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Mid-term Result of the Transcatheter Occlusion of
Patent Ductus Arteriosus with Duct-Occlud Device and
Procedure-Related Problems
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Division of Pediatric Cardiology, Cardiovascular Surgery’, Yonsei Cardiovascular Center,
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Purpose : We will present our mid-term result of transcatheter closure of PDA with Duct-Occlud
device(pfm. AG. Germany) after 12 months follow up and report the problems during the procedure.

Methods : In total 154 patients, the Duct-Occlud devices were inserted in our institute from March,
1996 to August, 2002. Three types of Duct-Occlud device, i.e standard, reinforced, reinforced reverse
cone coil were used. Echocardiographic examination was performed at 1, 6, 12 months after proce-

Results : The echocardiographic closure rate was 96% after 12 months. The rates of residual shunt
in the standard coil, the reverse cone coil, and the reinforced reverse cone group were 8%, 4% and
3% respectively. In PDA with diameter less than 4 mm, the closure rate was up to 98% while in
large PDA with more than 4 mm, it was 72% after 12 months. Embolization of the inserted coils
had occurred in 5 cases with successful retrieval using snare catheter. The rupture of the core wire
during the procedure and distortion of the original coil shape had occurred in 4 cases.

Conclusion : The transcatheter occlusion with Duct Occlud is safe and effective method for small to
moderate sized PDA less than 4 mm. The minimum diameter of the PDA seems to be the predictor
of residual shunt. Further refinement of the device to overcome the procedure-related problems
seems to be needed. (Korean ] Pediatr 2004;47:36-43)
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Fig. 1A. Duct-Occlud device(Standard coil or Reinforced coil).

Fig. 1B. Duct-Occlud device(Reinforced reverse cone coil).

_37_



Aselol o 62l

R L EEETEIEEEE EIEEEE HE

4. =5 B

FAEe AE 9Y A9 L 0ed oY FLRAR 890
2 =99 AXE FeAsgn =Y A olghA PAL L Azg)
ANE AT 0% 149, 6719, 12716l slelelA olst
4 AR s Soel A4 olve A

1270 A8ge =
EE 6718 olF 2238 oA
2 sl fs ol color flow disturbance”} 231€

2oz Aolaglt,

5. 84X 24

Avle T EEEAE 18I 24 #3998 A
FE9 HlAE Student’s t-test®t ANOVA testZ Al
W P-value?b 0.05 olatd A9 EAIFHoz ourt vk
sttt 4 #F 7|k 2 Ruee] e WEsE
EAEFA T

Table 1. Characteristics of the Patients(n=150)

Parameter Data”
Age(month) 88+136(38)(6-780)
Male : Female 1:2.3

Body weight(kg)

Minimum diameter of ductus(mm)
Qp: Qs ratio’

Fluoroscopy time(min)

21+16(15)(6-79)

2.9%1.1(0.8-6.0)
1.4%0.4(1.0-2.7)
13+7(6-45)

“All data expressed as mean=standard deviation(median)
"Qp/Qs ratio : Flow for pulmonary and systemic circuits
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Table 2. Clinical and Hemodynamic Data according to the Type of the Devices

Parameter Standard(n=24) Reinforced(n=48) Reinforced reverse cone(n=78) P-value”
Age(month) 44+35(34) 731+94(39) 117+177(47) NS*#
B.wt.(kg) 17+7(16) 20+ 14(15) 23+19(15) NSt
Qp/Qs ratio’ 1.4+0.3 15+0.4 14404 NSt
PA/Ao Pr.¥ ratio 0.26+0.05(0.25) 0.28+0.08(0.25) 0.27+0.06(0.27) NSt
Minimum diameter of ductus(mm) 2.611.0(2.6) 3.0£0.8(3.0) 2.9+1.3(3.0) NSt
Maximum diameter of ductus(mm) 77+21(75) 10.4£3.4(10) 10.3£3.8(10) NSt
Length of ductus(mm) 95+27(9) 9.7+3.8(9) 9.1-2.8(9) NSt

;All data are expressed as mean=*standard deviation(median)
P<0.05: considered as statistically significant,
systolic pressure ratio of pulmonary artery to aorta,

