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ABSTRACT 

Background: Patent ductus arteriosus (PDA) is a congenital heart abnormality 
constituting nearly 10% of all congenital heart disease, and it is the third most 
common congenital heart defect. Transcatheter closure of patent ductus arteriosus now 
represents the established, standard approach for the correction of a PDA throughout 
the entire world. This study was a prospective observational study. The aim of this 
study was to compare the feasibility, short-term clinical outcomes, and safety of 
transcatheter closure of moderate to large patent ductus arteriosus in small infants 
versus surgical ligation and to follow the sequences after both methods of ductal 
closure by transthoracic echocardiography. 

Methods: All patients were subjected to full clinical examination, chest X-ray, 
electrocardiography, echocardiography, and laboratory evaluation before they were 
transferred to the catheterization laboratory for undergoing an attempt of PDA closure 
or surgical duct ligation. Within 24 hours after successful PDA closure, all patient 
underwent echocardiographic examination to evaluate for presence of residual shunt 
and protrusion of devices into surrounding structures. Follow up visits have been 
scheduled at 1 and 6 months after the procedures for clinical and echocardiographic 
evaluation. 

Results: This study was conducted on 40 patients, 20 cases in catheter group and 20 
cases in surgery group: 12 (30%) were males and 28 (70%) were females. The mean 
age was 6.5 ± 1.9 months in catheter group and 4.7 ± 1.8 months in Surgery group, 
while mean weight was 5.6 ± 0.5 Kg and 4.6 ± 0.8 Kg in Catheter and Surgery groups 
respectively. All patients had successful transcatheter and surgical PDA closure with 
no mortality in both study groups. 

     PDA closure was done using ADO- I in 45% of cases (n=9/20). The sizes of the 
device were; ADO- I size 8/6 in 35% (n=7/20) represented the majority of patients, 
followed by ADO- I size 6/4 in 10% (n=2/20). Double PDA ligation and trans-fixation 
was the most common technique used in surgery group (95%). Our intervention was 
without Procedure-related complications in 80% of cases of catheter group and 85% 
of surgery cases. Time to discharge from hospital was shorter in catheter group with 
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median time to hospital discharge 1 day versus 4 days in surgery group. Both methods 
of PDA closure showed similar results as regard residual shunts and regression of left 
side dilatation. 

Conclusion: Transcatheter closure of moderate to large PDA in infants ≤6 kg using 
recent devices is a feasible and effective modality of treatment with excellent results, 
and thus it should be the treatment of choice in infants and children. 

Key words: Amplatzer Duct Occluder, Congenital heart disease, Patent ductus 
arteriosus, Transcatheter closure, surgical ligation. 

 
INTRODUCTION 

Isolated patent ductus arteriosus 
(PDA) accounts for about 10% of 
all congenital heart anomalies[1]. 
Its incidence is higher in 
premature babies and twice more 
frequent in females than in 
males[2]. In infancy, failure to 
thrive and congestive heart failure 
are indications for closure of the 
PDA. If medical therapy is 
ineffective, urgent intervention to 
close the ductus should be 
undertaken regardless of age and 
size[3]. Treatment of PDA has 
traditionally been surgical, with 
ligation or division of the ductus 
arteriosus through a thoracotomy 
incision or through video assisted 
thoracoscopic clipping which is 
less invasive than standard 
thoracotomy[4]. However, in recent 
years, new devices have come 
onto the market, percutaneous 
techniques have improved and 
interventionists have become more 
experienced, which have all led to 
percutaneous PDA closure gets 
more common in infants[5]. 

Transcatheter PDA closure is the 
standard of care in most cases and 
PDA closure is indicated in any 
patient with signs of left 
ventricular volume overload due 
to a ductus[6]. Numerous studies 
have documented the feasibility of 
catheter-based closure of PDA in 
older children and adults; 
however, there is a paucity of data 
regarding the outcomes of 
percutaneous closure of PDA in 
small infants in comparison with 
surgical ligation. Therefore, the 
selection of treatment modality for 
patients with PDA who could 
undergo either technique remains 
controversial[7]. 
Ethical considerations: 
1. Approval of Ethical committee 

from pediatrics department, 
faculty of medicine and 
university was obtained before 
the study. 

2. Written consent from parents or 
caregiver of the patient was 
obtained before the study. 
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3. The parents had the right to 
refuse to share in the study. 

4. All the data of the study are 
confidential and the patients 
had the right to keep them. 

5. The authors received no 
financial support regarding the 
study or publication. 

6. The authors claimed that, no 
conflict of interest regarding the 
study or publication. 
PATIENTS AND METHODS 

Population: The current study 
was a prospective and 
observational study with short 
term follow up for six months. It 
included 40 infants with moderate 
to large PDA attended the out-
patient pediatric cardiology clinics 
at Al Azhar university hospitals & 
Abo El-Resh university hospitals 
Cairo, Egypt, 20 patients 
underwent transcatheter PDA 
occlusion, at the cardiac 
catheterization laboratory of 
Specialized Children hospital, 
faculty of medicine, Cairo 
University (group I). The other 20 
patients underwent surgical 
ligation at Bahtim Insurance 
Hospital (group II), The study 
started in August 2018 and ended 
in December 2020. 
     We included in our study 
Infants less than 12 months of age 
with body weight less than or 
equal 6 kilograms at time of 

intervention who had 
echocardiographic findings of 
moderate to large 
hemodynamically significant 
PDA. 
     We excluded infants with body 
weight more than 6 kg and age 
more than 12 months, irreversible 
pulmonary vascular disease with 
Rt. to Lt. shunt, tiny PDA 
(pulmonary end < 1.5mm), and 
infants with PDA as a part of 
Complex congenital heart disease 
requiring surgery or PDA 
dependent lesions. 
Methodology: The patients of 
both groups were subjected to: 
1. Thorough history taking, 
2. Complete clinical examination,  
3. Plain Chest X-ray, 
4. Two-dimensional and Doppler 

