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Abstract
Objective: This study aims to report the experience and outcomes in patients undergoing endovascular closure of small to 
medium-size PDA with a Nit-Occlud® device in a tertiary referral hospital in Colombia. Methods: Longitudinal descriptive 
study, which included all patients under 18 years of age who underwent percutaneous ductal closure with Nit-Occlud® device 
between January 1, 2011, and February 1, 2023. Patients with associated complex congenital heart disease requiring surgi-
cal management, pregnant patients, and patients with incomplete data regarding studied variables were excluded from the 
study. Results: Eighty-seven patients were documented, with a mean age, weight, and height at closure of 51 months, 14 kg, 
and 95.83 cm, respectively. About 70% of the patients (n = 61) were female, 76% were under 6-years-old and only one patient 
was over 15. The average size of the ductus at the pulmonary end was 2 mm. Four of the total number of patients did not 
achieve PDA closure during the procedure. Of the remaining 83, complete immediate closure was achieved in 81 patients. 
A device exchange for a larger device was required during the same procedure in one of the cases. Two patients presented 
residual shunt of 0.5 mm during follow-up, and one required a new procedure for device closure 10 months later. Only one 
device presented repeatedly embolization to the aorta, requiring surgical removal. As a technical difficulty, one device pre-
sented repeated passage into the aorta, so it was decided to remove it before releasing it to avoid complications, and given 
the complex anatomy of the ductus, surgical closure was indicated. Among the complications, one patient presented a he-
matoma of the subcutaneous tissue in the right thigh, which improved with medical management, and no deaths related to 
the procedure were registered. Conclusions: Using the Nit-Occlud® device to close small to moderate-sized ductus remains 
a safe and effective strategy with successful closure rates at 1-year follow-up irrespective of age, weight, height, or whether 
it involves a small or medium-sized duct. Despite our limitations, results concerning adverse effects are comparable to those 
observed in multicentric studies conducted in other regions.
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Introduction
Patent ductus arteriosus (PDA) is one of the most 

frequent congenital defects in the world, representing 
5-10% of all congenital heart defects1. Depending on 
the ductal diameter (DD), it may be considered small 
(DD ≤ 1.5 mm), moderate (DD > 1.5 and ≤ 2.5 mm), 
or large (DD > 2.5 mm)2. According to the symptoms, 
hemodynamic compromise, respiratory, and renal func-
tion, response to medical treatment, as well as DD, 
medical, or surgical management can be considered3. 
However, moderate and large PDAs benefit of prema-
ture closure to prevent progression to irreversible pul-
monary disease (Eisenmenger’s syndrome)2,4. In the 
case of silent ductus, the decision should always be 
individualized and taken together with the child’s family 
once the risks and benefits of both choices have been 
exposed. In addition, the cost-effectiveness of the pro-
cedure will play an important role in the choice5.

The first surgical closure of PDA was reported by 
Gross and Hubbard in 1938, and it was not until 1967 
that the first endovascular closure was performed by 
Porstmann et al.6,7. Since then, different devices have 
been proposed, such as the Rashkind device in the 
1980s, the Gianturco coils used by Cambier and Moore 
in the early 1990s, and the Amplatzer Duct Occluder in 
the late 1990s8-11. Around the same time, the 

Nit-Occlud® device was also beginning to be used in 
human trials, specifically for small to medium-sized 
canals12. The most notable work at that time was car-
ried out in 1997, in a multicenter study in Europe involv-
ing 514 patients, proving a success rate of about 97% 
depending on the type of PDA12. However, only in 2013 
was it approved for use by the Food and Drugs Admin-
istration (FDA) in North America11,13, where it is valid 
for PDAs smaller than 4 mm in patients over 6 kg and 
6 months of age13. It is important to note that a weight 
lower than the one previously mentioned has not been 
shown to be a contraindication for the procedure, nor 
has it been demonstrated to significantly increase the 
occurrence of adverse events14,15.

Endovascular closure of PDA, especially with the 
Nit-Occlud® device, has been and continues to be an 
option for PDA management13. This study aims to report 
the experience and outcomes in patients undergoing 
endovascular closure of PDA with the Nit-Occlud® device 
in a tertiary referral hospital in Colombia.

