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Abstract

Transcatheter coil occlusion of small-to-moderate-size patent ductus arteriosus (PDA,
< 3.5 mm) is well established as a procedure of first choice in many institutions. Its much lower
cost compared with surgical ligation or other devices makes it an attractive option, especially in
Thailand.

Patients and Method : Between September 1995 and June 2000, all patients diagnosed
with PDA with audible murmur and echo-Doppler confirmation of diameter less than 3.5 mm were
scheduled for transcatheter coil occlusion at the Department of Pediatrics, Faculty of Medicine
Siriraj Hospital. The hemodynamic studies were obtained both pre and post occlusion. The immediate
and late outcome, including complication were assessed.

Results : A total of 77 cases, 78 procedures of transcatheter PDA coil occlusion were
performed. Seventy cases (90.9%), comprised of 19 males (27.1%) and 51 females (72.9%) were
successfully deployed with coils. The remainder were unsuccessfully deployed and later referred to
surgery. The median age of the successful group was 6 years and 6 months and median weight
was 16.5 kg. Twenty cases (28.6%) had other associated intra and extracardiac anomalies. All
patients were asymptomatic, except one case having bronchopulmonary dysplasia (BPD) from pro-
longed ventilation. Single-coil occlusions were performed in 74.3 per cent and double-coil occlu-
sions in 25.7 per cent. Conventional 0.038-inch Gianturco coils were deployed in 86.5 per cent.
The mean procedure time was 78.1 + 35.1 minutes. The mean fluoroscopic time was 20.2 + 15.6
minutes. The total complete occlusion rate was 87.7 per cent. Tiny residual flow of PDA was
demonstrated by follow-up echocardiogram in 12.3 per cent. Seven per cent of the patients were
lost to follow-up. There was no significant difference in PDA size and hemodynamics between the
groups of patients with complete occlusion and having residual shunt. Minor complications occurred
in 12.9 per cent, including mild left pulmonary artery stenosis (10%), coil embolization to distal
pulmonary artery (8.6%), slippage of catheter with coil (2.9%) and decreased dorsalis pedis pulse
(1.4%). One late death was found in a BPD patient from pneumonia 2 months after the procedure.
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Conclusion : Transcatheter coil occlusion of PDA is as effective, feasible, safe and less
costly than surgical ligation. With improvement in technique and device selection and appropriate
case selection, there should be an increase rate of complete occlusion and a decrease in complica-
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All patent ductus arteriosus (PDA) with
audible continuous murmur and echo-Doppler con-
firmation should be closed, either by transcatheter
or surgical method(1). Preventing infective endo-
carditis has remained the principal indication, apart
from hemodynamic reasons for PDA closure(2).
Open surgical ligation has proven to be a safe and
effective method. Recent studies have suggested that
percutaneous transcatheter and video-assisted thora-
coscopic closure may be a better and more cost-effec-
tive technique(3:4), avoiding a lateral thoracotomy
incision, and shortening hospitalization(S). Thus,
transcatheter closure of small-to-moderate-sized PDA
is well established as a procedure of first choice in
many institutions.

Conventional Gianturco coils (Cook,
Bloomington, Indiana) were found effective in closure
of small ducts (diameter < 3.5 mm)(6). It was
recommended that the ductus diameter of greater
than or equal to 2.5 mm should be closed by two or
more coils(7.8) or 0.052-inch coil(9). The success
rate (complete occlusions) of PDA after coil emboli-
zation varies from 80-100 per cent(10-13), At Siriraj
Hospital, transcatheter coil embolizations of small
PDA were performed commencing in 1995,

PATIENTS AND METHOD
Patient population

Between September 1995 and June 2000,
all patients who were diagnosed with PDA with
audible murmur and echo-Doppler confirmation of a
diameter less than 3.5 mm and selected to have PDA

closure by percutaneously transcatheter coil occlu-
sion at Department of Pediatrics, Faculty of Medi-
cine Siriraj Hospital were enrolled in this study. The
process and risk of the procedure were explained
and informed consent was obtained from legal guar-
dians.