Echocardiography. 
Postprocedural outcomes of 
interest included: vascular 
complications of catheter or 
surgery (thrombosis, arterial or 
venous occlusion, access site 
hematoma, loss of peripheral 
pulsations), residual shunt, device 
embolization, hemolysis, 
obstruction of the left pulmonary 
artery or Aorta, blood transfusion 
within first 48 h. and length of 
hospital stay. 
Follow up: Transthoracic echo 
(TTE) was conducted at 24 hours 
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after successful PDA closure to 
evaluate the shape and position of 
the device. Color- Doppler 
ultrasound was used to detect and 
quantify any residual shunt. 
The following were arbitrarily 
defined: The severity of leakage 
as assessed by color- Doppler was 
defined as follows: trivial, <1 mm 
diameter; mild, 1-2 mm diameter; 
moderate, >2mm. Doppler 
ultrasound were used to determine 
flow and velocity patterns in the 
descending aorta and pulmonary 
artery to rule out obstruction 
(maximum Doppler velocity <2-
2.5 m/s)[8]. 

     Follow-up with detailed TTE 
was conducted at 1 month, and 6 
months after surgical or device 
closure using reference values for 
M mode echocardiography 
according to Park, MK[9]. 
Statistics: 
     All analyses were performed 
using SPSS version 23 for 
Windows. Measured data were 
expressed as mean ± standard 
deviation or median. Procedural 
outcomes for each age group were 
compared using a chi-square test 
or Fisher exact test. A P value of 
<0.05 is defined as statistically 
significant. 

RESULTS 
     A total of 40 infants, 20 
infants underwent percutaneous 
transcatheter PDA closure at the 
catheterization laboratory in 
Specialized Children’s hospital; 

Cairo University, (Group I) and 
the other 20 infants underwent 
surgical PDA ligation at Bahtim 
insurance hospital (Group II). 

Table (1): Demographic characteristics of both study groups 

Variable 
Catheter 

group 
(n=20) 

Surgery 
group 
(n=20) 

Mean 
Difference 

95% CI P-
value† Lower Upper 

 Mean ±SD Mean ±SD     
Age (months) 6.5 ± 1.9 4.7 ± 1.8 1.8 0.6 3.0 0.005 

Sex (F/M) 
ratio 15/5 13/7    0.731‡ 

Weight (kg) 5.6 ± 0.5 4.6 ± 0.8 1.0 0.6 1.4 <0.001 
Length (cm) 62.6 ± 4.2 57.0 ± 2.8 5.6 3.3 7.8 <0.001 

BSA (m2) 0.30 ± 0.02 0.27 ± 0.03 0.04 0.02 0.05 <0.001 
Parent 

consanguinity 4 (20%) 4 (20%) - - - 1.000‡ 

Down's 
syndrome 1 (5.0%) 3 (15.0%) - - - 0.605‡ 

BSA; body surface area, †. Unpaired t-test unless otherwise indicated, ‡. Fisher’s exact test. CI; 
confidence interval, Data are mean ± SD or ratio. 
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     This table shows that, there 
are significant differences 
between the two studied groups 

regarding age, weight, length and 
body surface area (BSA). 

 
Table (2): Primary presenting symptoms and clinical signs in both 

study groups 

 Catheter 
group (n=20) 

Surgery 
group (n=20)  

Variable N % N % P-value† 
Primary presenting 

Symptoms     0.810 

Feeding difficulty 9 45.0% 6 30.0%  
FTT 3 15.0% 3 15.0%  

Difficult breathing 7 35.0% 9 45.0%  
Recurrent chest 

infections 1 5.0% 2 10.0%  

Clinical signs and 
Antifailure treatment      

Bounding pulse 20 100.0% 20 100.0% NA 
Hypoperfusion 0 0.0% 2 10.0% 0.487 
Hepatomegaly 2 10.0% 6 30.0% 0.235 

Antifailure treatment 20 100.0% 15 75.0% 0.047 
FTT; failure to thrive, 
†. Fisher’s exact test. 
 
     Regarding clinical 
manifestations, there is no 
significant difference between 
catheter and surgery groups, 

while patients on Anti failure 
treatment were less in surgery 
group with significant difference 
between both groups. 
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Table (3): Echocardiographic measurements in both study groups 
pre-intervention 

 
Catheter 

group 
(n=20) 

Surgery 
group 
(n=20) 

 95% CI   

Variable Mean±SD Mean±SD Mean 
Difference Lower Upper P-

value† 
PDA size (mm) 3.8 ±  1.0 4.9 ± 0.9 -1.1 -1.7 -0.5 0.001 

PG (mmHg) 63 ± 18 48 ± 21 15.7 3.2 28.1 0.015 
LA/Ao ratio 1.55 ± 0.25 1.67 ± 0.13 -0.12 -0.25 0.01 0.061 

