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Abstract

Objective: We evaluated the safety and effectiveness of the Flipper detachable Cook coil for transcatheter closure of small-to-medium-sized patent ductus 
arteriosus (PDA) in a large single-center cohort with long-term follow-up.

Methods: This retrospective study included consecutive patients who underwent PDA closure with a Flipper detachable Cook coil between 2004 and 2022. 
Indications for closure followed contemporary guidelines. Demographics, PDA morphology (Krichenko classification), procedural details, complications, 
and echocardiographic outcomes were recorded. Although cut-off values vary in the literature, for clarity in the present study, we considered PDAs <4 mm 
in diameter as small and ≥4 mm as large.

Results: A total of 201 patients were included (42.3% male). Mean age was 56.5±49.6 months and median weight was 15 kg (interquartile range: 11-23.5). 
Most PDAs were small (<4 mm; 69.7%), and type A morphology predominated (63.2%). Procedural success was achieved in 196/201 patients (97.5%). 
Complications were infrequent: coil embolization occurred in 4/201 (2.0%) and cardiac tamponade in 1/201 (0.5%). Residual shunt was detected in 2/201 
(1.0%) on early echocardiography, with complete occlusion documented by ≤6 months in all cases. Mean echocardiographic follow-up was 121.8±49.4 
months (~10.2 years).

Conclusion: Transcatheter closure of small-to-medium-sized PDA using the Flipper detachable Cook coil is safe and effective, with high procedural success 
and durable long-term outcomes in appropriately selected patients.
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Öz

Amaç: Küçük ve orta boy patent duktus arteriyozus (PDA) kapatılmasında Flipper Cook coil kullanımının güvenliğini ve etkinliğini, uzun dönem takipli geniş 
bir tek merkez kohortunda değerlendirmeyi amaçladık.

Yöntem: Bu retrospektif çalışmaya, 2004-2022 yılları arasında Flipper Cook coil ile PDA kapatılan ardışık hastalar dahil edildi. Kapatma endikasyonları 
güncel kılavuzlara göre belirlendi. Demografik özellikler, PDA morfolojisi (Krichenko sınıflaması), işlem ayrıntıları, komplikasyonlar ve ekokardiyografik 
sonuçlar kaydedildi. Bulgular hem tüm grup hem de PDA boyutuna göre (<4 mm ve ≥ 4 mm) raporlandı.
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Introduction
Patent ductus arteriosus (PDA) is one of the most common 
congenital heart lesions and has been the focus of 
continuous therapeutic innovation. The first transcatheter 
attempt at angiographic PDA closure was reported in 1967 by 
Porstmann et al.(1), who used an Ivalon plug. In subsequent 
decades, several devices were introduced, including the 
Rashkind umbrella in 1979 and coil systems in the early 
1990s; these devices enabled safe and effective closure of 
small-to-medium-sized ducts(2). In 1998, the introduction 
of the Amplatzer duct occluder further expanded the 
transcatheter approach to larger PDAs, making catheter-
based closure the treatment of choice in most patients(3-6).

Among transcatheter techniques, detachable coils are 
still widely used, particularly in patients with favorable 
anatomy(4-7); moreover, although cut-off values vary across 
the literature, in the present study we defined PDAs <4 mm 
in diameter as small and those ≥4 mm as large.

Flipper detachable Cook coils offer specific advantages over 
earlier coil systems because they can be repositioned prior to 
detachment, improving procedural safety and accuracy(8-11). 
While many studies have confirmed the feasibility of coil 
closure, most reports are limited by small sample sizes or 
short follow-up periods.

Our institution has employed detachable coils for PDA 
closure since 2004, with systematic echocardiographic 
follow-up. This study presents our single-center experience 
with 201 patients over an almost 20-year period, providing 
one of the largest cohorts and the longest reported follow-
up to date. We describe procedural success, complications, 
and long-term outcomes and discuss these findings in the 
context of the existing literature.

Materials and Methods

Study Design and Population

We conducted a retrospective analysis of consecutive 
patients who underwent the transcatheter closure of 
PDA using a Flipper detachable Cook coil at the Pediatric 
Cardiology Department of Ege University between January 
2004 and December 2022. The study was approved by the 
Ege University Institutional Ethics Committee (approval no: 
24-3T/74, date: 07.03.2024) and written informed consent was 
obtained from the parents or legal guardians of all patients.