TQp/Qs ratio: Flow for pulmonary and systemic circuits, TPA/Ao pr.ratio : peak
NS not significant
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Table 3. Incidences of the Residual Shunt according to the Type of Device and Follow-up Period

Immediate 1 month 6 month 12 month >12 month
Standard(n=24) 79% 549 25% 8% 8%
Reinforced(n=48) 98% 70% 42% 10% 4%
Reinforced reverse cone(n=78) 89% 47% 28% 6% 3%
Total(n=150) 91% 60% 32% 8% 4%
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—— Reinforced reverse cone
*— Total

Incidence of residual shunt(%)
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Fig. 2. Incidence of residual shunt according to the type of
device and follow-up periods.

[Ducl—Ochud(n:ISO) |

I D" <2 mm | 2-4 mm I >4 mm |
| standard(n=24) || 0/5(0%) |1 1/18(6%) | 1/1(100%)
| Reinforced(n=48) |—{ 0/4(0%) |—] 1/41(3%) | 1/4(25%)
R oy > L 0/21(0%) |—{ 0/45(0%) —{2/12(18%)
| Totalln=150) |} 0/30(0%) |—{2/104(2%) || 4/17(23%)

Fig. 3. Incidence of the residual shunt according to the mini-
mum diameter of ductus arteriosus and type of Duct-Occlud.
D : minimum diameter of patent ductus arteriosus.
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Table 4. Clinical and Hemodynamic Data according to the Residual Shunt

Parameter Residual shunt(—)(n=143) Residual shunt(+)(n=7) P-value”
Age(month) 92+139(43) 18+6(19) NS*®
B.wt.(kg) 22+16(16) 10£3(11) 0.06
Qp/Qs ratio” 1.4+0.4(1.3) 1.6%0.2(1.6) NSt
PA/Ao Pr.¥ ratio 0.27%0.06(0.26) 0.29+0.04(0.29) NSt
Minimum diameter of ductus(mm) 2.81+1.1(2.8) 3.9+1.1(4.0) <0.05
Maximum diameter of ductus(mm) 9.84+3.5(9.0) 9.94+2,4(10.0) NSt
Length of ductus(mm) 9.41+3.2(9.0) 8.8+2.7(8.0) NSt

All data are expressed as mean®

"P<0.05: considered as statistically significant,

standard deviation(median)

Qp/Qs ratio : Flow for pulmonary and systemic circuits, *PA/Ao pr.ratio : peak

systolic pressure ratio of pulmonary artery to aorta, NS :not significant

Fig. 4. Distortion of the original shape of coil during the procedure. (A) The Duct-
Occlud was delivered to the PDA through the right ventricle and pulmonary artery. (B)
After detachment of the coil from the Duct-occlud system, the distal windings of the
coil were released and the original shape of the coil was distorted.

Rupture of core-wire during
detachment(3 cases)

Manual detachment using
Meedle holder(3 cases)

Distortion of original shape
(2 cases)

Retrieval and second coil
Insertion(2 cases)

Embolization of coils
(5 cases)

/]

Retrieval and second coil
Insertion(4 cases)

Lodging of coil in RV : surgical
removal and ligation(1 cases)

Failure of coil implantation

Surgical ligation and/or division
(2 cases)

(4 cases) \

Later Amplatzer device
occlusion(1 cases)

Later double coil occlusion
(1 cases)

Fig. 5. Complications and procedure-related problems and its

solutions.

F s Ao Az

Duct-Occlude s %] FHeje FARHA RefA A e
olF YFPOoR whEox e A & 7YAES 7|
B 9itt. o] Duct-Occlud system= ZFesla obA3E con-
trolled-release AR O Algo] 7HAS L FYE o] e
oAl 28387l 7 ZUE o|AIMHEHRE tA] FEAAL 5 3
o] Aol HHg A UmF o] A& A WA ks
W AR AYEAS A Zde AAVE Lolsitke Gl 9
o me g Aarjeh BEE 7B @Yol gl B
w9 =271 2 Fyel wet Melo] 7bsE 4 Frenchtt 5
French®] 7HHE AMEFoz 2pe ootz & i
o] Ass AT 5 9l