Coil occlusion protocols

All patients underwent routine right-_and
left-sided cardiac catheterizations. Heparin 50 U/kg
was administered after the access. The patient was
sedated with a mixture of pethidine and promethazine
and supplemented with intermittent doses of mida-
zolam to ensure adequate sedation. Cefazolin 50
mg/kg was intravenously administered 1/2 - 1 hour
before the procedure, then three doses of 25 mg/kg
were given every 6 hours. The hemodynamic studies
including Qp : Qs, pulmonary arterial pressure, pulse
pressure were obtained, pre and post procedure. A
lateral descending aortogram was recorded to eva-
luate the narrowest size (minimum), including the
ratio of PDA size to body surface area (BSA, m2)
and PDA size to abdominal aorta at diaphragmatic
level (Ao), position related to the tracheal air shadow,
and type. The PDA type was classified as described
by Krichenko et al(14). The coil size was selected,
at least twice the narrowest ductal diameter. Single
or double coils were deployed, either transvenously
(7,8) or transarterially(8,15-18) a5 described else-
where. Snare-assisted modification(18.19) and detach-
able coils(10,11,13) were performed in some cases
to reduce the risk of embolization.
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Ten minutes after the coil implantation,
repeated descending aortogram was performed to
assess the result. The results were divided into imme-
diate complete occlusion and residual shunt. The
complication of the procedure was also recorded.

Clinical evaluation and chest X-ray were
obtained the next day after the procedure and echo-
Doppler studies were obtained at 1, 3, 6 and 12
months or over after the coil deployment to assess
the intermediate result (delayed closure or residual
shunt), left pulmonary artery (LPA) stenosis and
descending aortic velocity.

Definition

¢ Successful coil deployment was defined
as the proper implantation of coil(s) in PDA posi-
tion.

¢ Unsuccessful coil deployment was defined
as the unstable or improper position of coil (s}, result-
ing in coil(s) displacement from PDA position or
coil(s) dislodgment and finalily, the abandoned pro-
cedure.

e I[mmediate success (complete occlusion)
was defined as no residual angiographic shunt
detected at ten-minute descending aortogram after
the coil deployment.

Table 1.
the patients (n =
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¢ Residual shunt was defined as having color
Doppler evidence of residual shunt after the coil
deployment on the latest examination.

e Delayed closure was defined as having
residual shunt at ten-minute descending aortogram
after the coil deployment and absence of color
Doppler evidence of residual shunt at the follow-up
examination.

o Left pulmonary artery (LPA) stenosis was
defined as having peak velocity > 1.5 m/sec along
LPA by Doppler echocardiography.

Statistical analysis

Continuous variables are reported as mean
+ SD, except for patient age and weight, which
exhibited a skewed distribution and are, therefore,
reported as median and range.

The comparison between the two groups
was assessed by using Mann-Whittney U test and
Student t-test as appropriate. The correlation between
the PDA sizes measured by echocardiogram and
angiogram was performed by using regression ana-
lysis and correlation coefficient were also calcu-
lated. Analysis of variance was used for test of signi-
ficance of regression model while correlation coef-
ficient (r) was tested by using #-test. Statistical signi-
ficance was defined as a p value < 0.05.

The associated intra and extracardiac anomalies in
20).

Associated anomalies

Frequency (cases)

Intracardiac

Ventricular septal defect (small)

Atrial septal defect, secundum*
Bicuspid aortic valve

Branch pulmonary stenosis
Pulmonary stenosis, valvar**
Aortic stenosis (mild)

Double-chambered right ventricle
Mitral valve prolapse with moderate regurgitation

Post surgical ductal ligation

Right-sided aortic arch
Extracardiac

Down syndrome

Congenital rubella

Bronchopulmonary dysplasia

Dysmorphic feature

e e = = R N DO RO N

—_— A

One may associate with more than one anomaly.
* One case was reassessed after a successful procedure and found to have
moderate shunt. She was thereafter referred for patch closure of the defect.
** One case underwent percutaneous balloon valvuloplasty at the same

catheterization with good result.