LVEDD (mm) 30.1 ± 3.5 29.7 ± 2.2 0.4 -1.5 2.3 0.667 
LVEDD Z-

score 3.47 ± 1.86 4.91 ± 1.15 -1.44 -2.44 -0.44 0.006 

FS (%) 39 ± 4 40 ± 4 -1.1 -3.7 1.6 0.420 
ESPAP 
(mmHg) 31 ± 9 48 ± 12 -17.1 -23.8 -10.4 <0.001 

PA annulus 
(mm) 12.5 ± 1.3 12.2 ± 0.6 0.4 -0.3 1.0 0.241 

LPA velocity 
(m/s) 1.09 ± 0.14 1.16 ± 0.11 -0.07 -0.15 0.01 0.080 

Velocity in 
descending 
aorta (m/s) 

1.04 ± 0.49 1.15 ± 0.16 -0.11 -0.35 0.12 0.338 

PDA; patent ductus arteriosus, PG; pressure gradient, LA; left atrium, Ao; Aorta, LVEDD; left 
ventricular end diastolic diameter, FS; fractional shortening, ESPAP; estimated systolic 
pulmonary artery pressure, PA; pulmonary artery, LPA; left pulmonary artery 
†. Unpaired t-test 
 
     This table shows that, there is 
significant increase in PDA size, 
LVEDD Z-score and ESPAP in 
surgery group than catheter 

group, while PG was 
significantly lower in surgery 
group than catheter group. 
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Figure (1): Agreement between catheterization and 

echocardiography as regards measurement of PA end size 
     This figure shows that, the 
lower limit of agreement 
between catheterization and 
echocardiography as regards 

measurement of PA end size = -
0.60 mm, upper limit of 
agreement = 1.84 mm and mean 
difference (Bias) = 0.62 mm. 

 
Table (4): Types of PDA (Krichenko classification) in both study 

groups 

  Catheter group 
(n=20) 

Surgery 
group 
(n=20) 

 

Variable  N % N % P-value† 
Duct type Type A (Conical) 17 85.0% 18 90.0% 0.605 

 Type C (Tubular) 1 5.0% 2 10.0%  

 Type E (Elongated 
Conical) 2 10.0% 0 0.0%  

 
     This table shows that; the 
Conical type was the most 

common morphology among 
both study groups (85%). 
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Table (5): Technical difficulties and complications in catheter group 

Variable  N % 

Technical 
difficulties 

Nil 17 85.0% 
Difficult arterial access 1 5.0% 

Bradycardia after device deployment 1 5.0% 
Difficult advancement of catheter 

(small diameter of abdominal aorta) 1 5.0% 

Procedure-related 
Complications 

Nil 16 80.0% 
Temporary loss of femoral pulsation 

(Minor) 1 5.0% 

Access site hematoma (Minor) 2 10.0% 
Dissection of abdominal aorta (Major) 1 5.0% 

 
     This table shows that; our 
intervention was without 
technical difficulties in 85% of 

cases and with no complications 
in 80% of cases in catheter 
group. 

 
Table (6): Procedure time and Hospital stay duration in both study 

groups 

 
Catheter 

group 
(n=20) 

Surgery 
group 
(n=20) 

 95% CI  

Variable Mean±SD Mean±SD Mean 
Difference Lower Upper P-

value† 
Procedure 
time (min) 79.9 ± 23.2 55.3 ± 7.4 24.6 13.3 35.9 <0.001 

Hospital 
stay (days) 1.6 ± 0.9 4.5 ± 0.6 -2.9 -3.4 -2.4 <0.001 

†. Unpaired t-test. 
 
     As regard the Procedure time, 
it was longer in catheter group 
than in surgery group, with 
significant difference, while the 

hospital stay was shorter in 
catheter group than in surgical 
group with statistical significant 
difference between both groups. 
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Table (7): Early postoperative outcomes in both study groups 

 
Catheter 

group 
(n=20) 

Surgery 
group 
(n=20) 

 

Variable n % n % P-value† 
Immediate occlusion 19 95% 19 95% 1.000 

Residual shunt at end of 
procedure 1 5.0% 1 5.0% 1.000 

Need for blood transfusion 0 0.0% 3 15.0% 0.231 
†. Fisher’s exact test. 
 
     This table shows that; 
Immediate occlusion was 
achieved in 95% of cases in both 
study groups and the need for 

blood transfusion was 15% in 
surgery group cases with no 
significant difference between 
both groups. 

 
Table (8): Echocardiographic abnormalities at 1 month post 

intervention in both study groups 

 Catheterization 
(n=20) 

Surgery 
(n=20)  

Variable N % N % P-value† 
Residual shunt 0 0.0% 1 5.0% 1.000 

Turbulent flow in LPA 0 0.0% 0 0.0% NA 
Turbulent flow in aorta 0 0.0% 0 0.0% NA 

LPA stenosis 0 0.0% 0 0.0% NA 
Ao stenosis 0 0.0% 0 0.0% NA 

†. Fisher’s exact test. 
NA = test not applicable. 
 
     This table shows that; 
persistence of residual shunt in 

one case in surgery group at 1-
month follow up. 

 
DISCUSSION 

     Patent ductus arteriosus (PDA) 
is considered a significant 
precursor to short- and longer-
term morbidity[10]. In view of the 
increasing number of catheter 
based closures among infants[11]. 