2 Aol 27l 2489 el A BFH IYo] A
Ao 1997AFEH 4889 $Atel A sty =, 19991 4-EH
7878 e] Aol A A ol AFH FYo] AREEHO Stk BFE
Y 1Yol ]’ b 24“*4 2 F 2“301]*1 2Ne 5 Hd

|

b4

ol
-



2004

)

3
Z 540l TH3

k)

Aol
A9+ 150

=1t

2

=

pzs

SIS EE

3o A

H m me
) W= =
R S B DS
otdnmﬂwmwmdﬂmgi%ﬂ W%w%ﬂlﬂmm,&o
Eo_lrm“ AM_M(S\oUr&.ﬂ% ﬂp\ﬂonﬂﬁoeic ool W LB
1_o1riT__oﬁaiJ|qﬂ ™ 5o FE 5o B o) W
5 oo 0 o RO AW %o}oé%)}
ﬂng,_&ewﬁﬂ;ﬂl]ﬂ oﬂeoﬂeo#moﬂﬂmﬂe ﬂ.NRL__ow#EEermLEo_,da 5memﬂ1oﬂo],31
N ° o2 1m%2}o); ~ 7 g° -l WON
mﬂ%ﬁéW%ﬂmﬂﬂ.o% oeiﬁm.mrﬁ4ﬂ%£iﬂﬂ@ﬁ@ﬂ%%H@%ME%¢wm%ao
+~ 5 M 2 ﬂ%im iﬂ.%er%gEaﬁTodraTMﬂoz = S oo o X g, <
ﬂmg%qﬂwaﬂaaﬁi .UTWNTEMH;H%;AT? mna%imavﬁfgoﬂ@_w.ﬁwi
Syw e noE M S B Ess PR < _ZT@.WWIMQ@.&} S
ﬂi%aﬂ%ﬂ%ném aLL&HwﬂowLﬁmmﬁAywqﬁT&;%own@ﬂ@mﬁow il
X T o = o i.b‘._lo< _r; 0 o © o s > s
ﬂﬂA%@aﬁmﬁoﬁ%M% muviaiﬁk%z%@aﬂ%ﬂ%ﬂh% .EE%15€E%
SonlE TR Awao%wmwﬂm#EUrl;@M 7unowj%ﬁﬂo;m4#$ﬂ;ﬂ;o
imwagmﬁﬁﬂw%% Mpwgma_mﬂwmmzﬁawuw%ﬂm]ﬂwalﬂwovo};m
J];iﬂ%oﬁlo " M.nlomaf%&mo 2 o 4 N R o B ¥ = T 9 oT I
0! B o o O VmMA.wTMu% uﬁG7iw s = & T oF M 7o ATﬁoﬂw% aﬁhﬂ_&
Eoia;ﬁiwlxréj + W L E mmi}ﬂ%%%%_hlﬁmmﬂ@ i S e
w =T %QﬂgM%ﬂn%dmﬁm_am7 M:E%ATHW.%@ e R )
gﬂ%ﬂ%iAa_ﬂﬁﬁy%m m1a.$%iwwmmBméA@W%mmﬁowmm@mbﬁﬁqa
~ —~ — — B o ! [T e
a%ﬂ@ﬂmwgégm%lﬂEMQVE@a]m@&%g%ym4@ FEZCL L,
ZTﬂMtgmo6wiﬂﬂﬂﬂ.m5&wﬂﬂoﬂﬁ¢%t&mﬂtewwﬂﬂ%%ﬁmt% =9
.UT,moVuAINe] woE R ‘dllW PoxmooF N ‘m‘UIﬂﬂvmuﬂnno Wﬁoﬂ‘l‘fjl,lr;%o%ﬂwﬁi 2
qAxaw@A%@mziT%ﬂe,%o B ¥ T R %mai%ammvmﬂ#wg;w
Hw.%m.%%ﬂwui Q%@JmS%ﬁ%}WmﬂmgmﬂHMA %ﬂid@M ﬂer#&m
mlmMm%%MatmwuﬁwﬂémﬂcquWﬁhﬂ%iMzodrowmawnzenhﬂm%mwﬂrwwm%uc7Am
o Wia XS = o o 2 mo T W do B oo BT E _ 5w
#ﬁiﬂgsﬁwx ﬂmxﬂmouﬁ%o 20 ﬁ%o%mﬂmﬂﬂiaﬂ Mﬁmcbﬁo%%@
® ooy ¥ }ﬂLBXMMhEmﬂ e iot 9 1 5 u1r1oﬂ;oCA B o =
B e E ﬂATeHﬂim% %?%%W@WW@Du“%%wﬂ@m;ia
