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Background: We aimed to study the efficacy and safety of transcatheter closure of the ductus among neonates
and young infants with patent ductus arteriosus (PDA).

Patients and Methods: Of 25 subjects with PDA, we compared the adverse events in 15 patients who underwent
transcatheter closure and 10 patients who underwent surgical closure.

Results: Age (115 days, range 6-212) and weight (4.20kg, 1.62-8.79) at procedure, pulmonary to systemic flow
ratio (3.54, 1.06-8.08), mean pulmonary arterial pressure (28 mmHg, 12-60), and ductal diameter (4.3 mm,
1.1-8.8) did not significantly differ between the groups. Within the transcatheter closure group, we used
Amplatzer™ Duct Occluder (ADO) in 8, ADO-II in 1, and Amplatzer™ Vascular Plug-II (AVP-II) in 6 patients.
Complete occlusions were attained in all but 2 patients, following successful surgical closure. There were 4 major
adverse events in the transcatheter closure group (1 device migration, 2 transfusions, 1 pneumonia) and 3 major
adverse events in the surgical closure group (1 chylothorax, 1 respiratory failure, 1 coarctation), which did not
differ between the groups. There were no deaths related to either procedure.

Conclusions: transcatheter closure is feasible, but the risks of major adverse events were noteworthy.
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The family of Amplatzer occluders to close the ductus

(A) Amplatzer Duct Occluder, (B) Amplatzer Duct Occluder-ll, (C) Amplatzer Duct Occluder-llI-Additional Size,

(D) Amplatzer Vascular Plug-Il.
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Fig. 2

Fig. 3
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Two cases of infants with patent ductus arteriosus who underwent transcatheter closure

Upper: A 2-month-old, 3.8-kg boy with patent ductus arteriosus (Krichenko type A) presented pulmonary hemorrhage
due to excessive pulmonary blood flow. The diameter of the ductus, the ratio pulmonary to systemic blood flow and
the pulmonary arterial pressure were 4.2mm, 8.2 and 48/25 (37) mmHg, respectively (A). A device (arrow) was intro-
duced through a guiding sheath that was placed from the pulmonary artery to the descending aorta (B). Amplatzer Duct
Occluder 8/6 mm was deployed (C). An aortogram after the device closure showed no shunt (D). Lower: A 6-month-old,
6.3-kg girl with patent ductus arteriosus (Krichenko type C) presented heart failure and pulmonary hypertension. An aor-
togram showed the ductus diameter of 5.2mm (E). A device (arrow) was introduced through a guiding sheath that was
placed from the pulmonary artery to the descending aorta (F). Amplatzer Vascular Plug-Il 8mm was deployed (G). An
aortogram after the procedure showed complete closure (H).

RIZfiz

Serial changes in chest X-ray findings in a 2-month-old boy with patent ductus arteriosus who
underwent transcatheter closure (Fig. 2, Upper panels)

A preprocedural X-ray showed groundglass pattern on the bilateral lung are due to pulmonary hemorrhage (Left). On the
next day of the procedure, pulmonary oppacification was improved (Center). 3 months later, chest-Xray showed almost
normal finding (Right).
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Table 1 Comparison between patients with transcatheter closure and those with surgical closure

Catheter closure n=15 Surgical closure n=10 p value
Gender, female 10 4
Gestational age, weeks 38 (25-40) 38 (36-41) 0.662
Birth weight, kg 2.75 (0.64-3.22) 3.00 (1.70-3.49) 0.128
Chromosomal anomaly Trisomy 21: 7 Trisomy 21: 4 0.534
Loeys-Dietz syndrome: 1
Age at procedure, days 125 (13-212) 86 (6-129) 0.165
Weight at procedure, kg 4.20 (2.88-8.79) 4.07 (1.62-6.18) 0.471
PDA diameter (pulmonary), mm 4.3 (1.1-5.8) 4.4 (2.7-8.8) 0.677
Qp/Qs 3.6 (1.1-8.8) 3.5 (1.5-6.6) 0.891
Mean PA pressure, mmHg 28 (16-60) 28 (12-38) 0.796
Krichenko classification A:7,C:6,E:2 A:4,C:5,E: 1
Risks at procedures Respiratory support: 4 Respiratory support:2
Pulm hemorrhage: 3 Infection: 1
DIC: 1
Anemia: 1
Infection: 1
RDS: 1
Procedural time, min 103 (65-143) 74 (49-100) 0.033*
Procedural success 13 10
Major AE 4 3 0.601
Device migration:1 Chylothorax:1
Transfusion: 2 Respiratory failure:1
Pneumonia:1 Coarctation: 1
Minor AE Acute leakage: 3 (Late leakage:0) Acute leakage: 1 (Late leagage: 0)
Thrombocytopenia:2 Atelectasis: 2
LPAS: 1
Duration of postprocedural 4 (2-8) 12 (9-30) 0.095

admission, days

Qp/Qs; the ratio of pulmonary to systemic blood flow, PDA; patent dctus arteriosus, PA; pulmonary artery, AE; adverse event,
DIC; disseminated intravascular coagulopathy, RDS; respiratory distress syndrome, LPAS; left pulmonary arterial stenosis,

