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Current Status of Ductal-Stenting as the First-Stage Palliative Strategy
for Congenital Heart Disease with Duct-Dependent Pulmonary Circulation
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Background: The Blalock-Taussig shunt (BTS) is the standard first-stage surgical palliative treatment for con-
genital heart disease with duct-dependent pulmonary circulation (CHD-DPC). Although ductal-stenting (DS)
is rarely performed, it is feasible and safe for patients with a high perioperative risk.

Method: We retrospectively investigated four patients who underwent DS for CHD-DPC at our hospital. The
data of patients who underwent DS and BTS (n=76) for CHD-DPC were analyzed. Then, an intergroup com-
parison of perioperative complications and mortality rates was performed.

Results: All patients successfully underwent DS. After DS, two patients required medical treatment for heart
failure secondary to increased pulmonary perfusion. After 1 month, re-in-stenting was performed due to
in-stent restenosis. One patient developed total occlusion at the approach site of the right femoral artery
(FA). Therefore, balloon-expandable stents were deployed into the FA. With regard to prognosis, one patient
underwent the bidirectional Glenn procedure and was waiting to undergo the Fontan procedure. Moreover,
two patients underwent the Rastelli procedure. One patient with trisomy 18 was discharged. The perioperative
complication and mortality rates were higher in patients who underwent BTS with extra-cardiac anomaly or
chromosomal abnormalities than in those who underwent DS.

Conclusion: DS is an effective first-stage palliative strategy for patients with a high perioperative risk. Moreover,
DS can be further improved by optimizing the stent size and approach site.
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anterior descending coronary artery: LAD) Bz}
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CHD-DPC
n=80

DS BTS
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No complication
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Complication

n=2

Re-intervention

Discharge Rastelli Glenn
n=1 n=2 n=1

Fig. 1 Clinical course of overall 39 patients who

underwent their first palliation during the
study period and summary of 4 patients
who underwent DS

BTS: Blalock-Taussig shunt, CHD-DPC: congenital
heart disease with duct-dependent pulmonary cir-
culation, DS: ductal-stenting
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Table 1 4 cases profiles of DS from 2007 to 2019

Case No. 1 3 4

Year 2007 2014 2017 2019

Diagnosis PANSD DORV/PA TGA/VSD/PS, SCA PA/IVS, SC, LAD
interruption

Extracardiac complications ~ Pulmonary & renal 18 trisomy None Low body weight infant

hypoplasia

Age (days) 62 29 b3

Body weight (kg) 3.6 5.1 3.1

PDA size (mm) 4.0/3.9/12.4 4.3/3.7/16.7 3.1/2.3/8.5 6.4/2.8/15.5

(Ao/PA/length)

Device Driver 3.0xX9+3.0x12 Multi-link8 4.0x12 Integrity 3.5X9 Multi-link8 3.0x18

Approach RCCA cutdown LCCA puncture LCCA puncture RFA puncture

Complications None None High flow High flow
RFA occlusion

Re-intervention None None Stent in stent Stent in stent

Prognosis Rastelli Discharge Rastelli Glenn

BAS: balloon atrium septostomy, DORV: double outlet right ventricle, DS: ductal stenting, LAD: left anterior descending coro-
nary artery, LCCA: left common carotid artery, PA/IVS: pulmonary atresia with intact ventricular septum, PA/VSD: pulmonary
atresia with ventricular septal defect, PDA: patent ductus arteriosus, RCCA: right common carotid artery, RFA: right femoral
artery, SC: sinusoidal communication, SCA: single coronary artery, TGA: transposition of great artery
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(Medtronic Inc; Santa Rosa, CA) 7 stent in stent T
Bl s, BRESEKZAIN—F5ENT
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¥, DSz i Sk s niz. £& 11 A,
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IRE I ZE L T4, MULTI-LINK 8® 4.0X12.0mm
(Abbott; Chicago, IL) ZHE L7z (Fig. 3). TD%
DORIE BIFT, HRMNITHEEBITHREER - 72

JE 3%, TGA/VSD/PS, 4i=#JEKIEK, Hi—
HEEIRT, ZOBBEOGENETH 7. DSICKD
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Rosa, CA) ZH¥i#& UIEMZH K213z (Fig. 4).
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Fig. 2 Case 1: DS for PA/VSD, lung and renal hypoplasia

A) Lateral view of ductus arteriosus angiography revealed almost vertical and originating from transverse aortic arch.
B) Angiography after DS. PA/VSD: pulmonary atresia/intact ventricular septum