Vol. 8§ Suppl 2

TRANSCATHETER COIL OCCLUSION OF SMALL PATENT DUCTUS ARTERIOSUS

5633

7
8 4
5 *
£
]
(&) »*
g
S g
o
*
g » **
<
o *w ¥
o *
g .
*
* *ﬁ
* %
éx x %
2 9 ol x *
* % * * %
x g *
1 L) L] LJ L J L L
1 2 3 4 5 8 7 8
PDA size from Echo

Fig. 1.
PDA size measured by angiogram = 0.144 +

RESULTS

A total of 77 cases, 78 procedures of
percutaneously transcatheter coil occlusion of PDA
were performed. In one case coil occlusion of PDA
was attempted, unfortunately, the coil was embo-
lized to the distal pulmonary artery at the first cathe-
terization. She was rescheduled and at the second
catheterization, the coil was successfully deployed
with immediate complete occlusion. In seven cases
(9.1%) coils were unsuccessfully deployed and later
were referred for surgery. In seventy cases (90.9%)
coils were successfully deployed, comprising 19
males (27.1%) and 51 females (72.9%). In the suc-
cessful deployment group, their ages ranged from 3
months to 38 years (median 6 years and 6 months).
The body weights ranged from 3.5 to 90.7 kg (median
16.5 kg).

The correlation of ductal (PDA) size measured by echocardiogram (Echo) and angiogram (Cath);

0.87 PDA size by echocardiogram.

Associated intra and extracardiac anomalies
were found in 20 cases (28.6%). The details are
shown in Table 1.

Preprocedural cardiac evaluation

All patients were asymptomatic and cardiac
murmur was incidentally detected and referred to us
for cardiac evaluation, except one case which was
associated with bronchopulmonary dysplasia (BPD).
Continuous murmur was heard in 56 cases (80%)
and systolic murmur in 12 cases (17.1%). Two cases
(2.9%) had both continuous and systolic murmurs
of PDA and ventricular septal defect. All of those
with systolic murmur were associated with other
intracardiac lesions. Nineteen cases (27.1%) had
borderline or mild cardiomegaly, documented by
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chest roentgenogram and/or electrocardiogram. Echo-
cardiogram revealed mild left atrial and ventricular
enlargement in 51 cases (72.9%).

PDA size and hemodynamic data

The minimum PDA diameters measured
by echocardiogram were significantly smaller than
those obtained by angiogram (mean 2.64 + 0.52 and
2.79 + 0.83 mm, respectively, p = 0.033). However,
using regression and correlation analysis, the mini-
mum PDA diameters measured by angiogram were
correlated to those measured by echocardiogram (r =
0.817, p = 0.000) as in Fig. 1.

The comparison of the hemodynamic data
obtained from cardiac catheterization between the
successful and unsuccessful coil deployment group
is shown in Table 2. The PDA sizes were signifi-
cantly larger in the unsuccessful deployment group
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(p = 0.005). There were no significant differences
in PDA size and hemodynamic data between the
groups of patients with complete occlusion and
having residual flow as shown in Table 3.

According to Krichenko et al’s angiogra-
phic classification of PDA,(14) the majority of the
presented cases had PDA type A (90.9%), as shown
in Table 4.

Coil occlusion procedure

Single-coil occlusions were performed in
52 cases (74.3%) and double-coil occlusions in the
remainder (18 cases, 25.7%). In single-coil occlu-
sions, transarterial (retrograde) approach was under-
taken in 50 cases (96.2%) and transvenous (antero-
grade) approach in 2 cases (3.8%). In double-coil
occlusions, the coils were simultaneously antero-
grade deployed in 9 cases (50.0%), simultaneously

Table 2. Comparison of the hemodynamic data obtained from cardiac catheterization between
the successful and unsuccessful coil deployments of patent ductus arteriosus (PDA).
Successful (n = 70) Unsuccessful (n=7) P value
Range Mean Range Mean
PDA size (mm) 1.40 - 3.70 2.39 +0.59 3.10- 6.80 441+1.24 0.005*
PDA /BSA 1.02-16.8 340 +2.04 3.60-7.08 4.85+1.42 0.04*
PDA/ Ao 0.10 - 0.64 0.21 +0.09 0.21-0.48 0.31 £ 0.09 0.10
Qp: Qs 1.10 - 3.50 1.71 £ 0.52 1.60-4.10 254+ 1.14 0.101
PAP (mmHg) 15.0-75.0 27.1£9.38 24.0- 80.0 40.00 + 18.80 0.003*
Pulse pressure (mmHg) 32.0-78.0 45.64 + 8.90 44.0 - 60.0 50.86 + 6.04 0.135

BSA, body surface area: Ao, descending aorta; Qp : Qs, the ratio of pulmonary to systemic blood flow;

PAP, pulmonary artery pressure; *, statistical significantly (p < 0.05)

Table 3. Comparison of hemodynamic data obtained from cardiac catheterization between the
completely coil occluded patients (group A) and those having residual flow after coil

occlusion (group B).