Asterisk means statistical significance.
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Table 2 Comparison between patients who underwent transcatheter closure using Amplatzer Duct

Occluder and Amplatzer Vascular Plug-I

ADO-1 n=8 AVP-Il n=6 p value

Gender, female 6 4 0.594
Gestational age, weeks 38 (25-40) 38 (25-38) 0.114
Birth Weight, kg 2.56 (2.21-3.22) 2.82 (0.64-3.14) 0.272
Trisomy 21 5 2 0.296
Age at procedure, days 107 (16-212) 118 (13-131) 0.440
Weight at procedure, kg 4.5 (2.90-6.43) 4.12 (2.88-6.27) 0.310
Systemic O, saturation, % 97 (93-99) 98 (87-100) 0.423
Qp/Qs 3.5(1.11-8.21) 3.73 (1.06-8.80) 0.371
Systolic PA pressure, mmHg 42 (22-56) 52 (38-80) 0.058
Mean PA pressure, mmHg 27 (16-38) 34 (22-60) 0.109
PDA diameter (PA side), mm 4.2 (2.4-4.7) 5(1.1-5.8) 0.174
PDA diameter (AO side), mm 7.6 (4.6-12.0) 8.4 (4.5-9.4) 0.430
PDA length, mm 8.5 (5.7-11.2) 8.9 (5.0-13.9) 0.378
Krichenko classification A6 C1 E1 Ch E1
Procedural success 7 5 0.692
Procedural failure 1 1
Procedural time, min 111 (70-143) 92 (65-134) 0.252
Fluoroscopy time, min 18 (12-38) 17 (12-29) 0.417
Duration to discharge 8 (2-35) 3 (2-64) 0.363
Major Adverse Events 0.164

Death 0 0

Device migration 0 1

Anemia (needs transfusion) 0 2
Minor Adverse Events 0.164

Acute leakage/Late leakage 2/0 1/0

LPAS 0 1

COA 0 0

Transient thrombocytopenia 2 0

Values are presented as median (minimu-maximum). ADO; Amplatzer Duct Occluder, AVP; Amplatzer Vascular Plug, Qp/Qs;
the ratio of pulmonary to systemic blood flow, PA; pulmonary artery, PDA, patent dutcuts arteiorsus, AO; aorta, LPAS; left pul-

monary artery stenosis, COA; coarctation of the aorta
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Fig. 4 A 4-month and 4.2-kg girl with Krichenko type C patent ductus arteriosus

The diameter of the ductus, the ratio pulmonary to systemic blood flow and the pulmonary arterial pressure were 5.3mm,
3.8 and 60/18 (33) mmHg, respectively. An Amplatzer Vascular Plug-Il 1T0mm was deployed, but the left pulmonary

arterial narrowing occurred.

Fig. 5 A 4-month-old and 6.3-kg girl with Krichenko type C patent ductus arteriosus
The diameter of the ductus, the ratio pulmonary to systemic blood flow and the pulmonary arterial pressure were 5.2mm,
3.66 and 80/40 (60) mmHg, respectively (A). An Amplatzer Vascular Plug-Il 8mm was successfully deployed (B), but on
the next day, the device was migrated into the left pulmonary artery (C). The migrated device was retrieved percutane-

ously (D).
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B LTz, JERICHEDWTINA A TH B 12/
BY—ATOYBERFEEL LIZT &R, HARFIRIC
J& Tz 781 ZADFHRIEDN LN - 722 & T, KAENR
DR 7 — T IVENIRE BASHIR N O RTRELE WA - T &
7= 10)'

