
nary artery (PA), AVP2 for the right lower PA, and a
coil between them. We needed to select an AVP2
size that did not extend to the right superior vena
cava.

AVP 4, Amplatzer Vascular Plug 4; AVP 2, Amplatzer
Vascular Plug 2; SVC, superior vena cava.
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Fig. 6 Embolization of the right pulmonary artery

@® An 8-mm AVP2 was placed for the right lower pulmonary artery (PA).

@ A 5-mm AVP4 and 4-mm AVP4 were placed for the right upper PA. Additionally, we retained a multipurpose-type
catheter in proximity to them.

(3 We placed a 12-mm AVP2 in the right lower PA and retained it there without detachment from the catheter.

@ A 6-mm 40-cm coil and 5-mm 30-cm coil were placed between the right upper PA and lower PA using a multipur-
pose-type catheter.

(® We confirmed that a 12-mm AVP2 was placed to cover the coils and they did not escape to the right pulmonary
artery and detached a 12-mm AVP2.

® A right pulmonary artery angiogram demonstrated that the right pulmonary artery was not imaged at all and no supe-
rior vena cava stenosis was noted using a 12-mm AVP2.

@ A right subclavian artery angiogram demonstrated many aortopulmonary collateral arteries retained in the thorax

because of right PA embolization.

AT Angle fif & 2 — A0 5 FEERGRATERIC 8mm
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Table 3 Data of cardiac catheter before and after
rt pulmonary artery embolization under
ventilator management

Pressure study (mmHg)
Under general anesthesia and ventilator management
Respirator mode: SIMV PIP/PEEP 20/5 RR 25/min FiO, 0.60

. a wave/ v wave/
Site . . . mean
systolic diastolic
Before rt PA Embolization
Conduit 22 21 21
End Diastolic
RV 85 5
After rt PA Embolization
Conduit 16 15 16
End Diastolic
RV 86 2

PA, pulmonary artery; RV, right ventricle.
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Respirator FiO2 0.60-30.50-30.80-30.40

Nasal High Flow
o2
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Fig. 7 Clinical course and changes in the CVP, SpO2 and sBP after fenestration creation

CVP, central venous pressure; POD, post operate day; sBP, systolic blood pressure; SpO2, saturation of percutaneous

oxygen.
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Fig. 8 Image of computed tomography on post-
operative day 9

The hemorrhage (arrow) emerged and compressed
the heart.
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Fig. 9 Changes in the APTT, PT and AT-Ill after Fenestration creation
APTT, activated partial thromboplastin time; AT-Ill, antithrombin lll; POD, post operative day; PT, prothrombin time.
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