A

Fig. 3 Case 2: DS for DORV/PA, 18 trisomy

A) Lateral view of “straight” ductus arteriosus angiography revealed originating from thoracic aorta. B) Angiography
after DS. DORV/PA: Double-outlet right ventricle/pulmonary atresia
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T&E® (Fig. 5), % 8MH, k&H 6.4kg T
Rastelli FfficEE L 7z,

JEG] 4 1&, DT I—MEICT, PA/IVS, HERE
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T VY VBBIORR G TEEL, DEREO
IMED 728, Hiili 22 1 static BAS 17> 7. Z D
Ot ERIER T, LAD @l & SC 5 Ol 17
BTz, F iz, static BAS FICOER F, 1T 10T -
aVF i T —i# i ST ERMNHBIL, HZERAL
WO K BEERK TR EEZ SN
2T, BNBRICyay 7 ERLEMAESH D, B
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Fig. 4 Case 3: DS for TGA/PS

A) Lateral view of ductus arteriosus angiography revealed vertical and tortuous ductus arteriosus originating from trans-
verse aortic arch. B) Angiography after DS. PS: pulmonary artery stenosis, TGA: transposition of great artery

Fig. 5 Case 3: Chest X-ray and four chamber view of two-dimensional transthoracic echocardiography

A) pre first DS (day 3): CTR is 51% and RVEDAI is 15.9cm?/m?. B) pre Rastelli procedure (8 month): CTR is 64% and
RVEDAI is 23.2cm?/m?. CTR: cardio-thoracic ratio, RVEDAI: right ventricular end-diastolic area index

ERR A BMKAFMEEER (Right ventricle dependent
coronary circulation: RVDCC) A/RME Nz, T
SOMEMNS, JARAO.LHIEIMD Y A7 i &4
WL, #EOEEERRREE LT DS Z@& R L7z, Hifm

ARNRBERSBSFRIME £36F F45

53, 1k 3.1kg T DS Zfiif7 L7z, ASEHIOHIRE 1E
KENR OB S DRGET 2IERETH D, Fi kM
@ik 7 —F & L7z, Parent Plus 30° (X5 ¢ 3
MMEAXSAHE  BED A5, LEONIS Mova HF™ (¥4



299

Fig. 6 Case 4: DS for PA/IVS

A) Lateral view of ductus arteriosus angiography revealed mild tortuous and obtuse insertion into the thoracic aorta.
B) Angiography after DS. PA/IVS: pulmonary atresia with intact ventricular septum

A

B

Fig. 7 Percutaneous transluminal angioplasty for the right femoral artery
A) White arrows show the occluded right femoral artery at the puncture point of the previous procedure. B) Recanalized

right femoral artery.

N—=7F4 1 ; H5) & 0.014 inch GT wire™ (7)V
EMRASHE D CTEIIRE 2 UREhRIC 2 L
7z. Z 0% 0.014 inch Flexi wire™ (Boston Scientific;
Malborough, MA) IZ ANV A, FMBIIRA Tz L
72 IRAE T4 E T, MULTI-LINK 8® 3.0X18.0mm
ZRE L 21 atm (3.4mm) X CHILE LUz, WS
WC, AT Y MEETHEIRMICHENLL TWzd o
D, MiEhROPAEZRD T FH 2/ T LIz (Fig. 6).
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ISR) Z#Rbit=8, Hilin71, 1Kk&E 3.5kg TAT ¥k
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15 atm (4.39mm), ffi#IARM 12 atm (4.0mm) T
BIR U7z, 2D, GRMEINROAZEZMHERE L /2
7z, 0.014 inch ACS/NA ML INSG VA A R
A ¥ —™ (Abbott; Chicago, IL) TRHilif%lc RX Trek
2.0X15.0mm™ (Abbott; Chicago, IL) THEXRILE L
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D& A 7 — 7 V& Z T Uz, BRIt 1.08 &
f MR OENE & <, &Y 2.8 units-m? & 774
#HPHTH T2 DD, KERH 95/23 (48) mmHg &
RIEDE AN D O, WEIRILTICERESNRS 25, 7
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FeRFEH PR OARE 269 H 8 (HED 13 20%E
Bl (26.3%), HLEWEE (LED & 56 iEh (73.7%)
olz., DAVEREFEONRIE, ZHAE, BSRER
B, VATER H B ET, REMEEFEONRIE, 21 b
UV I—, 22q11.2 REGEMRE, 47, XXX HETH -
fe. AMREAEOHER, 31 5ER (40.8%) <D\ 41
(53.9%) B, WaRIF > v >~ FEAZE, HEPRIAZ, K
Wl EHRE RIS, RAbROERRE, w2 7, 1k
SRR N THf - (Extracorporeal membrane oxygen-