Inclusion and Exclusion Criteria

Indications for PDA closure were based on the American 
Heart Association Guidelines (1998 and 2011)(12,13). Eligible 
patients included those with evidence of left heart volume 
overload (left atrial or ventricular enlargement on 
echocardiography), a continuous murmur, and/or significant 
ductal flow demonstrated by color and continuous-wave 
Doppler, even in the absence of an audible murmur.

Patients with associated congenital heart defects requiring 
surgical or interventional treatment were excluded. 
Specifically, cases with atrial septal defect, ventricular septal 
defect, tetralogy of Fallot, or significant valvular disease 
were not included. Patients with chronic comorbidities (such 
as chronic lung disease, severe systemic illness, or genetic 
syndromes) were also excluded.

Age and Weight Distribution

To clarify the demographic profile, patients were analyzed 
both as a single cohort and in strata defined by 5-year 
enrollment periods (2004-2008, 2009-2013, 2014-2018, 
and 2019-2022). This allowed the assessment of possible 

Öz

Bulgular: Çalışmaya toplam 201 hasta dahil edildi (%42,3 erkek). Ortalama yaş 56,5±49,6 ay, medyan vücut ağırlığı 15 kg (çeyrekler arası aralık 11-23,5) 
idi. Hastaların çoğunda PDA küçüktü (<4 mm; %69,7) ve en sık görülen morfoloji tip A idi (%63,2). İşlemsel başarı 196/201 hastada (%97,5) sağlandı. 
Komplikasyon oranı düşüktü: 4 hastada (%2,0) coil embolizasyonu, 1 hastada (%0,5) kardiyak tamponad görüldü. İki hastada (%1,0) erken dönemde 
rezidüel şant saptandı ve tümü 6 ay içinde spontan olarak kapandı. Ortalama ekokardiyografik takip süresi 121,8±49,4 ay (yaklaşık 10,2 yıl) idi.

Sonuç: Küçük ve orta boy PDA’ların Flipper Cook coil ile transkateter kapatılması, uygun seçilmiş hastalarda yüksek başarı oranı ve düşük komplikasyon 
riskiyle güvenli ve etkili bir yöntemdir.

Anahtar Kelimeler: Çocuk, patent duktus arteriyozus, Flipper Cook coil, transkateter kapatma
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temporal changes in patients’ age and weight at the time of 
the procedure.

Flipper Detachable Coils 

The coil occlusion technique has been utilized across 
various anatomical sites since its introduction in 1972(14-

20). The pioneering closure of PDA using Gianturco coils in 
1992 marked a significant advancement in the field. The 
principle of embolization with coils involves selecting a 
coil whose loop diameter is larger than the PDA diameter. 
Upon deployment, the loops on each side of the PDA (at the 
pulmonary and aortic ends) secure the coil in place through 
its inherent spring effect. Over time, the coil fibers promote 
clot formation, effectively obstructing flow through the PDA. 
Subsequently, the coil and clot become endothelialized, 
contributing to the permanent closure of the PDA(16-18).

Flipper coils are made of stainless-steel spring wires that 
are coated with tetrafluoroethylene and lined along their 
entire length with synthetic Dacron fibers(18-20). They are 
first deployed and then detached (unscrewed) from the 
delivery wire. This allows the coil to be retrieved if the 
delivery position is unsatisfactory. This is different from the 
classical Gianturco coils, which are pushed out of a delivery 
catheter by a coil pusher wire and, once deployed, cannot be 
retrieved except by a snare. Therefore, they are considered 
non-detachable.

Coils are available in various sizes, with the most commonly 
used sizes being 3x3, 3x4, 3x5, 5x3, 5x4, 5x5, 6.5x3, 6.5x4, and 
6.5x5. In these measurements, the first number represents 
the coil loop diameter in millimeters, and the second number 
represents the number of loops in the coil. Larger sizes (8x3, 
8x4, 8x5) are also available but are not commonly used. The 
selected coil diameter should be twice the diameter of the 
PDA at its narrowest point. The number of loops chosen 
depends on the size of the ductal ampulla at the aortic end-
the deeper the ampulla, the more loops that can be packed 
into it.

