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Catheter Intervention in a Very Low Birth Weight Pre-Term Infant with Obstructed
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Patients with total anomalous pulmonary venous connection accompanying pulmonary venous obstruction
require early interventions soon after birth. We experienced the case of a preterm baby with infracardiac total
anomalous pulmonary venous connection and an obstructive vertical vein who underwent preemptive stent
implantation and repetitive stent dilatation followed by elective corrective surgery. The patient was delivered
at 32 weeks and 5 days of gestation and birth weight 1,284 g. Systemic oxygen saturation was 86 %, and a chest
X-ray showed pulmonary congestion. At the age of 4 days, a stent was placed at the obstructive ductus venosus,
which required transcatheter stent dilatation due to in-stent stenosis at the age of 29 and 38 days. At last, intra-
cardiac repair was performed with weight of 1,849 g at the age of 57 days. Stent implantation for an obstructive
vertical vein is feasible and effective even in preterm or low birth weight infants with total anomalous pulmonary
venous connection and an obstructive vertical vein.

Keywords: congenital heart defect, cardiac catheterization, palliative treatment, total anomalous pul-

monary venous return, stent implantation
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FLE VI ESIE R & Pl USRI ORE (congeni-
tal heart defect: CHD) O&PAZ Y. CHD IZHL
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A i & R 5 9 52 (total anomalous pulmonary
venous connection: TAPVC) DARIAHIIGHE I SVEHF
Micd o, MiFtkEH%2E (pulmonary venous obstruc-
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Fig. 1 Chest X-ray

Chest X-ray shows severe pulmonary congestion
and scoliosis.
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Fig. 2 Schematic diagram, echocardiogram, and fluoroscopic image

a) Schematic diagram of the patient’s anatomy. The four pulmonary veins join a confluence that drains the vertical vein
to the left portal vein, ductus venosus and IVC to RA. Vertical vein, left portal vein and ductus venosus form U-shaped
curve. b) Echocardiography. White arrow shows ductus venosus measuring 1.1 mm at its short axis and 9.4mm at its
long axis diameter. c) Using the umbilical vein catheter as a landmark, we inserted a 0.014-inch guidewire into the verti-

cal vein.

IWWFIS=IRANT—=T)I (T AT Ty X747
VRS, MR, BHAD, fehmismf~ 1 7ok 77—
TIVTH%, 29Fr LA ZAL—\® (SB 1T A I #k
A&, M), HA) ZHWT, Wik 7T —7
IWZHENC T 52 L T0014AYF GTIAYV—"7
YWV (FIVEMRK S, H, HA) Z2 VV A
AT&E7 (Fig. 20). HA FTA Y —OHfi AN
SEEIEEIR A T — TV S IMEER L, BEERD 5
AT 2 A LNSERD DA LTe A R A v —
ZHR L THIRE @ E Y2 FETH oz, 2.9Fr
LAZAL—=)\"IZVV & DV UFRICYE LT
WAz E e Ls o 72728, 1.9Fr Carnelian®
MARVEL (B AT« V7T a2 7 kX att, &
H, HA) ZfiHdT25ILT, 29Fr LA ZAL—
N2 AT & 7. PVO fERRTTD 17— T VA, i
Bl PVO BRIC K A MmO d - 727z
B, FERE & IME G2 T T E DI R S IL—
R 2247 > 7z. 0.014 > F Balance® 5/ 1 K7 A
v — (Abbott, Pylmouth, MN, USA) 7 /¢ fififlic I
A, LR/ NL— Trek® (Abbott, Pylmouth,
MN, USA) 3mmX15mm, 4mmX15mm T VV, VV
& DV OYI&EES, DV O3 FiZ0dhE 16 KUET
HIfEAR U 7. IS BE9R 17N — > Sterling® (Boston
Scientific, Marlborough, MA, USA) 5mmX20mm 7%
AW, 10 &ETHEER L7z (Fig. 3a). VV TEFL,
REAETEE 4.7 mm EPAEDRF L TV, AT
> MHEROITEE Uiz (Fig. 3b).
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24mm ZER L7z, L L, BEHzTUNY—%
TV Ush o fefesh, 73— U HREER A
7Y FOHTE LRI THIRE T3 % Express SD¥
(Boston Scientific, Marlborough, MA, USA) 5mmX
19mm NZH U7z, 6Fr Bright-tip® J A7« > 7%
7—7 )1 (Cordis, Miami Lakes, FL, USA) 7 i\,
WA O EE 2 A A T DR TH > Tz, ZD2®D,
NC Emerge® (Boston Scientific, Marlborough, MA,
USA) 5.0X15mm 2 /&, PAEihizimmE LD
D, WHEEFRHCFEAA T« 27 HT—T )Vt E
B CPEAERA 72 35 & & Tl ;Y L7z, Express
SD® DiENL A VV N, D U FRIDIRAE G 77 7%
AN—F B XHICHE LTz, [FRIKD Express SD”
S5mmX19mm ZEICHELZAT Y & 4mm 4 —
N=F v TIBETE T NHE LTz (Fig. 30).
IEALHNG DV 2628 5 BN H D, HENANZEH
5L T 5T (Fig. 3d). 29Fr LA Z A L—/\"
ZHWTEHII L7z VV NOFEE 15mmHg TH -
fo. FHZEETL, NICUNFEOEER=ELE. F
Bt S BaE N, GBI A > 7z, iligo.0
i ¥ e R A T AT > b IN O Il s R M i 72
A, wRAW#E 1.2m/s, PR 3mmHg N L
TWre.
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Fig. 3 Balloon dilatation and stenting for ductus venosus and vertical vein