ation: ECMO) I K 2 @A 5, FLEEM, Mamise,
DfilE%ER 8T ot (Fig. 8). 9%EH] (11.8%) T
Wi TENOHFMZEL (ki K T o HEhE K~
FR<), 3HERI (3.9%) MMtk 90 HLANICHET L 7z.
IHIC, HEHI LB LR LT, AMHAIHEDRE
RINEEICED > (HEE: 13/20=65.0%, LEE:
18/56=32.1%, p=0.016). FTHEHRPIECRIE HEET
FWVEAICH 2 E DD, HEAZRDEN Tz (FF
= HEE : 4/20=20.0%, L#f:5/56=89%. 3 1=
FHEE:2/20=10.0%, LEE:1/56=1.8%) (Table 2).
DSJER & HEEE DL T, AREAZRDEDI ST
EDOD, HPHEFAERDIETHRIE DS JEF] T A
ICH > 7z (Table 3).

% 7z, PA/IVSITHI % BTS fitif 761 11 JEHIH >
7z. 95 9JERE SC DFENRE T, ANLOHITT
IRBIIRIE 23BN U 7z 5 ez 58, TN Ok
AR R Z RS IERNT A - T2, RO D 2 JEFNZ A E

Chylothorax. Stroke. ctc GG (5
T
ECMO I 2
High flow shock [N 3
BTS stenosis or occlusion [N 4
T
Mediastinitis [N 3
Diaphragmatic paralysis [l 1

Recurrent nerve paralysis [NRNRNRDDN 10
0 2 4 6 8 10 12 14 16 18 20
(case)
Fig. 8 Cumulative number of BTS complications
for CHD-DPC in our institute since 2007
until 2019

ECMO: extracorporeal membrane oxygenation, t:
90 days’ death from the operation date.

Table 2 Patient profiles, morbidity and mortality of BTS

H group* L group* p value
N (%) 20 (26.3) 56 (73.7)
Age of intervention (days) 60 (43-90) 43 (28-69) 0.04
Weight (kg) 3.59 (3.17-4.43) 3.68 (3.31-4.36) >0.05
Male N (%) 12 (60.0) 35 (62.5)
LOS days 42 (19-84) 22 (15-33) 0.008
Acute complications NV (%) 13 (65.0) 18 (32.1) 0.016
Re-interventions V (%) 4 (20.0) 5(8.9) >0.05
Death NV (%)** 2(10.0) 1(1.8) >0.05

*: “H” means a group with PA/IVS-RVDCC or multiple malformations or chromosomal abnormalities, and “L” means a group
without that. **: 90 days’ death from the operation date. BTS: Blalock-Taussig shunt, LOS: length of stay from the operation
date, PA/IVS-RVDCC: pulmonary atresia with intact ventricular septum and right ventricule dependent coronary circulation

ARNRBERSBSFRIME £36F F45
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Table 3 Comparison of patient profiles, morbidity and mortality of DS versus BTS

DS H group* p value
N 4 20
Age of intervention (days) 58 (47-133) 60 (43-90) >0.05
Weight (kg) 3.45 (3.10-3.90) 3.59 (3.17-4.43) >0.05
Male N (%) 0(0) 12 (60.0)
LOS days 38 (12-82) 42 (19-84) >0.05
Acute complications NV (%) 2 (50.0) 13 (65.0) >0.05
Death N (%)** 0(0) 2(10.0) >0.05

*: “H” means a group with PA/IVS-RVDCC or multiple malformations or chromosomal abnormalities. **: 90 days’ death from the
operation date. BTS: Blalock-Taussig shunt, DS: ductal-stenting, LOS: length of stay from the operation date, PA/IVS-RVDCC:
pulmonary atresia with intact ventricular septum and right ventricule dependent coronary circulation