A total of 40 infants, 20 infants 
underwent percutaneous 
transcatheter PDA closure at the 
catheterization laboratory in 
Specialized Children’s hospital; 
Cairo University, (Group I) and 
the other 20 infants underwent 
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surgical PDA ligation at Bahtim 
insurance hospital (Group II). 
     The infants in the surgical 
ligation group had lower weight, 
BSA and age than those in the 
percutaneous group (P <0.05) as 
they were relatively younger in 
age so that their weight was lower. 
The mean age was 6.5 ± 1.9 
months in catheter group and 4.7 ± 
1.8 months in Surgery group, 
while mean weight was 5.6 ± 0.5 
Kg and 4.6 ± 0.8 Kg in Catheter 
and Surgery groups respectively 
(Table 1). In our contemporary 
experience, surgical ligation was 
performed on smaller and sicker 
infants. These infants were 
younger at the time of the 
procedure which was similar to 
the results of the study done by 
Kim, H. S., et al.,[12]. 
     The study included 28 females 
(70%) and 12 males (30%) with 
female to male ratio was 3:1 in 
catheter group and about 2:1 in 
surgery group. The female-to-male 
ratio is ≈2:1 in most reports[13]. 
     The Primary presenting 
symptom in catheter group was 
the feeding difficulty (45%) while 
in surgical group was difficult 
breathing (45%), while bounding 
pulse was the main clinical sign 
(100%) in each group, with no 
statistical significant difference. 
As regard the Antifailure measures 

pre-intervention of the studied 
cases, the surgical group had 
significantly less percent of cases 
(n=15/20) 75% vs. (n=20/20) 
100% in catheter group. In most 
cases, anti-failure drugs had been 
stopped one month after 
successful PDA closure (Table 2). 
     As regard the estimated 
systolic pulmonary artery pressure 
(ESPAP), no cases of severe 
pulmonary hypertension, 25% of 
cases with mild to moderate 
pulmonary arterial hypertension in 
catheter group vs. 65% of cases in 
surgery group. The cut-off value 
for mild pulmonary artery 
hypertension has been assumed as 
PA systolic pressure of 36 to 40 
mmHg by Doppler method [14]. 
     PDA size by echocardiography 
was significantly larger in surgery 
group, the mean ductal size was 
3.8 ± 1.0 mm for catheter group 
and 4.9 ± 0.9 mm for surgical 
group (P ≤o.oo1), while PG was 
significantly higher in catheter 
group, denoting that larger PDA 
size usually associated with higher 
systolic PA pressure, as in the 
surgical group with larger PDA 
diameter, the ESPAP was 
significantly higher, p- value 
<0.001 which can be explained by 
the larger size of PDA. This was 
in agreement with Lloyd TR. et 
al.,[15]. 
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     On reviewing the TTE data of 
all cases, there was evidence of 
left atria, and left ventricular 
dilatation. Increased LA/AO ratio 
was evident in 80% of patients (n= 
32/40) with a mean of 1.55±0.25 
in catheter group and 1.67±0.13 in 
surgery group with no significant 
statistical difference. Mean 
LVEDD was 30.1 ± 3.5 mm and 
29.7 ± 2.2 mm for catheter and 
surgery groups, respectively 
(Table 3). 
     In our study, the minimum and 
maximum diameters of the arterial 
duct, measured angiographically, 
were 3.20 ±0.92 mm and 8.56 ± 
2.09 mm respectively for catheter 
group. The morphologies of the 
PDA were classified 
angiographically based on the 
categories first described by 
Krichenko et al.,[16]. Type A 
(conical) ductus in 85% of cases 
(n= 17/20). Type C (tubular) 
ductus in 5% of cases (n= 1/20). 
Type E (elongated conical) ductus 
in 10% of cases (n=2/20) (Table 
4). Masura et al.,[8], and Lin et 
al.,[17] reported similar findings: 
type A in 53/66 patients (80%), 
followed by type E in 9/66 
patients (13.6%). Roushdy et 
al.,[18] reported that 24/42 patients 
(57%) had type A, followed by 
type E in 13/42 patients (30%). On 
the other hand, Ammar and 
Hegazy[19], reported a higher 
percentages of type A in 44/47 

patients (94%). Device 
implantation was successful in all 
20 patients (100%) in our study. 
     In the present study, successful 
percutaneous vascular access 
using femoral vessels was 
obtained in all catheter group 
patients. ADO I was deployed in 
9/20 patients (45%) representing 
the majority of patients. ADO II 
size 5/4 mm was used in 1 case 
(5%). Hyperion PDAO cone shape 
was deployed in 5 cases (25%). 
All devices achieved excellent 
occlusion rates with low 
complication rates, regardless of 
PDA type. 
     Despite the advancement in 
transcatheter PDA closure, there 
are many problems during 
performance of the procedure in 
infants under 6 kg: relatively large 
sheath size for small vessels, 
stiffness of the delivery system 
with resultant hemodynamic 
instability during device 
deployment, risk of protrusion of 
the device into the aorta or 
pulmonary artery, poor anchoring 
or stability within the PDA, and 
difficult retrievability as well as 
the size and morphology of the 
PDA itself[20]. 
     In the current study, all patients 
were below one year of age 
(mean=6.5±1.9 months) and mean 
weight 5.6±0.5 Kg, we reported no 
technical problems during device 
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deployment in majority of cases 
(85%), while we had technical 
difficulties in 3 cases (15%) in the 
form of difficult arterial access in 
one case (5%), bradycardia after 
device deployment in one case 
(5%) and difficult catheter 
advancement in abdominal aorta 
in one case (5%) aged 5 months 
with body weight of 6 Kg due to 
small diameter of abdominal aorta 
(=5 mm) and with follow-up, it 
resolved spontaneously with no 
need for further intervention 
(Table 5). 
     Minor complications occurred 
in 3/20 patients (15%) in catheter 
group, in the form of peripheral 
vascular complications such as 
loin hematoma (10%) and 
temporary loss of femoral 
pulsations (5%) necessitating 
anticoagulation with heparin 
which were managed successfully 
and resolved after 5 days of 
treatment with no long-term 
sequelae. 
     In surgery group, no major 
complications occurred in our 
study, minor complications 
occurred in 3/20 patients (15%) in 
the form of need for blood 
transfusion which were managed 
successfully. 
     In the current study, Catheter 
group procedure time ranged from 
50 minutes to 125 minutes (mean 