Methods

A longitudinal descriptive study was conducted, col-
lecting ambispective data from medical records from 
January 2011, up until February 2023, related to closure 

Resumen
Objetivo: Este estudio tiene como objetivo informar la experiencia y los resultados en pacientes sometidos a cierre endo-
vascular del CAP de tamaño pequeño a mediano con un dispositivo Nit-Occlud® en un hospital de tercer nivel de referencia 
en Colombia. Método: Estudio descriptivo longitudinal, que incluyó a todos los pacientes menores de 18 años a quienes se 
les realizó cierre ductal percutáneo con dispositivo Nit-Occlud® entre el 1 de enero de 2011 y el 1 de febrero de 2023. Se 
excluyeron: pacientes con cardiopatía congénita compleja asociada que requirieron manejo quirúrgico, pacientes embaraza-
das y pacientes con datos incompletos sobre las variables estudiadas. Resultados: Se documentaron 87 pacientes, con 
edad, peso y talla promedio al cierre de 51 meses, 14 kg y 95.83 cm, respectivamente. El 70% de los pacientes (n = 61) 
eran mujeres, el 76% tenían menos de seis años y solo un paciente tenía más de 15 años. El tamaño medio del conducto 
en el extremo pulmonar fue de 2 mm. Cuatro del total de pacientes no lograron el cierre del CAP durante el procedimiento. 
De los 83 restantes, se logró el cierre inmediato completo en 81 pacientes. En uno de los casos fue necesario cambiar el 
dispositivo por uno más grande durante el mismo procedimiento. Dos pacientes presentaron shunt residual de 0.5 mm durante 
el seguimiento y uno requirió un nuevo procedimiento para cierre del dispositivo diez meses después. Solo un dispositivo 
presentó embolización repetida en la aorta, requiriendo extracción quirúrgica. Como dificultad técnica, un dispositivo presentó 
paso repetido hacia la aorta, por lo que se decidió retirarlo antes de liberarlo para evitar complicaciones y dada la compleja 
anatomía del ductus se indicó cierre quirúrgico. Entre las complicaciones, un paciente presentó un hematoma del tejido 
subcutáneo en el muslo derecho, que mejoró con el manejo médico, y no se registraron muertes relacionadas con el pro-
cedimiento. Conclusiones: El uso del dispositivo Nit-Occlud® para cerrar conductos de tamaño pequeño a moderado sigue 
siendo una estrategia segura y eficaz con tasas de cierre exitoso al año de seguimiento, independientemente de la edad, el 
peso, la altura o si se trata de un conducto de tamaño pequeño o mediano. A pesar de nuestras limitaciones, los resultados 
sobre los efectos adversos son comparables a los observados en estudios multicéntricos realizados en otras regiones.
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of persistent ductus arteriosus. All patients under 
18 years of age who underwent percutaneous ductus 
closure with a Nit-Occlud® device at our institution were 
included. Exclusions were made for patients with asso-
ciated complex congenital heart disease requiring sur-
gical management, pregnant individuals, and patients 
with incomplete data regarding studied variables.

The variables considered in this analysis encompass 
various aspects, including demographic data such as 
age, weight, gender, and height, as well as specific 
procedural characteristics such as ductus length and 
diameter at the pulmonary end. In addition, aspects 
related to successful implantation, device changes, 
reasons for these changes, the occurrence of emboli-
zation, its location, hospitalization days, complete clo-
sure in follow-up, residual shunt at 6 and 12 months, 
mortality, immediate complications, and late complica-
tions are assessed.

The collected data were managed in a RedCap data-
base under the custody of the Clinical Research Center 
of the institution. The quality of the data was verified 
by comparing it with source documents, and a univar-
iate analysis was conducted to understand the distribu-
tion of numerical and qualitative variables. Normality 
was assessed using the Shapiro-Wilk test. Descriptive 
statistics and survival analysis using the Kaplan-Meier 
method were applied, with all these procedures con-
ducted using Stata 16.1®.

Approval was obtained from the Institutional Ethics 
Committee, and given the study’s observational nature; 
an informed consent waiver was requested.

Implantation procedure
All procedures were performed under general anes-

thesia with heparin at 100 IU/kg plus antibiotic prophy-
laxis. Femoral venous and arterial access was obtained 
with 4 or 5 French catheters according to patient size. 
Device size selection was made based on measuring 
the ductus in the lateral aortogram. Subsequently, a 
delivery heath was swapped over the wire from the 
venous side. The device was carefully threaded onto 
the delivery cable, placed in saline, and pulled into the 
loader, which was afterward attached to the delivery 
sheath once again and the device was gently moved 
through the delivery sheath until the disk became visi-
ble in the aorta. Once the system was partially config-
ured, it was retracted into the PDA. All devices were 
placed under fluoroscopy. The procedure was made 
primarily anterograde as first election, and retro-
grade intervention was made when canalization of PDA 

was not possible through the pulmonary artery. A 
post-implantation aortogram was performed to evaluate 
residual shunts and device position abnormalities, 
excluding obstruction in the left pulmonary artery or 
aorta. All patients were evaluated 24 h after the proce-
dure to rule out local complications in puncture sites 
and by echocardiography. Data collection included clin-
ical and echocardiographic follow-ups at 1 month, 
6 months, and 12 months.