; - g X — =
A RN O dq%ﬂmwﬂwlqi@mﬁy%%%%symaﬂﬂ}w
@_ ﬂ.b%%,lm.zog%i1 ﬁaﬂmwﬁmnqwﬁ@ﬁo O#LﬂD%ﬁoﬁqu
- T oo ° ﬁo7o,mmeuﬁVMmkq SECEECI @@ﬂoTo.lﬁﬂo%
w o 53 ,io]uduob ool X W oo R goox N "
R _dgllq £ B g E EAWE%M TR OB T RO
N mcxgomo,,ﬁﬁonvwﬁ mo_:‘mm EEWM @Quﬂﬁmﬂ&oae%%] R W B R
M o_ewszwmizwﬂqLMHMM4 ?%%Eﬂw%mﬁiﬂéo%un%mmm%@ﬁfrﬂ;f
AL —_ —_— - d
o X B /OJIIOAI . _311 n ol o = =z :
e %%M%%mﬁ%wwmwmﬂmmuﬂEﬂéﬂﬂ%ﬂﬂwﬁmu%ﬂa??%EMMMzéw na
= ]yu o - o o B o o =0 T el 0 R
= wﬁmwfmoiﬁomﬂm%m%wmmMoMﬂraﬂﬂa%M%%Uf%u%mu?muwe&%ﬂ“ BE Mo
X g o v ! . El = T o 3 g
POE I SR S %E@Z@@@ﬂgi%%@@a fwE
_ﬁqémﬁmymruOQOE%EE_SW&V?M_E Aiofﬂmea;u%W%oM W g~
ﬂ%ﬂmﬁAﬁlm@mmmw%me%mmw%%iwﬂﬁxW%WW% E_ﬁ%mﬁ@mﬂ@ﬂmﬂﬂ c T W
}ﬁﬂ,EWﬂAj% = EN T WL Hvln:Hq%ﬂ@l%ﬂ%ﬂ#l%pM@qeﬂa
+ T 9 ® querﬂﬁ. ] AN B A Jlng&MUJO, (g 2
SRE E Aoﬂ@mﬂi»o).ﬂ% %%Mu.lxrayv < W T R zmnoﬂﬂourmﬂm P
awﬁﬂmgwwm%m qumﬂgm&qﬂ%{q,Mﬂqﬂw%iqiawamq7
) f ]M ‘w;o . B o= y,A]| o ﬂ]A 0 < o
°© A,m.ﬂc.v__im*oT4‘mu_meWc@‘.mﬂfoTo/1rw.vlﬂdﬂMM@| o) o»ﬂuAE‘wﬂiiumnﬂedwﬂ%o
mﬂ_:%ﬂievéﬁmjC}L%mmo@@liém%%ooﬁ%ﬂﬂ ahﬂldrlujkm %
%WMMW%Q%% 4w_mmeu. T 8 E QM%VLuuomaoﬁwwrﬂﬂﬂqwmlEﬁ@%%m%am'm%%u
X5k . miﬂr%ﬂmﬂ@ﬁogﬂAqAQﬂé %%nﬂw%%qﬁ =T Eu -
) o K — —~— o = _— = = S ~ o
S @wﬂ%wezmoa%raAmmavawiwaﬂ%aHM%amw@@cﬁm
= X S+ EI®ERE B 8= W @ T W ﬂ%ﬁozﬂl, 45 9 o
ﬂwm.sflﬂu_, o ma%p,m_.iimm%worwﬂumwwevqﬂowwl ﬂrﬂm]ﬁoaﬂ%ﬂuﬂl.ﬂ@%mﬂ
&ﬂ%fegaqi%ﬂz}q@wm%1aLﬁsg@%gmﬂaﬂq%@fgalzaﬂﬁ
PR g B2 e ﬂﬂA%OgAi%.i} Ewaﬂ@%ﬁ roe RS
fronlli~on oﬂuﬂ_.‘mﬂ/mzo‘o mo_l] I vVLs,Wloolﬂ:Tawﬁr‘_ﬂ ,DrLﬂﬁHT_UT,A,.FLt iy
%%%%Wl@ﬁl@ﬁM%%w&%wﬁmfﬂxﬂmOﬁﬂEv ﬂmmrvaﬁd. %Wd%?
N — R TR = . = RS — = =
70@.0mﬂﬂLWMmﬂDurmW@ﬂEATuxﬂszoutnorxLﬁaﬁmxmﬁx%ﬂﬁﬂmwﬁi
dAo %4]% no%ur.l%ﬂ#uiuos: " aow”
o m ol No dlﬂ_Alao,mu,_Oﬁ ﬂﬂﬂﬂmm o,PormLﬁxﬁ
Tk EET AT -
,iﬂaﬂLulMonﬂoDmum
w3