Group A (n=54) Group B (n=11) P value
Range Mean Range Mean
PDA size (mm) 1.4-38 2.40 +0.57 1.4-37 2.17+0.63 0.163
PDA /BSA 1.02-6.0 324+ 1.26 1.31-6.27 317+ 1.34 0.847
PDA / Ao 0.10- 0.41 0.20 £ 0.08 0.10-0.39 0.20 + 0.08 0.922
Qp/ Qs 1.10-3.5 1.70 £ 0.50 1.10-3.0 1.65 + 0.65 0.812
Qp/Qsy 10-1.2 1.00 £ 0.03 1.0- 1.7 1.12+0.21 0.106
PAP| 15-48 26.44 +7.21 20-45 27.27+8.11 0.735
PAP, 11-38 23.29 + 640 20-35 2475 + 547 0.552
Pulse pressure | 32-78 46.26 +9.59 35-55 43.82 + 6.54 0.557
Pulse pressure, 25-58 39.78 + 8.67 26-50 37.30 £ 6.62 0.397

The abbreviations were same as in Table 2. 1, pre occlusion of PDA; 2, post occlusion of PDA
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Table 4. The PDA type, according to Krichenko et al’s angiographic classification
of the patients(14).
PDA type Total Successful Unsuccessful
deployment deployment
(n=77) (n=70) (n=7)
Number % Number % Number %
A 70 90.9 65 929 5 714
B 3 39 3 43 - R
C 2 2.6 1 1.4 1 14.3
E 1 1.3 - - 1 143
Unknown 1 1.3 1 1.4 - -
anterograde and retrograde deployed in 7 cases Complications

(38.9%) and simultaneously retrograde deployed in
2 cases (11.1%). In majority of single-coil occlu-
sions (45 cases, 86.5%), the conventional 0.038-inch
Gianturco coils were deployed. The other types of
coils used or technique performed in the remainder
included 0.038-inch detachable coils (5 cases, 9.6%),
0.052-inch coils (3 cases, 5.2%) and snare-assisted
technique (1 case, 1.9%). In double-coil occlusions,
the detachable coils were used in conjunction with
the conventional Gianturco coils in 4 cases (22.2%).

The procedure time ranged from 30 to 230
minutes (mean 78.1 + 35.1 minutes). The fluoro-
scopic time ranged from 6 to 109 minutes (mean
20.2 + 15.6 minutes). Duration included the retrieval
time of the embolized coils.

Outcomes

Five cases (7.2%) were lost to follow-up,
therefore, the result in these patients could not be
stated. The total cases of complete coil occlusion
of PDA (the success rate) were 57 cases out of 65
cases (87.7%), divided into the immediate success
rate 40 cases (61.5%) and delayed closure 17 cases
(26.2%) within the duration 1 to 12 months (mean
3.75 + 3.62 months). One case of delayed closure
was lost to follow-up until 2 years after the proce-
dure. She came back and echocardiography was
performed and revealed complete occlusion of PDA.
A tiny residual flow of PDA was demonstrated by
echocardiogram in 8 cases (12.3%) with the follow-
up duration between 1 and 30 months.

Continuous murmur disappeared in every
case of completely occluded PDA (56 cases). The
remainder still have systolic murmur of the asso-
ciated cardiac anomalies.