PDA Closure Protocol

The procedure for PDA closure was performed under 
sedation in all patients. Following local anesthesia, arterial 
sheaths were placed in some patients and venous sheaths 
in others, both using a percutaneous technique. Patients 
were administered 50 I.U./kg of heparin. The anatomy and 
diameter of the PDA were determined by injecting contrast 

material with the patient initially in the 90° left lateral 
position, using appropriate catheters. If optimal images 
could not be obtained, injections were made in the 30-
40° right-oblique+10-30° cranial positions. The PDA was 
classified angiographically according to the criteria defined 
by Krichenko et al.(14). The preferred coil diameter should 
be 1.5-2 times that of the narrowest portion of the PDA. 
Closure is performed using transvenous and transarterial 
approaches. Before releasing the device, the device location 
and the presence of residual shunt were assessed by injection 
of contrast material in all patients (Figure 1.1 and Figure 1.2). 
The device was repositioned when necessary.

Post-procedural Care and Follow-up

After the procedure, all patients were admitted for 
overnight observation. Clinical assessment, chest X-ray, and 
echocardiography were performed before discharge. Follow-
up echocardiography was conducted at 24 hours, 1 month, 
6 months, 1 year, and annually thereafter. Residual shunt, 
left pulmonary artery stenosis, and aortic obstruction were 
specifically assessed. The mean follow-up duration was 
121.8±49.4 months.

Figure 1.1. Angiographic visualization of PDA closed 
transcatheter with Cook coil device-detection of PDA with 
contrast medium before cook coil application

PDA: Patent ductus arteriosus
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Statistical Analysis

Statistical analyses were performed using SPSS version 
22.0 (IBM Corp., Chicago, IL, USA). Categorical variables 
are presented as numbers and percentages. Continuous 
variables with normal distribution are reported as mean 
± standard deviation (SD), and non-normally distributed 
variables as median with interquartile range (IQR). 
Comparative analyses were conducted between small (<4 
mm) and large (≥ 4 mm) PDAs, as well as between type A 
and type E duct morphologies. Chi-square or Fisher’s exact 
test was applied to categorical variables, student’s t-test or 
Mann-Whitney U test was applied to continuous variables, 
and logistic regression was used to explore predictors of 
procedural success and complications. A p-value <0.05 was 
considered statistically significant.

Statistics 

SPSS 22.0 (SPSS, Inc., Chicago, IL, USA) was used for 
statistical analysis. In the analysis, categorical variables 
are presented as numbers and percentages. Normally 
distributed continuous variables were expressed as mean ± 
SD), and non-normally distributed variables were expressed 
as median and IQR.

Results
A total of 201 patients underwent attempted PDA closure 
with a Flipper detachable Cook coil. Of these, 85 (42.3%) 
were male and 116 (57.7%) were female. The mean age at the 
time of intervention was 56.5±49.6 months, and the median 
weight was 15 kg (IQR: 11-23.5). Patient age and weight 
at intervention were stable across the two decades, but 
subgroup analysis by 5-year enrollment periods showed a 
trend toward younger patients in the later years of the study.

PDA Size and Morphology

The median ductal diameter was 2 mm (IQR: 2-3). Based 
on size, 140 patients (69.7%) had a small PDA (<4 mm) 
and 61 (30.3%) had a large PDA (≥4 mm). Angiographic 
classification, according to the Krichenko criteria, revealed 
type A morphology in 127 (63.2%) patients, type E in 24 
(11.9%), type C in 14 (7.0%), and types B, D, and F in 2 patients 
each (1.0% per type).

Procedural Success and Complications

Successful closure was achieved in 196 patients, yielding an 
overall success rate of 97.5%. In 192 (95.5%) patients, the coil 
was delivered via the arterial route, while 9 (4.5%) required 
a venous approach. The procedure failed in 5 patients (2.5%), 
all of whom were subsequently referred for alternative device 
closure.

Complications were rare. Coil embolization occurred in 4 
patients (2.0%): one in the main pulmonary artery, two in 
the right pulmonary artery, and one in the descending aorta. 
Three were retrieved percutaneously, while one required 
surgical removal. One patient (0.5%) developed cardiac 
tamponade during the procedure, requiring urgent surgical 
intervention. Importantly, there were no deaths.

Residual Shunt and Follow-up Outcomes

Immediately after the procedure, trivial residual shunts were 
detected in 2 patients (1.0%). Both closed spontaneously 
within 6 months. At long-term echocardiographic follow-
up (mean: 121.8±49.4 months, range: 29-230 months), 
complete closure was confirmed in all patients, and no cases 
of recanalization, hemolysis, endocarditis, pulmonary artery 
stenosis, or aortic obstruction were observed.