A univariate analysis was performed to determine the 
behavior of the numerical variables; the normality of the 
variables was determined through a Shapiro-Wilk test, 
and those with a p > 0.05 were considered to have a 
normal distribution and are presented with averages 
and standard deviation, and those that were not normal 
are presented with median and interquartile ranges. 
Qualitative variables are summarized as percentages. 
Frequency tables were elaborated to organize and 
know the information stated in the objectives. Descrip-
tive statistics were applied. All analyses were con-
ducted using RStudio®.

Results

Eighty-seven patients were included, with mean age, 
weight, and height at the closure of 51 months (range 
3-188 months), 14 kg (range 7-72 kg), and 95.83 cm 
(range 65-135 cm), respectively (Table 1). Sixty-one 
(70%) female patients were included. The average duc-
tus size at the pulmonary end was 2 mm. The most 
frequently used device size was 4 × 4 mm, followed by 
11 × 6 mm (Table 2).

Four of the total number of patients did not achieve 
PDA closure during the procedure. Of the remaining 83, 

Table 1. Clinical characteristics of population

Variables n = 87 (%)

Gender
Female
Male

61 (70.11)
26 (29.89)

Age (months) at closure
0‑36 months
37‑72 months
73‑108 months
109‑144 months
145‑180 months
181 months

51 (3‑188)
50 (57.5)
16 (18.4)

8 (9.2)
5 (5.74)
7 (8.05)
1 (1.15)

Weight (kg) at closure 14.17 (7‑72)

Height (cm) at closure 95.8 (65‑135)



266

Arch Cardiol Mex. 2024;94(3)

complete immediate closure was achieved in 81 patients. 
A device exchange for a larger device was required 
during the same procedure in one of the cases (Table 2). 
Two patients presented residual shunt of 0.5 mm during 
follow-up, and one required a new procedure for device 
closure 10 months later.

Only one device presented embolization to the aorta, 
anchoring itself to the aortic wall and requiring surgical 
removal (Table 3). As a technical difficulty, we mention 
the case of a device that presented repeated passage 
into the aorta, for which it was decided to remove it 
before releasing it to avoid complications, and given the 
complex anatomy of the ductus, surgical closure was 
indicated.

There were no deaths related to the procedure. 
Among the complications, one patient presented a 
hematoma of the subcutaneous tissue in the right thigh, 
which improved with medical management. No arrhyth-
mias, pulseless or acute limb injury, or any other com-
plication aside from the mentioned were reported.

Discussion
The Nit-Occlud®, developed by PFM Medical in 

Cologne, Germany, is a coil-type device with a con-
trolled release mechanism designed for the closure of 
small to moderate-sized PDAs13 and although it has 
been approved in Europe since 2001 and by the FDA 
for 10 years, it is not frequently used in Latin America. 
This device has shown remarkable effectiveness and 
safety in the short-, medium-, and long-term closure of 
atrial and ventricular defects, with minimal to no com-
plications during or after the intervention16-20. Its appli-
cation in the closure of PDA yields similar results to 
those observed in other conditions.

For example, a multicenter study conducted in the 
United States in 2014 reported a composite success 
rate of 95.1%, with no recorded deaths or severe 
adverse effects, and an overall adverse event rate of 
4.7%11. Similarly, another multicenter study published 
in 2018 in the same country achieved a success rate 
of 94.4%, with 97.4% of enrolled patients demonstrating 
complete echocardiographic closure at 12 months, 
showing trivial to no residual shunt13. In this case, the 
total adverse event rate was 1%. Nevertheless, the size 
population must be considered when comparing this 
data. In contrast, a 268-patient cohort assessed in 
Ukraine reported a success rate of 98.5% at 6 months, 
all of whom underwent successful device implantation 
without complications during or after the procedure. 
Only one thromboembolic event occurred during the 

complete follow-up period21. On the other hand, studies 
conducted in Portugal have proven similar success 
rates as the previously mentioned with a 1.8% compli-
cation rate post-procedure reported22.