Immediate minor complications occurred
in 10 cases (12.9%), including coil embolization to
the distal pulmonary artery (6 cases, 8.6%), coil with
catheter slipped to pulmonary artery or descending
aorta (1 case of each, 1.4%) and decreased dor-
salis pedis pulse (1 case, 1.4%). Coil embolization
occurred in single-coil deployments in 3 cases and
in double-coil deployments in 3 cases. Embolized
coils were retrievable in 4 cases (66.7%). In the
remainder, attempts were made to retrieve the embo-
lized coils or it was decided not to retrieve them:
especially in the early phase of intervention (1995).
However, the pulmonary angiogram revealed no
significant obstruction of distal pulmonary artery and
no pulmonary infarction detected on the CXR. In
cases in which the catheter with coil slipped, the
authors were able to remove the catheter with the
coil without any complication. Thereafter, the coils
were successfully deployed in the same procedure
in both cases.

Mild LPA stenosis was detected by Doppler
echocardiogram in 7 cases (10%), excluding 2 cases
associated with congenital rubella. The mean peak
velocity was 1.7 m/sec, ranging from 1.5 to 2.1 m/
sec, only one case had LPA peak velocity greater
than 2 m/sec. The PDA size of these patients ranged
from 1.7 to 3.2 mm (mean 2.5 mm). Their body
weight ranged from 12.5 to 27.8 kg (median 15.2
kg). In all of these cases, the 0.038-inch and 5 mm
diameter coils were deployed (single-coil occlusion
in 5 cases and double-coil occlusion in 2 cases).
However, no significant murmur and clinical com-
plication were present at the most recent follow-up.
There was one case with peak velocity in the des-
cending aorta of 1.6 m/sec without late adverse event.
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One late death occurred, unrelated to the procedure.
She was born prematurely and bronchopulmonary
dysplasia developed after a prolonged period on a
ventilator. The procedure was performed at the age
of 3 months (3.5 kg). Her PDA size was 3.7 mm in
diameter. The coil was successfully deployed with
moderate residual flow. She could not be weaned
from the ventilator and unfortunately, died 2 months
later from pneumonia.

DISCUSSION

Transcatheter occlusion of small-to-mode-
rate PDAs using Gianturco coils is feasible, safe,
effective and less costly than surgical closure(3,4,
20). Although the recommended minimum PDA dia-
meter for coil occlusion was < 3-3.5 mm(6.21), due
to their lack of manouverability and physical limita-
tion of grip forceps, leading to risk of embolization
(6), the larger size upto 6.8 mm was successfully
deployed by using snare-assisted technique and
multiple coils(19). Echocardiography was performed
to identify the candidates for coil occlusion. It was
reported that the PDA sizes measured by Doppler-
echocardiography often overestimated the sizes
obtained by angiography and there was no correla-
tion between the two methods(22). In contrast, in the
present study, it was found that the PDA sizes mea-
sured by echocardiogram was smaller than those
obtained by angiogram and there was correlation
between the methods.

Successful deployment of at least one coil
was achieved in 94 per cent with a 98 per cent
occlusion rate in PDA minimum diameter of equal to
or less than 2.5 mm(23) and increased occlusion rate
upto 100 per cent by using multiple coils(12). The
snare-assisted technique increased successful place-
ment of coils upto 100 per cent, irrespective of
size or angiographic type(19). Immediate complete
occlusion was found in 70.2 per cent, related to
smaller sizes but not to angiographic type(19). In
the present study, the immediate complete occlusion
rate was 61.5 per cent with a total occlusion rate
of 87.7 per cent. The remainder (12.3%) had silent
residual shunt without clinical evidence, similar to
LeBlanc’s report (13.3%)(23). When compared with
surgical ligation, the residual rate was found to vary
from 6 to 23 per cent(24). Technique improvement
increased successful deployment and occlusion rate.
Multiple coils allowed successful occlusion of mode-
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rate size upto 6.8 mm, irrespective to angiographic
type(12,19). The need of multiple coils was found in
26.9 per cent(19), close to the present study (25.7%).