a) Dilated by Sterling 5mmXx20mm in the vertical vein. b) Angiogram before the procedure shows ductus venosus and
vertical vein are taking a hairpin turn. c) Distal and proximal stent overlap by 4mm. d) After the procedure. White arrow

shows proximal stent protrudes into right atrium.

Fig. 4 Balloon dilatation for in-stent stenosis

a) Dilated by Sterling 6mmXx20mm. Because Sterling didn’t pass through the overlap area, the stents were dilated by
the distal shoulder. b) Dilated by NC Emerge® 6mmx12mm. We used 6Fr Bright-tip guiding catheter to deliver NC

Emerge® into the stent. ¢) Post dilation.
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Hiis 29 (E1F 363 6 H, 1A 1,393g), HRFREE
SIS X B RHRE FTAT Y FNEHEIRZf T o T2, A
NSEERIRIC 5 Fr Merit Prelude IDeal 3 — A& L,
29Fr LA Z AL —3%, 0016 1 >F GT 7T AV —°
7N ERIWT 29Fr LA Z A L—/\® % VV A
AL FHIL 72 VV N P E 1 30mmHg T
& o7z 0.014 1 > F Flexi wire (Abbott, Pylmouth,

MN, USA) ZffiA L, Sterling® 6 mmX20mm Tk
RN 10 KUE TR U7z (Fig. 4a). VV NOF
JEiE 18mmHg MK~ U7z, FHEZ# T L, NICU N
WEOEFME L. FRICHES EHEN M, SGE
M7 7z, O Dl SR MRE T AT > FAIL
IR, RV 1L.4m/s, TR 6mmHg
THolt.
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LT3 EEZTEMIC 2 EHORILREZ I TL,
ZEDTINTHRRR T Z 75 UL ONIEE IR 217 5 FEh &
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Fliis 38 (fE1F 3838 1 H, A 1,514g), 47 NSHE:
IRIC 6 Fr Prelude ideal & — A& L, 6Fr Bright-
tip® AT 4 2T T —T )V CHAER L2 i &
NC Emerge® 6mmX12mm 7% FU T 20 &UTE THREE L
7z (Fig. 4b, o). VV O FHEIE 16 » 5 10mmHg
NER U7 Ho iR b Nz & Fll L TRz f&
T UTe. FRUCHE S Bm AN, &OE I 7 -
To. MO D S R T AT > b NI ER AR
#H 1.8m/s, THIFEGE 10mmHg TH -7z