=79.9 ± 32.2 min). The 
fluoroscopy time ranged from 3.03 
minutes to 18.5 minutes (mean 
=10.68± 5.26 min). Lin et al.,[17] 
reported that the mean procedure 
time in a similar study was 98 ±19 
minutes and the mean fluoroscopy 
time and 8.9 ± 1.8 minutes. While, 
Parra-Bravo et al.,[21] reported 
that the procedure time ranged 
between 40-134 min (mean= 66.2 
± 24 min) and fluoroscopy time 
ranged between 4- 32 minutes 
(mean= 13.3 ± 6.6 min). 
     The mean procedure time was 
longer in catheter group, 79.9 ± 
23.2 minutes while it was 55.3 ± 
7.4 minutes in surgery groups, 
with significant difference 
between them (Table 6). our 
results were in agreement to Kim, 
H. S., et al.,[12] who reported that, 
the median PDA device closure 
time (41.5 min) was longer than 
the surgical ligation time (35.0 
min, P < 0.01). In keeping with 
our findings no cases of device 
protrusion or embolization, 
Baspinar et al., and Agnoletti et 
al., also reported the same 
results[22, 23]. 
     In catheter group, immediate 
occlusion, confirmed by 
angiography, was achieved in 
19/20 patients (95%); 1/20 
patients (5%) showed trivial 
postprocedural leak that 
disappeared at 1-month follow-up, 
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while in surgery group there was a 
residual shunt in one case (5%) 
1.5mm at day 1 postoperative 
decreased to 1mm at 1 month 
follow-up and complete occlusion 
at 6 months follow-up (Tables 
7&8), single ligation technique 
was used in this case. 
     An occlusion rate of 96% was 
obtained at 3-month follow-up 
after transcatheter device PDA 
closure in many studies[24]. Our 
overall residual shunt rates of 
5.0% on post procedure 
angiogram, 5.0% at 24 hrs., and 
0.0% at 6- month follow-up in 
catheterization group (Tables 
7&8), are similar to those found in 
other large patient series[8, 25, 26]. 
Moreover, we found that 
regardless of PDA type, all 
devices achieved high occlusion 
rates at 6-month follow-up 100%. 
     In surgery group, no major 
complications occurred in our 
study, minor complications 
occurred in 3/20 patients (15%) in 
the form of need for blood 
transfusion (Table 7) which were 
managed successfully, our results 
are similar to a study by 
Zulqarnain, A., et al.,[27] who 
reported higher rate of blood 
transfusion in surgery group. 
     Follow up period was extended 
to 6 months for comparison of 
echocardiographic data and 
cardiac dimensions between both 

groups that was recorded before 
the procedure, at one month, and 
at six months after PDA occlusion, 
and to detect any complication of 
the procedure. 
     Follow-up studies following 
ADO deployment have confirmed 
occlusion rates of >99% within 6 
months of device deployment, 
with minimal complication rates[28, 

29]. The majority of occlusions can 
be confirmed within 24 hours, 
prior to discharge from hospital. 
     In our study, at 1- and 6-month 
follow-up after closure in both 
groups, weight gain, control of 
respiratory infections, and 
regression of LV dilatation with 
normalization of the systolic 
function were observed. 
     The mean estimated systolic 
pulmonary artery pressure 
measured preintervension dropped 
from 31.9±9 to 28±7 mmHg at 
one month, and further drop to 
24±5 mmHg at 6 months after 
ductal closure. In the current 
study, in all cases pulmonary 
artery pressure dropped to normal 
value six month after PDA 
closure, with similar drop in 
surgery group but with significant 
difference between both groups 
(P<0.05) due to higher ESPAP 
values in the surgery group pre-
intervention. 
     The mean left ventricular end 
diastolic diameter (LVEDD) 
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decreased from 30.1±3.5 pre-
intervention, to 26±2 at one month 
and to 25±2 at 6- month follow up. 
This is similar to the findings of 
another studies by Galal MO, et 
al., and Ahmed R. Afifi et al.,[30, 

31]. 
     In our experience, 
percutaneous PDA closure in 
infants weighing ≤6 kg was found 
to be as effective as surgical 
ligation. 

CONCLUSION 

     Transcatheter closure of PDA 
is a successful and effective 
treatment option for a majority of 
early infants with significant 
clinical symptoms with a safety 
profile comparable to surgical 
ligation. 