The complications of transcatheter coil
occlusion of PDA were few (3.5%) including hemo-
lysis (0.1-3.6%),(25,26) and embolization of a coil
to the pulmonary artery (2.3%)(25). Although hemo-
lysis is an important complication after coil implan-
tation and related to large ducts(26), the authors
have no experience in this event. In the present
study, minor complications occurred in 12.9 per cent.
The majority of the complications in the present
study were mild left pulmonary artery stenosis (10%)
and coil embolization to distal pulmonary artery
(8.6%). Similar to the Galal et al’s report, which
found left pulmonary artery stenosis in 11 per cent
(27). In the authors’ experience, a long tubular PDA
with a minimum diameter of greater than 3 mm
tended to expand during coil deployment, despite
double-coil placement, resulting in coil dislodge-
ment. The authors suggest that more coils or PDA
device closure should be performed in such cases.
Sanatani et al concluded that the maximum diameter
of the PDA suitable for coil occlusion is approxi-
mately 3 mm(21). Recently, it was reported that a
giant aneurysm developed in an infant with Marfan
syndrome following successful PDA coil occlusion
(28). Reopening of the PDA after complete occlu-
sion may occur, associated with a short PDA length
and type B(29) or with a three-loop Gianturco coil
(30). They recommended that using five-loop coils
may produce a larger thrombus than using three-loop
coils which result in no or less probability of recana-
lization of PDA during follow-up(30). No procedural
death of transcatheter coil occlusion was detected,
in contrast, 0.4 per cent intra-operative deaths were
reported(23).

SUMMARY

Transcatheter coil occlusion of patent ductus
arteriosus with a diameter of less than 3.5 mm has
proven to be an alternative therapy to surgical liga-
tion or device closure. It is marginally less effec-
tive but significantly more cost-effective than con-
ventional surgery. With improvement in technique,
device selection and appropriate case selection, there
should be a further increase in the rate of complete
occlusion and decrease in complications with this
strategy.



Vol. 85 Suppl 2

ACKNOWLEDGEMENT

This study was partially grant supported

by "Chalerm Pra Kiert Fund". The authors wish to

TRANSCATHETER COIL OCCLUSION OF SMALL PATENT DUCTUS ARTERIOSUS $637

thank all paramedics in Her Majesty Cardiac Centre,
Siriraj Hospital for their assistance in this study.

(Received for publication on February 1, 2002)

REFERENCES

1.

10.

1.

Rao PS. Transcatheter occlusion of patent ductus
arteriosus: Which method to use and which ductus
to close (editorial; comment). Am Heart J 1996;
132: 905-9.

Thilen U, Astrom-Olsson K. Does the risk of
infective endocarditis justify routine patent ductus
arteriosus closure ? Eur Heart J 1997; 18: 503-6.
Forbes TL, Evans MG. Optimal elective manage-
ment of patent ductus arteriosus in the older child.
J Pediatr Surg 1996; 31: 765-7.

Singh TP, Morrow WR, Walters HL, Vitale NA,
Hakimi M. Coil occlusion versus conventional
surgical closure of patent ductus arteriosus. Am J
Cardiol 1997; 79: 1283-5.

Weber HS, Cyran SE, Gleason MM, et al. Trans-
catheter vascular occlusion of the small patent
ductus arteriosus: An alternative method. Pediatr
Cardiol 1996; 17: 181-3.

Grabitz RG, Freudenthal F, Sigler M, Seghaye
MC, Boosfeld C, von Bernuth G. Coil on the loop
and selectively enhanced stiffness for improved
control: Feasibility study in the neonatal ovine
model of the large patent ductus arteriosus. Invest
Radiol 1997; 32: 636-43.

Hijazi ZM, Geggel RL. Results of anterograde
transcatheter closure of patent ductus arteriosus
using single or multiple Gianturco coils. Am J
Cardiol 1994; 74: 925-9,

Hijazi ZM, Lloyd TR, Beekman III RH, Geggel
RL. Transcatheter closure with single or multiple
Gianturco coils of patent ductus arteriosus in
infants weighing < 8 kg: Retrograde versus ante-
grade approach. Am Heart J 1996; 132: 827-35.
Owada CY, Teitel DF, Moore P. Evaluation of
Gianturco coils for closure of large (= 3.5 mm)
patent ductus arteriosus. J Am Coll Cardiol 1997;
30: 1856-62.

Akagi T, Hashino K, Sugimura T, et al. Coil occlu-
sion of patent ductus arteriosus with detachable
coils. Am Heart ] 1997; 134: 538-43.

Podnar T, Masura J. Percutaneous closure of patent
ductus arteriosus using special screwing detachable

12.

13.

14,

17.

18.

19.

20.