TAPVC {&1&1i

H 57 (B 14038 6 H, 1k 1,849g), TAPVC
B 217> 7. BAE LI i@ R E i C Uiz
TeO—MLHERIC K 2MAREZTo Tz, MEILRT
HEYIBL, GEWICZEH LTI AT > b2 ik &
RS OBIEE ThRZE, VV Z[E LS L. FFE
EYIBA U 7o oM B O E5 L O & e D BE 2
7-0 polypropylene x CiHifisg & L7z, L HFRRIR
L, HilEzPAsEE, AU SEEl. FaEEass LT
fiiZz# 7T Ule, NTODMEARERE 177 57, KBIR
HEWTRERIE 79 0 CTH > 7z,

firgia

Jitive I EFEVE D [RLBEOD T2 8, FatiRE A F O T8
ERCHETE Uz, fiftk 2 HEICHiRERZ ik Uz, 1l
%5 HHIC—FEM R TR ZRD 7h, itk 8 HHE
I N TIEmegan SEEE Uz, 1hitg 15 H HICEEER S
2R, WAL CHREBINDE SN, ilitk46 HH
(H#5 103, B1FE 47383 H, {AH 2,505g) I HER
Fel7z. DT a—TEifiEsEs 5iEb 1 b HE%OHZ
WRr C, HOEMEAREED D A DEAND T2 S A
B, SREOPAERE TR R <RHEL TV,

z £

BERICHT ZREOMDURY

FRERIGEMRENR & I U CHD O &A% <,
IERAEN T 1,000 (HEDH 7D 5.1 N72H, RERT
13 125 AT CHD Z&015 % V. FAfiFATED 2.5kg
KUGOREE 2.5kg LLEOREL gL, REBECHENE
M7z (10.9% vs 4.8%). & HIC, ZAREHTORIR,
HENREIECD) AV HFTH - Y. £, Fifi
RHAEED 2.5kg LUT TIE—HRIHEEH & b 2o g
NTEIETRMBEINL I Y.

FRENICBNT, ATz U 72 Blommid 55
WHIZZ T & 9§ 2 EHIEDIRENDH 272, 4
R CIIMEIE 35 LR 2 & LT ad. Yl TIEIE
37 A N Oz G U 7 B0t 217 - 7256
;79 (Table 1). 14 fIfh 9 BIAFEC L, itk 30 H
DNOFESET & 6 Bl TH > 7z, FARHE (E £

Table 1 Clinical course of premature neonates with the use of cardiopulmonary bypass

Case Sex Diagnosis Operation Gestational Einh Age at Corrected.age Neu.rological Others Prognosis
age weight (g) operation (day) at operation disease
1 F TGA Norwood 31wad 1566 5 32w2d + epilepsy Hydrocephalus Survival
2 M PA/IVS Valvectomy 34w1ld 2193 1 34w2d — — Autism Survival
3 F HLHS bPAB 33w0d 1351 11 34w4d + — — Death POD13
4 F HLHS Norwood 34w2d 1400 2 34w4d - — — Death POD7
5 F CoA EAA 35w1d 1332 2 35w3d - — — Death POD47
6 M TAPVC ICR 33w0d 1176 18 35w4d — Infantile spasm Hypoxic Survival
encephalopathy
7 F AR AVP 35w4d 2448 1 35wbd - — — Death POD10
8 M  Ebstein Starnes 35w4d 1666 4 36w1d - PVL — Death POD3
9 M AS bPAB 36w2d 2172 0 36w2d — — Tracheostomy Death 2y2m
10 F HLHS bPAB 36w3d 2142 0 36w3d - — — Death POD1
11 F HLHS bPAB 36w4d 2411 0 36w4d - — — Death POD5
12 F HLHS bPAB 36wbd 2254 0 36wbd - — Tracheostomy Death 1yOm
13 F TAPVC ICR 36w3d 2288 2 36wbd - — — Survival
14 F TAC ICR 36w0d 2502 6 36w6d - — — Survival