Figure 1.2. Control of the PDA occluded with Flipper 
detachable Cook coil with contrast medium

PDA: Patent ductus arteriosus
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Subgroup Analyses

• Small vs. Large PDA:  Procedural success was slightly 
higher in small PDAs (98.6% vs. 95.1%), though the difference 
was not statistically significant (p>0.05). Complications 

occurred more frequently in medium-sized ducts (4.9% vs. 
1.4%), largely due to embolization.

• Morphology (type A vs. type E): Type A PDAs demonstrated 
higher closure rates and fewer complications than type E, 
although differences did not reach statistical significance.

Type A ductus was found in 127 patients (63.2%), type B in 2 
(1%), type C in 14 (7%), type D in 2 (1%), type E in 24 (26.8%), 
and type F in 2 (1%) (Table 1). PDA was successfully closed 
with a coil in 196 patients. The duct was classified based 
on angiographic visualization. Type A ductus was found in 
127 patients (63.2%), type B in 2 patients (1%), type C in 14 
patients (7%), type D in 2 patients (1%), type E in 24 patients 
(26.8%), and type F in 2 patients (1%) (Table 1). PDA was 
successfully closed with a coil in 196 patients.

In 5 (2.48%) cases, the procedure was unsuccessful. Patients 
were followed up with echocardiography for an average of 
121.8 months (SD±49.4). Only two patients had a residual 
shunt. Both of these patients experienced spontaneous 
closure during subsequent follow-ups.

The PDA was closed via the arterial route in 192 patients 
(95.5%) and via the venous route in 9 patients (4.5%). In our 
study, the procedure was unsuccessful in 5 cases (2.48%). 
Embolization occurred in four patients (1.9%). The coil 
embolized to the main pulmonary artery in one patient, to 
the right pulmonary artery in two patients, and to the aorta 
in another patient. The patient in whom the device embolized 
to the aorta was referred for cardiovascular surgery, and 
the coil was surgically removed. The embolized coils in the 
other three patients were removed using a transcatheter 
procedure. One patient (0.5%) developed tamponade 
during the procedure and required urgent intervention by 
the cardiovascular surgery team (Figure 2). Leakage was 
observed in two patients (1%) after closure of the PDA with 
a coil. In these patients, the ductus diameters were 3 mm 
and 4 mm, and the ductus lengths were 4 mm and 5 mm; 
all patients had type A ductus. The patients were monitored 
for any residual shunt, and none of them experienced 
complications such as hemolysis, infection, or thrombosis. 
Long-term follow-up also revealed no complications, such 
as ductus recanalization or stenosis of the pulmonary artery 
or aorta, in patients with complete occlusion.

Discussion
Transcatheter closure of PDA using detachable coils has 
been a well-established technique since the early 1990s(18-24). 

Table 1. Patients demographic and angiographic datas

Patients demographic And angiographic data

Gender 
Male

Woman

85 (%57.7)

116 (%42.3)

Age (month) Mean 56.5 months (SD: 49.6)

Weight (kg) Median 15 (IQR: 11-23.5)

Narrowest diameter of the duct 
(mm)

Median 2 mm (IQR: 2-3)

Moderate PDA (>2.5 mm PDA) 61 (%30.3)

Small PDA (≤2.5 mm PDA) 140 (%69.7)

Ductus shapes 

Type A 127 (%63.2)

Type B 2 (%1)

Type C 14 (%7)

Type D 2 (%1)

Type E 54 (%26.8)

Type F 2 (%1)

Ductus closure method

Transarterial route 192 (% 95.5 )

Transvenous route 9 (% 4.5)
SD: Standard deviation, IQR: Interquartile range, PDA: Patent ductus arteriosus

Figure 2. Schematization of success rates of patients 
undergoing coil closure and management of complications
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Numerous studies have demonstrated its feasibility, safety, 
and cost-effectiveness, particularly in patients with small-
to-medium ducts. However, most reports are limited by 
relatively small sample sizes and short follow-up durations. 
Our study, encompassing 201 patients with a mean follow-
up of more than 10 years, represents one of the largest and 
longest single-center experiences with Flipper detachable 
Cook coils to date.