21.

coils. Cathet Cardiovasc Diagn 1997; 41: 386-91.
Zellers TM, Wylie KD, Moake L. Transcatheter
coil occlusion of the small patent ductus arteriosus
(< 4 mm): Improved results with a “multiple coil-
no restdual shunt” strategy. Cath Cardiovasc Interv
2000; 49: 307-13.

Celiker A, Qureshi SA, Bilgic A, et al. Trans-
catheter closure of patent arterial ducts using con-
trolled-release coils. Eur Heart J 1997; 18: 450-4.
Krichenko A, Benson LN, Burrows P, Mdes
CAF, McLaughlin P, Freedom RM. Angiographic
classification of the isolated, persistently patent
ductus arteriosus and implications for percuta-
neous catheter occlusion. Am J Cardiol 1989; 63:
877-80.

Lloyd TR, Fedderly R, Mendelsohn AM, Sandhu
SK, Beekman III RH. Transcatheter occlusion of
patent ductus arteriosus with Gianturco coils.
Circulation 1993; 88 (Part I): 1412-20.

Moore JW, George L, Kirkpatrick SE, et al.
Percutaneous closure of the small patent ductus
arteriosus using occluding spring coils. J Am Coli
Cardiol 1994; 23: 759-65.

Cambier PA, Kirby WC, Wortham DC, Moore
JW. Percutaneous closure of the small (< 2.5 mm)
patent ductus arteriosus using coil embolization.
Am J Cardiol 1992; 69: 815-6.

Sommer RJ, Gutierrez A, Lai WW, Parness IA.
Use of preformed nitinol snare to improve trans-
catheter coil delivery in occlusion of patent ductus
arteriosus. Am J Cardiol 1994; 74: 836-9.

Ing FF, Sommer RJ. The snare-assisted technique
for transcatheter coil occlusion of moderate to large
patent ductus arteriosus: Immediate and interme-
diate results. Am Coll Cardiol 1999; 33: 1710-8.
Prieto LR, DeCamillo DM, Konrad DJ, Scalet-
Longworth L, Latson LA. Comparison of cost and
clinical outcome between transcatheter coil occlu-
sion and surgical closure of isolated patent ductus
arteriosus. Pediatrics 1998; 101: 1020-4.

Sanatani S, Potts JE, Ryan A, Sandor GG, Human
DG, Culham JA. Coil occlusion of the patent ductus
arteriosus : Lessons learned. Cardiovasc Interv



S638

22,

23

24.

25.

26.

D. LAOHAPRASITIPORN et al.

Radiol 2000; 23: 87-90.

Wong JA, Shim D, Khoury PR, Meyer RA. Valida-
tion of color Doppler measurements of minimum
patent ductus arteriosus diameters: Significance for
coil embolization. Am Heart J 1998; 136 (4 Pt 1):
714-7.

LeBlanc JG, Russell JL, Sett SS, Potts JE, Human
DG, Culham JA. The evolution of ductus arteriosus
treatment. Int Surg 2000; 85: 1-5.

Podnar T, Masura J. Transcatheter occlusion of
residual patent ductus arteriosus after surgical
ligation. Pediatr Cardiol 1999; 20: 126-30.
Hofbeck M, Bartolomaeus G, Buheitel G, et al.
Safety and efficacy of interventional occlusion of
patent ductus arteriosus with detachable coils: A
multicentre experience. Eur ] Pediatr 2000; 159:
331-7.

Uzun O, Veldtman GR, Dickinson DF, Parsons
JM, Blackburn ME, Gibbs JL. Haemolysis follow-

27.

28.

29.

30.

J Med Assoc Thai  August 2002

ing implantation of duct occlusion coils. Heart
1999; 81: 160-1.

Galal O, de Moor M, al-Fadley F, Hijazi ZM.
Transcatheter closure of the patent ductus arterio-
sus: Comparison between the Rashkind occluder
device and the anterograde Gianturco coils tech-
nique. Am Heart J 1996; 131: 368-73.

Marasini M, Rimini A, Zannini L, Pongiglione G.
Giant aneurysm following coil occlusion of patent
ductus arteriosus, Catheter Cardiovasc Interv 2000;
50: 186-9.