AR, Aortic valve regurgitation; AS, aortic valve stenosis; AVP, Aortic valvuloplasty; bPAB, Bilateral pulmonary artery banding; CoA, Coarcta-
tion of Aorta; EAA, end-to-end aortic arch anastomosis; HLHS, Hypoplastic left heart syndrome; ICR, intra cardiac repair; IVH, Intraventric-
ular hemorrhage; POD, post operative day; PVL, periventricular leukomalacia; TAC, truncus arteriosus; TAPVC, Total anomalous pulmonary
venous connection; TGA, Transposition of Great Arteries
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Table 2 Summary of previous reports of stenting for infracardiac total anomalous pulmonary venous con-
nection
Gestational Birth weight Age at 1st Bod ight at 1st
Case Diagnosis estationa rth weig . ge a -s ° -y welg .a s Method of 1st intervention
age (9) intervention intervention

19 4 (1a+3) 32w 1700 d2 — Stenting to DV 4*20 mm coronary stent
20 3 30w 1500 d13 — Stenting to DV 3.5*13mm coronary stent
39 3 — 3200 d2 — Stenting to DV 4*24 mm coronary stent
47 3 38w 1270 d16 — Stenting to DV 4.5*9mm coronary stent
59 3 31w — 3w 17759 Stenting to DV 4*16 mm renal artery stent

Age at 2nd Method of 2nd Age at 3rd Method of 3rd . Body weight .

Case . . . . . . . . Age atoperation ) Prognosis

intervention intervention intervention intervention at operation

19 d16 intravenous — — 3w — Death 2m
urokinase
20 — — — — 5w — Survival
39 — — — — d4 — Survival
47 2m Redilation 5mm — — 3m 2kg Survival
balloon
59 5w Redilation 6mm 7w re-stenting — — Death
balloon 6Xx12mm renal

artery stent

*Diagnosis is based on Darling’s classification.
DV, ductus venosus.

35 LU 7 B, 2 I THEHENHIMZ SGOFL, R
IIER] 1 CREBRRARANGRBIERTR Lz, TAD
o, FURZISZ LT F8E UTERID 1 B3 DH - 7z,
E1E 36 HE TIERBZEN Mz & 0F L 72iERNE & <,
1 BT PVL Z&0f LTz, HENICHRS 2 BHOIR X SE
CREL, BGHEDY A7 E @m0z, AEFIDX S
ICATREZR IR O 5K LRI O AR LT O E L e
EZbhiz.

o — 2 0EIR

3EIDHT—TIVIEHEDNT N TE Merit Prelude
IDeal > — A%z Wz, ¥ —ADEZRNBENTZD, [F)
B D> — 2 L L LN K E L, SMED/NE L.
ZD®, MEICHT 2REZIZ, HDIYL—
ATV N ORI Z LTS T N TES. g, K
EREROAT—TIVBRICH T2 > TE X D LD
FHEEZBNS.

7 7O—F &R
CNETICHE XN T3 FOIEE TAPVC I &bt
L7z PVO A\DHATHT— T IVIGHECIE, IR ©,
HNSERIR 7, IS ASEIRE M Tz

RIEERIR 22 AR U T2 SR DA DS IR D2 T
D, AEFID & 51 MIRD B BIREIC AT T OB
Tldah-ok. b, MAEBMEEZHEN, Ik
HIRDEB L Tl o T, BWiE CHZEL, Wis
RANESE L T I EH TR 0 7 7 0 —F- 7 58HR

LWz, BEAEDEIRE D&, HOREEHIROMERA AT
REZRRERI TSR 70— F I3 nRETH 5.
HNSESHIRD 5O 7 T a—FTlX, SHIRE O
WMERRNC R 5728, hT—TI)V2ffALRTWV. L
MU, BIREDEEICHKEL TV AREHREAA FY
AY—DFACEER T2 T ENTRENS. KREHIT
&, ABHRICHEEIR Y 77— T VR R L, #lalhT—
TINEBRRFIC ANV =)V Lz, A RITAYv—
Of AN EE IG5 R A 7 — 7 )V S IE &R
U, WE&IRD D AT 28N LINSEEIRD DA L7z
A RTAY =72 U THIRE 2 BRE ¥ % TE T
Hoiz.