Pamukcu 5 (& /K5 2kg Afiii O PDA JERIC BT %
KT —TIViRERE (n=26) LS EHARRE (h=31)
DL IT, T —T JWRIBERETIE T3 A A% 2
fl, D2 RF—7 16, KRGS 1 flTH-o7z0
WXL, AVEREEERE CIEMERIAR L LUz 2z h
LBITDTH D, GHHEREIBEINFRIC 2 BEHICH
B AN TREMEL TS W, AFRICHT B8
42 - LIRS PDA ISx 9 % h 77— T VRSB # D
FRERIZ, 2010 FEICEH 5D a1 )VIBFEORER 2
L, & ekg Rifi ClESHHEMENE W EME LT
WBH Y, Amplatzer BB L COMSIZIZE A
Ei. KBS T AT — T )Vik ¥ 15 6] & S RHAERE
10 51l F Bl 72 LLlghRat U, 217 — 7 ViR TN
&2 B A 3 72 8% 5% U 72 b 12 Bl BHSHIC BE
N7z, WINEETHIEEh>7zdD0, FEL - it
JEGPHEIC B U T MBS TH 0 h 7 — T )ViREEN
T LENRHER I D EN TV S LIdFSwmTE ah -
fz. Ud Uit s> DIC &5t 7x &4 RhiaEE ) X 7
DEWVIEBNT N LT H LRI H T —T IVikE 2 Hii T
T LIINEITRETHS. KIK, T —TIViRkE
BHC B BEAXAHHER 150HF 46 27%) TH Y,
INSOEIHEZEEL T R385 % LT
BINEESHEVWEAS.

WCKEEE D 5, FiA W - ALY O Amplatzer
PASHAR 72 (] U 7282 0 7 — 7 )V B IR B BE AR I B L
T2 O DOHENH S, 1995~2005 FD T FH X
NGRS KUY VT o T AN B ORE<
6kg OHEN - FLRBNCISIT % PDA 17— T IVikkE
62 HlDRERIC KB &, HHT/NA AL LTarf25
i, ADO 33 #il, Gianturco-Grifka F#7 /31 A (K
FEARKFR) 4B THO, TAINIBEEABITHHTZ
o TEGI B - 7oy, M SER] TIXEHSERTHE T
HolbWELTWVS P, BHEE LTI, KIESH
IROIUG & =R E O 1 B (A 2.5kg), i
ifi 3 6, NEHEEANOBITABLHEL TS, »
FTNE A IVBEDORHRITE U283 DT ADO D%
IC XD LRRICHMT 5T e EEL 72D, (KE >4kg
THNEXLRITIHEBERETH S L LTS, AE25
~4.5kg TH>TE PDA DZIRA K 778 A H %
FERTIREZERN BN ADO T/3A ABEH Lz A

ARNRBERSBSFRIME £36F F£25

T—TIVEBRE SR BHRE L TRV ERRL TV 5.
X7z, RKEL YA Y -7t (IMproving Pediatrc
and Adult Congenital Treatments: IMPACT) »5®D
Rk #H<6kg ® PDA 71 7 — 7 )V $HIA #E 747 B (73
fizt) O 5FMOEEHRE TIE, 585D PDA
2 (B ARMD 3.0 22~3.6) mm TH D, BT
INA AU ADO {# %1 38%, AVP-II i A 5] 36 %,
AVP-1 i JH 1 13%, ADO-ILf§ifH#Hl 11% CTH -7z &
WELTWS O AR TR TN ADES N
% & DD ADO i {5 53%, AVP-II {ii Fi il 40% T
& D IMPACT %% & [AlB§Ic AVP-II O ffi B &%
Mofz. THUEHER - ILRICAR 2 BT 2R
PEPDAICBWVWTIE KB CHOEENZ K5
B, RIRIC AVP-1T OGN Z K2 M d %
LEZ26N%. £ IMPACT %5 Tl&, HEAAHHE
W I13%ICHET, T84 ABED 18] (2.4%) Tix
2L, RBEREE UIEAEIR1.7%, THEAT
i 12%, HiM$5 11% &fenfe. fhE<e6kg O PDA
NT—TIVIREOEKGHHERIE, PDA AT —T )V
IBHERIRD 5~10 5@ <, % 30 HARMOBEEIN
ARICERGIHERICBIEL Tt MG LTV,
HERAEPHEZE A0 35% 13 A E<4kg TH - 7z
EEIN, hT—TIVBERHAEI NS WVIE EERE
PHEFHERDBEM L TV e T LG &, KIkER
OB T ERGOHEDFAEZ 7758k U ORI H
725K 5EHZEE LTS,