Daniels CJ, Cassidy SC, Teske DW, Wheller JJ,
Allen HD. Reopening after successful coil occlu-
sion for patent ductus arteriosus. J Am Coll Cardiol
1998; 31: 444-50.

Rao PS, Balfour IC, Jureidini SB, Singh GK,
Chen SC. Five-loop coil occlusion of patent ductus
arteriosus prevents recurrence of shunt at follow-
up. Catheter Cardiovasc Interv 2000; 50: 202-6.




Vol. 85 Suppl 2 TRANSCATHETER COIL OCCLUSION OF SMALL PATENT DUCTUS ARTERIOSUS S639

MItanapmdnn ductus arteriosus AIBYARINVUIALRANNEETIUAIR
Uszsumsailulsanenunading

ANNG SEIMUSEENDBWS, WUt BATIE U, WL
PPANN GITIN, WU NOAEININ QIARABLNG, WU,
31599500 ANAING, NN TUA [5IWAT mutr gngg Yswdemunes, mut

Tuilaguvansamuuiisnmslavaoaidan ductus arteriosus (PDA) AHTIAEN (< 35 WW) MEIAaIN
punadnysmgrilaunumsthdasns s ldnsiignni Tnsewislulsandlng ansdideuiweiiaun
Uszaunsaimasnendaegdsilulsaneunading

fthsuasimadnm : AnwdiheynneidadssilsfaundRlaiunmsitadedeaduieasiay
prnigepnialainiu PDA e < 35 wn wazldvnmisiavasadoadsanainvmesneauialaiimain-
MITNERS  ANTUANEAMEATATNINREILIG susidiauiusnen 2538 v fiquieu 2543 Tasvinmisdnm
hemodynamic ApWLAzNAINIUAvaEEnn Usuiiuuamssnsniuscosidounay uasivnsnal FIMIMITUNINT DY

HamMIAnw : ug”ﬂ'wv?wum 77 8 Iiumstiavasndaamesnesuiala 78 a3 wui 70 1w ($osar
90.9) swsnllavanadnnls Ustnousie wate 19 118 (3peaz 27.1) waswemdy 51 918 (Souay 72.9)
8n 7 neAdeliduSadesdefihboidnsnm unsfsmnsnlansaadaanemosinialsld fangisegu 6 T
6 \iipw dwindsegu 165 nn. feuas 286 vawfihedarwisundduinmeneluiaz/misusmitla yanelil
mmafiaUnd snctu 1 Pelddumsnsmeladunsuunlidulloadas fasa: 743 Tdsumsiavasaidan
favvaain 1 @ doaz 257 Traain 2 Wy sreznamdslumilavasadon 781 + 351 W szoznanRds
Tumsld fluoroscope 202 + 156 wivi sanansalumstlananadonioeas 87.7 inmIaandudsasyiou
amdgeuanilalussazvamuh $asar 123 fsasspmanadnandnidnipy Seear 7 wpwfihebildiness
aanfavaamsing liwuauuensepieihisdndnlusuauas hemodynamic vaangngiheficunInianassdan
Ifainuaznaridefisagumanag mizunIndburaimsinwwuinga: 129 ldur viapsidnaunspaduthe
fimsiudnipe (Sasar 10) ssaemaslluvanaiosualan (3peaz 8.6) AMIADUNGATDITNITIULAZIANIN
($pwaz 2.9) Fwas dorsalis pedis 1N (3ppar 1.4) 1 Nedu BPD W@edisnnuassniumenaimstavasadon
2 oy

ajU : milaviaan@an ductus arteriosus MBARIRTWIABNMNEEFINAIlY @ansonldazain
vanady fuszdvmwinfisnusenldasgnnimseiidn miwaundumeia slavpuedpdiorldte waznndan
dihoathaminzan asmlisanaiaominmngiuwazmizunsndaulunmsmanag

-~

ndAty - mstlavassiden ductus arteriosus nuEBFIUAILA

De

mend invusindnwg, BAME W, MITRNW Ry, ussAu
WVNBIRYNUNNE 4 2545; 85: (aULALAY 2); S630-S639

* mirslsamalagin, madnnsugemand,
= gninnugugliailasufanssunnddun, Ausuwnemaaddinemeina, smingdsuiing, njnmw 4 10700