Table 2. Procedure characteristics

Variables n = 87 (%)

NIT Occluder: device size (mm)
4/4
4/5
5/6
6/7
6/9
6/11

31 (35.63)
11 (12.64)
11 (12.64)
10 (11.49)

5 (5.75)
19 (21.84)

PDA diameter at the pulmonary end (mm)
Small (DD ≤ 1.5 mm)
Moderate (DD > 1.5 and ≤ 2.5 mm)
Large (DD > 2.5 mm)

2 (1.5‑4)
28 (32.18)
41 (47.13)
18 (20.69)

Successful procedure
Yes
No

83 (95.40)
4 (4.60)

Device replacement
Yes
No

1 (1.15)
86 (98.85)

Device replacement cause
Very small device 1 (1.15)

Complete PDA closure
Yes
No

81 (93.10)
6 (6.90)

PDA: patent ductus arteriosus.

Table 3. List of complications presented

Variables n = 87 (%)

Device embolization
Yes
No

2 (2.3)
85 (97.70)

Embolization site
Aorta
Pulmonary artery

2 (2.3)
NA

Hospital stay (days) 1 (1‑2)

Residual shunt (mm) 0.5 (0‑1)

Mortality NA

Immediate complications
Displaced/misfitted
Vascular complications

1 (1.15)
1 (1.15)

Late complications
Residual PDA (by ultrasound) 2 (2.30)

PDA: patent ductus arteriosus.
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In Latin America, the closest study to ours was made 
in Argentina, evaluating a total of 43 patients treated 
with Nit-Occlud® between 2010 and 2011 from three 
different medical centers23. The device was success-
fully implanted in all patients, achieving full closure of 
the PDA in all the patients at 3 months. Only one case 
of embolization was registered, associated to undersiz-
ing, and was treated successfully with a larger device23. 
In our study, two devices caused embolization into the 
aorta. The first case required device replacement 
because it was too small for the patient. In the second 
case, repeated embolization occurred. Given the com-
plex anatomy of the ductus, surgical closure was 
recommended.

This study is one of the two major studies registered 
in Latin America that proves the effectiveness and 
safety of the Nit-Occlud®. In our center, the Nit-Occlud® 
device stands out as one of the most frequently utilized 
options for closing small to medium-sized ducts. We 
present a 12-year experience involving 87 patients of 
various ages. Approximately 76% of the total patient 
population was under 6-years-old, with nearly 60% fall-
ing below the age of three. The remaining 24% of the 
studied cohort comprised patients aged 6 years or 
older, with only one individual exceeding the age of 
fifteen. The average PDA size was 2 mm, about 47% 
had moderate size PDA, followed by small size with 
32.18% and large size with 20.69%. Only three patients 
had a PDA of 4 mm or more. Therefore, considering 
the immediate successful closure rate was 93%, with 
no major complications or related mortality recorded, it 
is possible to affirm that the device and the procedure 
are not only safe and highly effective but also secure, 
irrespective of age, weight, or height. We also found 
that the obtained results were independent of PDA size, 
proving equally useful in small, medium, and large-
sized PDAs.

Consistent with previous reports, we documented 
minimal minor vascular complications, aligning with 
findings in the global literature on the use of this device, 
no patient reported pulseless or acute limb injury, 
decrease of ejection fraction post-procedure, pericardial 
effusion or any other11,13,21,23. Two patients presented 
residual shunt of 0.5 mm during follow-up, and one 
required a new procedure for device closure 10 months 
later. No obstruction of neighboring structures, such as 
the aorta or left pulmonary artery, was found in any of 
our patients, and no death was registered.

During follow-up, complete closure was obtained in 
most patients, which is usual with the use of Nit-Occlud® 
since its compact Nitinol coil structure promotes such 

closure24. The incidence of a residual shunt in the 
immediate post-operative period is also reported with 
the use of other devices25, being more frequent the 
larger the diameter of the ductus. Post-procedure 
recovery was rapid in all our patients with a short hos-
pital stay, representing an advantage over surgical clo-
sure of the ductus.

A limitation on our study stems from its single-center 
and ambispective design, potentially leading to the 
underrepresentation of minor incidents and technical 
challenges during the procedures. Despite this, major 
complications were reported, and it stands as the larg-
est case series involving this device in Latin America. 
Likewise, the absence of data on ductus morphology 
based on Krichenko’s classification in the clinical 
records is another potential limitation. Such data could 
have offered insights into the device’s suitability for 
closure in different anatomies. Nevertheless, these lim-
itations do not compromise the overall conclusion that 
Nit-Occlud® proves effective and safe, with only a few 
major adverse effects.

Conclusion
Using the Nit-Occlud® device to close small to mod-

erate-sized ductus remains a safe and effective strat-
egy with successful closure rates at 1-year follow-up 
irrespective of age, weight, height, or whether it involves 
a small or medium-sized duct. Despite our limitations, 
results concerning adverse effects are comparable to 
those observed in multicentric studies conducted in 
other regions.
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