AWZETIE, 27 —T IVIEHEEE 15 6 3 flic B
THHTZ b o ERN S > Tz, RREhHlIEVT
N RHEH 6kg Adii, K77 CH DK E 7 PDA TH
D, WEFIEE%R AN A, AE6kg, KB CRD
K &7 PDA il TdH - 7z. Baspinar 513 Amplatzer
FASEKRIC & % PDA BISE CIZBIIRE IR LB IRE 2 D
FERIZRRHMIC KD M 731 A2 E NG 52 &N
FBHETHZHELTWVS Y. ADO I HRIN A X 7%
D PDA I ENAD, MiERElOY 7> g -
T A AT ENTzD, Ko ARKZEDIREICES
N, CHIPDA TIIIE, F7AKMKE R TIERBIIRM
NDTINA ZAEHOZRNDH 5. ZDi=8 CH PDA
Tl& ADO-II % 721 ADO-II ASDff I NEZE S h
%. ADO-II AS X ADO-I DT 4 A7 7%/h&E L
L7eBikE 7D, AVPILICHELEIL T3 (Fig 1.
ADO-II AS 13E#% 6 AT, 1AHE 6kg Kifizk ED
#AEN - FLVE PDA CRIPDAICEL T W5 &
INBEH, TEHAEIES7DICIE PDARPCES R
FEANCEIIG 2 0 BHH O T84 AY A ZDFERMN
HELINS., ADO-NNIFELAT 4 AT MKEW8
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(AR HE U T O C U BB AR A2 > KBl ARiE 4E 72 2
LRIV EDBREREDHD. T T TAMIETORITEHN]
B U THMETZ RS T2, PDA RITH LT 160% £
D AVP-TL XYt A DB TH -T2 e EZ B D,
HERICT INA ADNERICHELTLE>TWna T k
ICFEH L7zW (Fig. 5B). S AUIBIIRTE H RO RN
ERMLUTWS EEZ BN, FER - AVUCRE O
FHREONME LNEW. K CH PDA LT 57
T—T BRI BV TUE TN A OFERE B /5157
EWREHEEZ@EmDETHO, BRHTIEZON
T—T VIBEOEIEINICIEE S 2 HEHT 5 EE X
7.

IS B WIS HAE AR, Wb % R
PDAIICB L TOHT—T IVIBEOHREE I NTY
%. Zahn 53R PDA24 K [4:1%30 (5~80) H,
1A 1,249(755~2,380)g] 1<xf L C AVP-II ZfEH L
THhT—TIVEABEZITV, BRI 88%, 417R
Bi 96% ThH > e LHME LTV V. IS RIA
BEELEE LT, PEIRERD D O FIEHEERN 2 £ Ot b
B NNRIBED—D L EN3 4D L LA
5, R0 TINA AL S EIRIAZE O B HHER
BT E RN, TOEACIHEEI EZRD LN
%. AFTH ADO-II AS DHE A & & &1 K7 PDA
T 27— T IBEDEINIEK MG SN TEBD
SHBOBANERETNS.

HARDIRSFR

ATHZE TUIIEGIEDN DI T HIFZEAE R O ARRRIE R
ENERD. BITHNIRETH D, SNEHEREHE A
T =T IVIGEEEA LI OIEGINE LA ETH B T L%
LT B &, FMEREDORRZEN R T L 7%
BUREMED D 5. /T ARG L 9% T LI BB
MOEEL WIS, DRGNS EAWIEDEEIIKRE
WEEZ D, SBRIBZHRMET— XX DBk EZ
FF T RENHZTEAS.

f: )

BrAER - LR SH PDA ICxd B AT — T LAk
NERERR L [AEDIGHBFETH O, & X7 IEFNC
FUTEHEMT 5 EMWARETHS. LML PDAE
REPR O PR FHIKIC X B MHEZ 7731 ZBIRAER
INs. BUHELTZHIE LB ZTTS 1D 5%E
Wik 37— 2L L T < RENRH D, JPIC
BT —AR=ANTDOREEEEZHS LEZ 5N
5.

FEHER

FEN I, EOHE, XML, LA, MR, -
FERN, LR, (LAY, BT, SRR, I,
REFHHER, AR, (LT —BE, A2 M 5 FRIcs
WTHIET SRR IS D FEA.

BEDEWE

TN T, FSCORE, T — 2O, A ORI RIS Uz,
FEAHE—BR, ARR RO, LN, TLRGE, RiETE, Af
By, NOEBNIEET — 2 OIE - WIS Lie. KEFHH
B, AR, (LB —EBIE 7 A 1 —7 v 77— Z DL
BG-L7e, EIAL, BadE, WAREFEZznThAT—
TIVIREE < SVERAEE - B FARRICE U TR RS B 5 L
7o, wkERE IR Z RS LTz,
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