7]l

]
gl

1

1%

X
!

A HE

s}
i=

N

& ) v

o o
2ol o

L

L

s
=g
gl

°©

o] A

‘1]7]— \:é}_—/\g

=
A

=
[¢

[¢]

e
}\1 %]‘.%

- 41 -

—_]—021 0:131 i]—E:“ }\]

S

lo -
o] Y7}t A4

wepA] 52



Aelol 91 62 1 Duct-Occlud® ol §3 Soizte] A4 Aseel 37 #4 #2 2% 2 &3 A9 2AH

S N EE B 494 S Agee A4 F5

L oolste] sHEANETY BEAHQ] ARE APHIL

CrRbal
4 s Ages AL 15499 5SS Wow
3}t Duct-Occlude= Standard coil, Reinforced coil, Rein-

forced reverse cone coil® 37HA FFE AFEsIGoH dxE

S NE Y, 6Y, 1271l o184 HA 2 A xS}
g A gste] RG] {55 5

Z ot F 15498 F 1508l Zde) el AEskdch 12
ML F 96%°] At A 2o ghd A7 gl=dieh 12

MY & ANz Standard coil®] 49 8%(2/24)01A4 e
go] P9kl Reinforced coil®l 7% 4%(2/48), Reinforced re-
verse cone coil& 3%(2/78)0ll4 ZHFeteto] 1%t 4 mm
olate] Ful ool o HHEE 71 FFHY FHASA 98
%ol 2R 4 mm o] UL 23% A 1271Y $

efo] FRIFE QT Tl A Ao

3
o the st Am) Fu

>
W

N2 e @ orf oo

4
r
o 2
of,
uj

o
o

Moo
ol

FAth 3%(5/150) 041 o] Axo] w-Ays}

09 41 o2 Hu

oo
rr
o>
t
>
12
2
>
K
e,
tlo
2
Ay
o
R

¥R of
o 51 H

References

1) Rothman A, Lucas VW, Sklansky MS, Cocalis MW, Ka-
shani TA. Percutaneous coil occlusion of patent ductus ar-
teriosus. J Pediatr 1997;130:447-54.

2) Shim D, Beekman RH 3rd. Transcatheter management of
patent ductus arteriosus. Pediatr Cardiol 1998;19:67-71.

3) Campbell M. The natural history of persistent ductus ar-
teriosus. Br Heart J 1968;30:4-13.

4) Fisher RG, Moodie DS, Sterba R, Gill CC. Patent ductus
arteriosus in adults-long-term follow up : nonsurgical ver-
sus surgical treatment. ] Am Coll Cardiol 1986;8:280-4.

5) Porstmann W, Wierny L, Warnke H. Der Verschluss des
Ductus arteriosus persistens ohne thorakotomie. Thoraxchi-
rugie 1967;15:199-203.

6) Rashkind W], Mullins CE, Hellenbrand WE, Trait MA.
Non-surgical closure of patent ductus arteriosus : clinical
application of the Rashkind PDA Occluder System. Circula-
tion 1987;75:583-92.

7) Report of the European registry : transcatheter occlusion of
Persistent arterial duct. Lancet 1992;340:1062-6.