Clinical Outcomes and Procedural Success

Our overall procedural success rate of 97.5% aligns with 
previously published data, which reported coil closure success 
rates ranging from 89% to 100%. Similar to prior reports(20-26), 
we observed that complications were infrequent and that no 
mortality occurred. The durability of occlusion was excellent: 
residual shunt was documented in only 1% of patients during 
early echocardiography and resolved spontaneously in all 
cases within 6 months. Long-term follow-up confirmed 
sustained closure without recanalization, hemolysis, or 
device-related vascular obstruction.

Complications and Preventive Strategies

Device embolization remains the most frequent complication 
of coil closure, with reported rates varying between 0% 
and 6.5%(24-28). In our series, embolization occurred in 2.0% 
of patients, typically in medium-sized ducts with a wider 
morphology. This finding reinforces the importance of careful 
coil sizing and angiographic assessment before release. The 
detachable feature of the Flipper coil likely contributed to our 
low embolization rate, as repositioning was possible in cases 
of suboptimal placement. One patient developed tamponade 
that required prompt surgical intervention and subsequently 
achieved a full recovery. These outcomes highlight that while 
complications are rare, procedural vigilance and immediate 
surgical backup remain essential.

Age, Weight, and Temporal Trends

The mean patient age in our cohort (56.5 months) is 
comparable to some reports in the literature(14-27), though 
higher than in other reports. This may reflect referral 
patterns over the nearly two-decade study period, as younger 
infants were increasingly treated in later years. Subgroup 
analysis across 5-year enrollment periods confirmed a trend 
toward earlier intervention in more recent years, consistent 
with global shifts in practice. The median weight (15 kg) also 
aligns with previous series, underscoring that coil closure 

can be safely performed in children across a broad weight 
range, provided the anatomy is suitable.

Morphology and Predictors of Outcome

As in prior reports, type A ducts were most common in 
our cohort (63.2%), followed by type E(21-29). Success rates 
were slightly higher in type A than in type E, although the 
differences were not statistically significant. This suggests 
that ductal morphology remains an important consideration 
when selecting patients for coil closure, with elongated ducts 
(type E) presenting greater technical challenges.

Comparison with Other Devices

While detachable coils remain a reliable option for small-to-
medium PDAs, newer occluder devices (e.g., Amplatzer duct 
occluder I and II) have gained favor for larger or more complex 
ducts(14,28-37). Comparative studies suggest that occluders 
offer higher success rates and fewer reinterventions in such 
cases, though at greater cost(30-32). Our study did not include 
direct comparisons with occluders, which is acknowledged 
as a limitation. Nevertheless, our long-term results confirm 
that coil closure remains an excellent therapeutic option in 
appropriately selected patients.

Contribution to the Literature

Recent publications (Ugan Atik and Saltık(17); Adams et al.( 21); 
Narayan et al.(37) have emphasized the safety of PDA closure 
with both coils and occluders, but follow-up durations rarely 
exceed 3-5 years. Our cohort, with a mean follow-up of over 
10 years, provides robust evidence that coil closure yields 
durable long-term outcomes without late complications. 
This finding strengthens the role of the Flipper Cook coil as 
a cost-effective and safe device for small-to-medium-sized 
PDAs, particularly in resource-limited settings.

Study Limitations 

This study has several limitations that should be 
acknowledged. First, its retrospective and single-center 
design inherently limits the generalizability of the findings. 
Although the sample size was large, the absence of 
randomization introduces potential selection bias. Second, 
while the long-term follow-up was a major strength, we 
did not directly compare the Flipper Cook coil with other 
closure devices, such as the Amplatzer occluder family. As 
newer devices were increasingly used for larger and more 
complex PDAs, the relative advantages and disadvantages of 
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coils versus occluders could not be assessed in this cohort. 
Third, our patient population was restricted to patients with 
anatomically suitable PDAs, which may have contributed to 
the high procedural success rate and low complication rate. 
Despite meticulous echocardiographic follow-up, subclinical 
complications such as minimal vascular obstruction may 
have been underdetected. Future multicenter prospective 
studies comparing devices are warranted to confirm and 
extend our results.

Conclusion 
Our long-term follow-up data demonstrate that transcatheter 
closure of small-to-medium-sized PDA with the Flipper 
detachable Cook coil is safe and effective, characterized by 
high procedural success and a very low complication rate. 
Complete occlusion was achieved in nearly all patients, and 
outcomes remained durable over more than a decade of 
follow-up. These findings support the continued use of this 
method as a reliable and cost-effective therapeutic option in 
appropriately selected patients.
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