Recommendations 

1. Transcatheter closure of 
moderate to large PDA should 
be the treatment of choice in 
small infants. 

2. Research should continue for 
better PDA occlusion devices 
for smaller infants with 
hemodynamically significant 
PDAs. 

REFERENCES 

1. Sultan, M., Ullah, M., Sadiq, N., 
Akhtar, K., & Akbar, H. (2014): 
Transcatheter device closure of patent 
ductus arteriosus. J Coll Physicians 

Surg Pak, 24(10), 710-3. 

2. Valentik P, Omeje I, Poruban R, et 
al. (2007): Surgical closure of patent 
ductus arteriosus in pre-term babies. 
Images in Paediatric Cardiology. 
;9(2):27-36. 

3. Allen, H. D., Driscoll, D. J., 
Shaddy, R. E., & Feltes, T. F. 
(2013): Patent ductus arteriosus and 
aortopulmonary window, in Moss & 
Adams' heart disease in infants, 
children, and adolescents: including 
the fetus and young adult. New York: 
Lippincott Williams & Wilkins. 

4. Chen, Z. Y., Wu, L. M., Luo, Y. K., 
et al. (2009): Comparison of long-
term clinical outcome between 
transcatheter Amplatzer occlusion 
and surgical closure of isolated patent 
ductus arteriosus. Chinese medical 
journal, 122(10), 1123-1127. 

5. Pamukcu, O., Tuncay, A., Narin, 
N., et al. (2018): Patent ductus 
arteriosus closure in preterms less 
than 2 kg: surgery versus 
transcatheter. International journal of 
cardiology, 250, 110-115. 

6. Garcı´a E, Granados MA, 
Fittipaldi M, Comas JV. (2014): 
Ch. 81 Persistent Arterial Duct. In: 
Da Cruz EM, Ivy D, Jaggers J, 
editors. Pediatric and congenital 
cardiology, cardiac surgery and 
intensive care. Springer London; 
2014. 

7. Chen, Z., Chen, L., & Wu, L. 
(2009): Transcatheter amplatzer 
occlusion and surgical closure of 
patent ductus arteriosus: comparison 
of effectiveness and costs in a low-
income country. Pediatric cardiology, 
30(6), 781-785. 



PATENT DUCTUS ARTERIOSUS DEVICE CLOSURE VERSUS SURGICAL LIGATION IN INFANTS  Islam M. S. Hemeda, Amal M. El-Sisi, Mohamed E. Sharaa, Ibrahim M. Abu Farag 

 1959 

8. Masura J, Titte Pl, Gavora P et al. 
(2006): Long-term outcome of 
transcatheter patent ductus arteriosus 
closure using Amplatzer duct 
occluders. Am Heart J. 151:755.e7–
755.e10. 

9. Park, M. K. (2020): Normal 
Echocardiographic Values. In m. k. 
park, park's pediatric cardiology for 
practitioners 7th edition (pp. 601-
608). Philadelphia: Elsevier. 

10. Sellmer A, Bjerre JV, Schmidt MR, 
et al. (2013): Morbidity and mortality 
in preterm neonates with patent 
ductus arteriosus on day 3. Arch Dis 
Child Fetal Neonatal Ed. 98:F505–
10. doi:10.1136/archdischild-2013-
303816. 

11. Abu Hazeem AA, Gillespie MJ, 
Thun H, et al. (2013): Percutaneous 
closure of patent ductus arteriosus in 
small infants with significant lung 
disease may offer faster recovery of 
respiratory function when compared 
to surgical ligation. Catheter 
Cardiovasc Interv. 82(4):pp.526–533. 

12. Kim, H. S., Schechter, M. A., 
Manning, P. B., et al. (2019): 
Surgical versus percutaneous closure 
of PDA in preterm infants: procedural 
charges and outcomes. Journal of 
Surgical Research, 243, 41-46. 

13. Lloyd T.R., Beekman R.H. (1994): 
3rd Clinically silent patent ductus 
arteriosus. Am Heart J. 127(6):1664–
1665. 

14. Park, M. K. (2020): Pulmonary 
Hypertension. In m. k. park, park's 
pediatric cardiology for practitioners 
7th edition (pp. 483-494). 
Philadelphia: Elsevier. 

15. Lloyd, T. R., Fedderly, R., 
Mendelsohn, et al. (1993): 

Transcatheter occlusion of patent 
ductus arteriosus with Gianturco 
coils. Circulation, 88(4), 1412-1420. 

16. Krichenko A, Benson LN, Burrows 
P, et al. (1989): Angiographic 
classification of the isolated, 
persistently patent ductus arteriosus 
and implications for percutaneous 
catheter occlusion. Am J Cardiol, 63: 
877–879. 

17. Lin MC, Fu YC, Jan SL, et al. 
(2007): Trans-catheter closure of 
large patent ductus arteriosus using 
the Amplatzer ductal occluder. Acta 
Cardiologica Sinica. 23(2), 103-108. 

18. Roushdy A, El Fiky A, Ezz el Din 
D. (2012): Visualization of patent 
ductus arteriosus using real-time 
three-dimensional echocardiogram: 
comparative study with 2D 
echocardiogram and angiography. J 
Saudi Heart Assoc., 24(3):177–86. 

19. Ammar RI, Hegazy RA. (2012): 
Percutaneous closure of medium and 
large PDAs using amplatzer duct 
occluder (ADO) I and II in infants: 
safety and efficacy. Journal of 
Invasive Cardiology. 24(11):pp.579-
582. 