8) Hosking MC, Benson LN, Musewe N, Dyck JD, Freedom

RM. Transcatheter occlusion of the persistently patent duc-

tus arteriosus : Forty-month follow up and prevalence of

residual shunt. Circulation 1991;84:2313-7.

Rao PS, Wilson AD, Sideris EB, Chopra PS. Transcatheter

closure of patent ductus arteriosus with buttoned device:

first successful clinical application in a child. Am Heart ]
1991;121:1799-802.

Moore JW, George L, Kirkpatrik SE, Mathewson JW, Spic-

er RL, Yzark K, et al. Percutaneous closure of the small

9

=

10

=

patent ductus arteriosus using occluding coils. ] Am Coll
Cardiol 1994;23:759-65.

11) Hijazi MZ, Geggel RL. Results of antegrade transcatheter

—

closure of patent ductus arteriosus using single or multiple
Gianturco coils. Am J Cardiol 1994;74:925-9.
Tometzki AJ], Arnold R, Peart I, Sreeram N, Abdulhamed
JM, Godman M]J, et al. Transcatheter occlusion of the pa-
tent ductus arteriosus with Cook detachable coils. Heart
1996;76:531-5.
Shinichi Oho, Akira Ishitawa. Transcatheter occlusion of
the patent ductus arteriosus with new detachable coil sys-
tem(Duct Occlud). Jpn Circ J 1998,62:489-93.
Moore JW, DiMeglio D, Javois AP, Takahashi M, Berdjis
F, Cheatham JP. Results of the phase I Food and Drug
Administration clinical trial of duct-occlud device occlusion
of patent ductus arteriosus. Cathet Cardiovasc Interv 2001;
52:74-8.
Cambier PA, Kirby WC, Wortham DC, Moore JW. Percu-
taneous closure of the small(less than 2.5 mm) patent duc-
tus arteriosus using coil embolization. Am J Cardiol 1992;
69:815-6.
Lloyd TR, Fedderly R, Mendelsohn AM, Sandhu SK, Beek-
man RH 3rd. Transcatheter occlusion of patent ductus ar-
teriosus with Gianturco coils. Circulation 1993;88:1412-20.
17) Shim D, Fedderly RT, Beekman RH 3rd, Ludomirsky A,
Young ML, Shork A, et al. Follow-up of coil occlusion of
patent ductus arteriosus. J Am Coll Cardiol 1996;28:207-11.
18) Tometzki A, Chan K, De Giovanni J, Houston A, Martin R,
Redel D, et al. Total UK multi-centre experience with a
novel arterial occlusion device(Duct Occlud pfm). Heart
1996;76:520-4.
19) Tometzki AJ, Houston AB, Redington AN, Rigby ML, Re-

12

=

13

N

14

=z

15

<

16

N

,42,



20

21

22

=

N

=

del DA, Wilson N. Closure of Blalock-Taussig shunts us-
ing a new detachable coil device. Br Heart ] 1995;73:383-4.
Kang IS, Min JY, Lee HJ. Transcatheter occlusion of pat-
ent ductus arteriosus(PDA) with retrievable coil device:
“Duct-Occlud” system. J Kor Ped Car Soc 1997;1:94-100.
Lloyd TR, Beekman RH, Moore JW, et al. The PDA coil
registry : 250 patient years of follow up. J Am Coll Cardiol
1996;27:34A.

Masura J, Walsh KP, Thanopoulous B, Chan C, Bass ],
Goussous Y, et al. Catheter closure of Moderate- to large

23

24

N2

=z

Zof3}

A 4748 A 15 20049

sized patent ductus arteriosus using the new Amplatzer
duct occluder : immediate and short-term results. ] Am Coll
Cardiol 1998:31:878-82.

Le TP, Neuss MB, Redel DA, Weinzheimer HR. A new
transcatheter occlusion technique with retrievable double
disk shaped coils first clinical results in occlusion of the
patent ductus arteriosus. Cardiol Young 1993;3:1-38.

Shin DW, Lee KH, Han HS. Nonoperative treatment of
PDA using the Duct-Occlud. J Korean Pediatr Soc 1997;40:
635-9.

,43,