BRI ST, 1IERE SC DFENZFHIHTH D

&9 IEBNIIER] 4 & FIBEIC LAD EEWi 238, &
& & RVDCC AR E Nz, miEdRakEy (47,
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A (Japan Cardiovascular Surgery Database: JCVSD)
FERMEMIC K B &, ARFRICI 2 RBTEIIR AT X
20154F, 2016 4ED 24EMT117961H 0, 5661 (4.7%)
it 90 HEANE U < IEFEREIcFEL Lz @, Wiz
D BTS JEBNCIX, JFEGI 1 D K 5 Il S ks 7T
W - PEERE P A 9 2 ER R OMMEREE I3RS, &
7z, JEFI200 18 R Y I —D X I ITEMTHEDME L
W KR SIS o Tz, Thicshhb b
3, HEOIELHR 10.0%1& JCVSD O D 2 500 |
THY, GHHEFRERIZ DS GEF] & g U T
ZHote. TOXIHEEMND, HiFREDOX D HE
FIER] 1 EHEF 2 Tl DS ZRER U7z

JEB 3 1& TGA/VSD/PS TANLE 75 BB AR NEd 7 il
FDT=8 DS DILIE > 1=h, TNEF THNUX BTS
LRINFETHo 7. LH L DS THIUSBILEEDH

D AT b OBIMC K © BRI il fi i 8 B

L, BOHZRET & & 0ENMRERIC 59540
BREXENT ST EDAHETH S EHIWIL, =&
MIC DS ZRHR L. chick b, UHIOTFTEELERED
Rastelli iz #IAI DB & T3 ENTE .

JE B 4 (X PA/IVS T RVDCC AR E Nz 7z 8,
ANTDHiZ WS BTS 2175 T &b Mat Lz, Ly
L, BTSJEH| TRVDCC H /R & N7z PA/IVS D 2
SEFNE EB 5 & NTOAIZHWEN -T2 DD, KiNL
BESMNTICTERARZ &1L ECMO EHZE L Iz
0, DR ERIC DR ZFIE L2 DT 575 ED,
RVDCC ICHNKT % & b3 G HIEZ R T
Wiz, C4BEO BTS SERNCIE, A L0 T T OlEhk
ez 1T LIIER & B EN TV 28, DSJER &
DML EIE TE RV, BTS ToMfifliiay k
O— LR EFNEHEAT LERS LRV AT, 2
BERE & E[E LT DS 2R L7z, RVDCC AfdD PA/
IVS ICH 2 HRIRTEIZEZTHD 7, FETFHiE L
TR EN IR KE4& 15 217>, Fontan B T4l 2 & i )2,
eI 2NRNARO7ILIY XLHHEILTVS L
DO, KIRERFHE FIC X B CHIDRDENB Y.
JEAE, PA/IVSIZ KIS % BTS DR ER¥E L LT, DS
DML HNER T LI 013 H 55,
RVDCC &Il 351 2 iRz Lol U 7= igeld 7L
W5, SBREIFICT YA > S NHi G HTTIZED
LEN5.

FE 21X 18 FU Y I—Icxd 2 DSTHH, 7D
i LWAEM PR EEOFEERIC KD, Blxia
BENEZ DN TELEUNDH B eh b, o 3 JEH]
D DS LIFBBEN ADEERS VNI S, EE, Wil
OE-ZEHEL, 18 MUV I —ITx L THEMmA A
BRI EIDASNED, 2 EMifmiREEinALo .
PRI BEEE T TH D, BTS DMEHNSIEH
IAENIY MEHC BT S 18 R U Y I —ITHT B U
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Table 4 Comparison of groups with and without congestive heart failure after DS

Y group* N group** p value
N 3 3
Body weight (kg) 3.30+0.20 4.50+0.79 >0.05
DS size (mm) 3.560=0.50 3.66=0.58 >0.05
DS size/Body weight (mm/kg) 1.05+0.08 0.81=0.02 0.009

* “Y" means a group with congestive heart failure after DS. **: “N” means a group without congestive heart failure after DS.

DS: ductal-stenting
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Fig. 9 Classification of the ductus arteriosus
depending on the origin from the aorta
and course to the pulmonary artery

A) group 1: “straight” ductus arteriosus with obtuse
insertion (<90°) from the thoracic aorta. B) group 2:
“intermediate” ductus arteriosus with a more angu-
lated course (90-135°) . C) group 3: “vertical” duc-
tus arteriosus originating from the transverse aortic
arch. D) group 4: ductus arteriosus arising from the
innominate or subclavian artery, contralateral to
the ascending aortic arch. PS: critical pulmonary
stenosis
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