BRI 70— F SRR RN ERIR OV h
&L WIGAICERE N,

AT FOEREIGRIEOEIR, BILROZAZI Y

ASEGITUE MR S FIRE IS TIAEL TEH
D, MEEFUZFHICETLTWE 207D, FiR
P U H AR A7 > kT % Wallstent 6mm
X24mm O EZ BTz D, PeAz@E Ukh o
1e eI\ )V—ERAIA T 2 - O Express SD 5mm X
19mm Z¥E Lz, w#RICEAL T, BCHEERMA
T ¥ ME V= AR A TV M ITHAN TR AR
BV ENBH, AMEFO XS KEih Lk
FILTIENIHTH x 5. wB#ilRASEAANERT > -
WA Z 645 2 & TAT >V FNAEZ A TIC
LT BHREMN DS, UL, AEFITIERAILE
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Table 3 Clinical course of premature neonates with total anomalous pulmonary venous connection in our

instuitution
Gestational " Corrected Body Neurological
Case Sex Diagnosis weight . age at weight at  IVH . Others Prognosis
operation . . disease
(9) operation operaion (g)
1 M 3 33w0d 1176 d18 35w4d 1105 — Infantile spasm Hypoxic Survival
encephalopathy
2 F 1b 27w6d 1378 2m6d 36wbd 1340 - — — Death 1y3m
3 F 1a 33w4d 1606 1Tm3d 38w0d 1700 - — — Survival
4 F 3 36w3d 2288 d2 36wbd 2288 - — — Survival
5 M 4 (1b+2b) 32w6d 1505 3m3d 45w2d 2780 - — — Survival
6 M 3 36w6d 2744 Tm6d 41wbd 3700 - — — Survival

*No cases of catheterization before TAPVC repair. *Diagnosis is based on Darling’s classification.

TEAHEMNA~5mm BEICRENS ZDE ATk
IR L Zah o Tz

ATV MR, O DS E R T VV DR
KEMN 6.1mm D7z, 5mm FZ2HEIRL, BRAIC
6mm £0/V)b— Y THYE Lz, 5mm KD X T
¥ M TREEDATI7IC75 D migration 9% ATREMEAD
Ho, FIAT Y FAPARERE LT L &S ATREMED
Ho, TTA—FDEIFTRO KEWEZMEIRT 5 /78
& L%, FDIEE TAPVC OFERIAAERRADAH
T—T VB OB Z Table 2 IR, A7 > ML
ZEREIBFETHO, 2~3 @AM & OFILEZEL T
Wz £z, WEALESEENC K 24z
FT%L, BMYNCAT Y PR EENELICKD
Il E P UME R U, JRZAERIC B 2 Kl &
IC K BB ZAAER, i REOHTHPEOA20O
EITNTHENS. ATV MEEREL TR LTH
NAZ TOHMZEL TE2MHEMEDND 2, AEH]
T 3EIHD AT — T IVIRERHC T3 B HRER DS 5
NTEHL, BIMOAT—T IVIRERIENRHE O
REeEZ Tz, M THEENICH LT TAPVC &1z
1o 6D, 2 FIMMUKHAAERTH 7
(Table 3). fEfA 2738, 1,176g THIZE L7z 1 HilA%ERE
HICIELC L, 580 5HIEAEFELT0S. ARERX DK
KETH 3 1,700g THA LIIEFINEFL TV T2
DI ATRETH % LKW L 7z

COED HinatEZZ T 5 LT, #EDW,
TGRSR, FERRL, R OB E SR, R
EERARR, BXUZMT — LIC B 5 0kt
HEE Bbni.

=R
ma oA

FaMfipiRE RS H 2 B 0F L 7e R E R E o U
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AT MEENEITV, ATV B NERAERHE T —
TIVIC K B REaRE B LTz, WO REA L (KB In %
TEBEIRL, FEaRHCOBARFR 21705
PHER ST 5T N TER.

FlEER
RIS DONT, HANUEE S A2 DED 2 R I B9
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WML,

R BRSO, T— ZURICBIG L,
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