20. Ali, S., & El Sisi, A. (2016): 
Transcatheter closure of patent ductus 
arteriosus in children weighing 10 kg 
or less: Initial experience at Sohag 
University Hospital. Journal of the 
Saudi Heart Association, 28(2), 95-
100. 

21. Parra-Bravo R, Cruz-Ramírez A, 
Rebolledo-Pineda V, et al (2009): 
Transcatheter Closure of Patent 
Ductus Arteriosus Using the 
Amplatzer Duct Occluder in Infants 
Under 1 Year of Age. Rev Esp 
Cardiol; 62(8):867-74. 



Al-Azhar Journal of Ped.               Vol. 24                  Issue 2           April. 2021 

 

 1960 

22. Baspinar O, Sahin DA, Sulu A, et 
al. (2015): Transcatheter closure of 
patent ductus arteriosus in under 6 kg 
and premature infants. J Interv 
Cardiol. 28:pp.180-9. 

23. Agnoletti G, Marini D, Villar AM, 
et al. (2012): Closure of the patent 
ductus arteriosus with the new duct 
occluder II additional sizes device. 
Cathet Cardiovasc Intervent. 
79:pp.1169–1174. 

24. Boehm, W., Emmel, M., & 
Sreeram, N. (2007): The Amplatzer 
duct occluder for PDA closure: 
indications, technique of implantation 
and clinical outcome. Images in 
paediatric cardiology, 9(2), 16–26. 

25. Brunetti MA, Ringel R, Owada C, 
et al. (2010): Percutaneous closure of 
patent ductus arteriosus: A 
multiinstitutional registry comparing 
multiple devices. Catheteriz 
Cardiovasc Interv. 76:696–702. 

26. Venczelova Z, Tittel P, Masura J. 
(2011): The new Amplatzer duct 
occlude II: When is its use 
advantageous? Cardiol Young 
21:pp.495–504. 

27. Zulqarnain A, Younas M, Waqar 

T, et al. (2016): Comparison of 
effectiveness and cost of patent 
ductus arteriosus device occlusion 
versus surgical ligation of patent 
ductus arteriosus. Pak J Med 
Sci.;32:974e977. 

28. Bilkis AA, Alwi M, Hasri S, et al. 
(2001): The Amplatzer duct occluder: 
Experience in 209 patients. J Am Coll 
Cardiol. 37:258–261.  

29. Butera G, De Rosa G, Chessa M, et 
al. (2004): Transcatheter closure of 
persistent ductus arteriosus with the 
Amplatzer duct occluder in very 
young symptomatic children. Heart. 
90:1467–1470.  

30. Galal, M. O., Amin, M., Hussein, 
A., et al. (2005): Left ventricular 
dysfunction after closure of large 
patent ductus arteriosus. Asian 
Cardiovascular and Thoracic Annals, 
13(1), 24-29. 

31. Ahmed R. Afifi , Sahar A. El-
Shedoudy, Mohammed A. El-Baz, 
et al. (2020): Echocardiographic 
Short-Term Follow up of Children 
after Transcatheter Closure of Patent 
Ductus Arteriosus, BMFJ. 37(3): 
pp.619-625. 



PATENT DUCTUS ARTERIOSUS DEVICE CLOSURE VERSUS SURGICAL LIGATION IN INFANTS  Islam M. S. Hemeda, Amal M. El-Sisi, Mohamed E. Sharaa, Ibrahim M. Abu Farag 

 1961 

غلق القناه الشریانیھ بالقسطره القلبیھ مقارنة 
 بربطھا جراحیا في الاطفال الرضع

**, شرع د/اسلام محمد حمیده*, ا.د/أمل محمود السیسیى***, ا.د/محمد الدسوقى
 ا.د/ابراھیم محمد ابو فرج*

 ** بكلبة الطب جامعة الأزھرأقسام طب الأطفال*, جراحة القلب والصدر

 , مصرلیة الطب جامعة القاھرة, القاھرة*** بكوقسم طب الأطفال

لقل������ب اتعتب������ر القن������اة الش������ریانیة المفتوح������ة م������ن اش������ھر أم������راض          
ح�������دوثھا، وھ�������ى  % م�������ن نس�������بة10الخلقی�������ة ش�������یوعا و تمث�������ل تقریب�������ا 

ثال������ث أكث������ر عی������وب القل������ب الخلقی������ة ش������یوعاً. ویمث������ل إغلاقھ������ا ع������ن 
س�������خ طری�������ق القس�������طرة القلبی�������ھ التداخلی�������ھ الآن ال�������نھج المعی�������اري الرا

ف������ي جمی������ع أنح������اء الع������الم. وكان������ت ھ������ذه الدراس������ة دراس������ة رص������دیة 
، م������ن ھ������ذه الدراس������ة ھ������و مقارن������ة الج������دوىمس������تقبلیة. وك������ان الھ������دف 

لأج��������ل، و تقی��������یم م��������دى الفاعلی��������ة و والنت��������ائج الس��������ریریة قص��������یرة ا
 الأم�������ان و النتیج�������ة لھ�������ذا الأس�������لوب الجدی�������د م�������ن الع�������لاج باس�������تخدام
ة جھ�������از غل�������ق القن�������اة الش�������ریانیة و ك�������ذلك متابع�������ة التغی�������رات القلبی�������

 .ادالمصاحبة بعد غلقھا ومقارنتھا بنتائج الغلق الجراحى المعت

قب�������ل عم�������ل الت�������دخل العلاج�������ى لھ�������ؤلاء المرض�������ى ت�������م أخ�������ذ          
الت������اریخ المرض������ى لھ������م و توقی������ع الفح������ص الس������ریرى الكام������ل عل������یھم 
و عم������ل التحالی������ل اللازم������ة لھ������م و عم������ل تص������ویر للص������در بالأش������عة 

 24الس������ینیة و عم������ل موج������ات ف������وق الص������وتیة عل������ى القل������ب. و بع������د 
س����واء ع����ن طری����ق –س����اعة م����ن النج����اح ف����ى غل����ق الوص����لة الش����ریانیة 

ت������م عم������ل تص������ویر للص������در  -القس������طرة القلبی������ھ او ال������ربط الجراح������ى
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بالأش�������عة الس�������ینیة و عم�������ل موج�������ات ف�������وق الص�������وتیة عل�������ى القل�������ب 
للتحق�������ق م�������ن درج�������ة غلقھ�������ا, ث�������م ت�������م متابع�������ة ھ�������ؤلاء المرض�������ى 
بالموج�����ات ف�����وق الص�����وتیة عل�����ى القل�����ب بع�����د ش�����ھر و س�����تة أش�����ھر م�����ن 

 .غلق الوصلة الشریانیة

مریض�������ا, م�������ن ب�������ین  40ة عل�������ى ولق�������د أجری�������ت ھ�������ذه الدراس�������         
 12 المرض����ى ال����ذین ت����م غل����ق القن����اة الش����ریانیة لھ����م بنج����اح ك����ان م����نھم

%). و ك�������ان 70ن�������اث (مریض�������ا م�������ن الإ 28%) و 30م�������ن ال�������ذكور (
 4ھور ف�������ى مجموع�������ة القس�������طرة القلبی�������ھ وش������� 6 متوس�������ط أعم�������ارھم

ش���������ھور ونص���������ف ف���������ى مجموع���������ة ال���������ربط الجراح���������ى و متوس���������ط 
كج���������م ف���������ى  4.6و كج���������م ف���������ى مجموع���������ة القس���������طرة  5.6ال���������وزن=

 .مجموعة الجراحة

یة لش��������ریانولق��������د اس��������تخدم جھ��������از الأمبلات��������زر لغل��������ق القن��������اة ا         
, و كان����������ت مقاس����������ات الأجھ����������زة %)45اطف����������ال ( 9بنج����������اح ف����������ى 

ف����������ى  6/4%), و 35ح����������الات ( 7ف����������ى  8/6المس����������تخدمة كالت����������الى: 
 ).%10حالتین (

ی�������ت تثبوك�������ان رب�������ط القن�������اة الش�������ریانیة المفتوح�������ة الم�������زدوج وال         
الع�������ابر التقنی�������ة الأكث�������ر ش�������یوعا المس�������تخدمة ف�������ي مجموع�������ة الغل�������ق 

 ).%95الجراحي (

ون دت������م غل������ق القن������اة الش������ریانیة بنج������اح ف������ى جمی������ع الح������الات          
تس�������جیل ح�������الات وف�������اه ف�������ى المجم�������وعتین. وك�������ان الت�������دخل العلاج�������ى 

% م������ن ح������الات القس������طرة 80غی������ر مص������حوب ب������أى مض������اعفات ف������ى 
 .ق الجراحى% من حالات الغل85القلبیھ و 
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 وك������ان وق������ت الخ������روج م������ن المستش������فى بع������د الت������دخل العلاج������ى         
 4ی�����وم مقاب�����ل  1أقص�����ر ف�����ي مجموع�����ة القس�����طرة م�����ع وق�����ت متوس�����ط 

ه أی�����ام ف�����ي مجموع�����ة الجراح�����ة مم�����ا یعن�����ي اس�����تھلاك أق�����ل للم�����وارد. ھ�����ذ
الإقام������ة القص������یرة ف������ي المستش������فى ھ������ي واح������دة م������ن مزای������ا إغ������لاق 

ری�������ق القس�������طرة القلبی�������ھ ع�������ن الوص�������لة الش�������ریانیة المفتوح�������ة ع�������ن ط
 .الطریقة التقلیدیة بالربط الجراحي

ة اظھ������رت كلت������ا الط������ریقتین نت������ائج مش������ابھة فیم������ا یخ������ص ع������ود         
الج������زء الایس������ر م������ن القل������ب لحجم������ھ الطبیع������ى بع������د غل������ق الوص������لة 

 .الشریانیھ المفتوحة

المتوس�������طھ ال�������ى  –غل�������ق الوص�������لة الش�������ریانیھ المفتوح�������ة  الاس�������تنتاج:
 6الاوزان الص�������غیره (اق�������ل م�������ن  ىى الرض�������ع ذوف������� -كبی�������رة الحج�������م 

ى ) باس�����تخدام الاجھ�����زة الحدیث�����ة ع�����ن طری�����ق القس�����طرة القلبی�����ھ ھ�����كج�����م
طریق�������ة فعال�������ھ ومجدی�������ة ونتائجھ�������ا ممت�������ازه ول�������ذا یج�������ب ان تك�������ون 

 .الخیار الاول فى العلاج فى الأطفال الرضع
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