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Transcatheter vs. surgical closure of patent ductus 
arteriosus: outcomes and cost analysis
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Abstract
Background
congenital heart disease (CHD) caused by the patency of the 
arterial duct after birth. For the last three decades, management 
of PDA with transcatheter closure has been gaining popularity, 
including in developing countries. However its effectiveness in 
terms of clinical outcomes and cost may vary among center and 

Objectives To compare the cost and clinical effectiveness of PDA 
closure using transcatheter approach compared to surgical ligation. 
Methods We performed a retrospective review on patients 
underwent either transcatheter or surgical closure of PDA between 

and categorical variables, respectively
Results
closure using an Amplatzer® device occluder (ADO) device and 

children with unsuccessful transcatheter closure eventually had 
their PDA closed by surgery, whereas one child with residual PDA 
after surgical closure had his PDA closed by coil. No residual PDA 

Duration of hospitalization was significantly less for patients having 

Amplatzer®

Conclusion

transcatheter closure although the cost is higher than surgical 
ligation. [Paediatr Indones. 2013;53:239-44.].
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Pcongenital heart disease (CHD) caused by 
the patency of arterial duct after birth.

the presence of PDA, a closure is currently almost 
always indicated, especially for the moderate to large 
PDA, to prevent or treat symptoms associated with 
this lesion. 

percutaneous transcatheter procedure has been 
advocated in the last three decades. One of the 
most popular device used for the transcatheter closure 
is the Amplatzer® duct occluder or ADO (AGA 
Medical Co, Golden Valley, MN, US) which had been 
recommended by Food and Drugs Association (FDA) 
US

Previous studies reported that the rate of 
This 

procedure is mostly preferable over surgery because it 
is less invasive and results in minimal complication, 
fewer hospitalization days, and without surgery scar.

  However, there are also concerns about higher 
cost put by the PDA transcatheter closure procedure, 
which may differ among centers. Since clinical 
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outcomes and cost are very important in a health 

outcomes and cost of PDA closure by transcatheter 
methods using ADO device compared to surgical 
ligation.

Methods

We performed a retrospective review on all patients 

those with multiple congenital anomalies.
The primary outcomes of this study were 

direct cost of PDA transcatheter closure compared 
to surgical ligation. The PDA transcatheter closure 
procedures were started to be performed in our 

medical records: age, immediate results (complete 
or incomplete closure) at discharge, rate of closure 

the procedure and hospitalization, length of stay, 
and the presence of residual PDA. Complications 
were classified as major (death, cardiac tamponade, 
cardiac arrest) and minor (transient badycardia or 
tachycardia).

The procedure cost was analyzed using the cost 
minimization analysis method. Direct medical cost 
was calculated for the duration of hospitalization, 
hardware cost (catheterization laboratory operational 

cost, ADO device, anaesthesia drugs, pharmaceutical 
cost), laboratory and imaging investigations.. All 

included in the cost analysis. 
We aimed to compare the outcomes and cost of 

transcatheter PDA closure using transcatheter versus 

respectively. All statistical analyses were done using 
an SPSS for Windows version 17 computer software 
program.

Results

of the patients in the transcatheter closure group was 
significantly older from that of the surgery group (Table 
1

median duct size in the transcatheter closure group 

no statistical significant difference was found between 
PDA transcatheter closure and surgery, which was 

Table 2 describes the clinical outcomes of 
PDA transcatheter closure using an ADO device 
compared to surgery. The rate of complete closure 
at discharge was slightly better in the transcatheter 

Table 1. Characteristics of the study subjects.

Characteristics Procedures

Transcatheter closure
 (n = 89)

Surgical ligation 
(n = 67)

Gender
Males, n (%)

Median age (range), years*
Median procedure time (range), minutes
Median weight (range), kg*
Median diameter of PDA (range), mm*

21 (24)
  4 (0.5–13)
70 (45–165)
13 (4.5– 33)
  4 (1.3–13)

21    (31)
  1.8 (0.5–12)
75    (30–240)
  8    (2.1– 33)
  6    (3–11)

* P value <0.001 with Mann Whitney test.
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device embolized so they were referred for surgery.  

small residual shunt, but they were decided to be 
discharged for further observation.

with small residual shunt from the transcatheter 
closure and surgery group, respectively, eventually 
achieved complete closure. One patient who still 
had persistent shunt after surgical PDA ligation 
finally had his residual PDA closed transcatheterly 
using a coil.

No statistical significant difference was found in 
terms of complication rate between the two groups, 
however the duration of hospitalization was significantly 
lower in the transcatheter closure group compared to 

Two patients, one from each group, had fever after the 
PDA closure and were treated with antibiotics.

Table 3 presents the details of total direct 
cost of transcatheter closure compared to surgical 
procedures.

Overall, the transcatheter closure costed higher 
than that of surgery. However this higher cost was 
mostly attributed to the cost for supporting operation 
facilities, such as the catheterization laboratory along 

other hand, the costs for hospitalization, pharmacy, 

in the transcatheter closure group compared to 

pharmaceutical costs for transcatheter closure was 

Table 2. Clinical outcomes of transcatheter closure vs. surgical ligation

Clinical outcomes Procedures P value
Transcatheter closure

 (n = 89)
Surgical ligation

 (n = 67)
Result at discharge (>24 hr), n (%)

Complete closure
Small residual shunt
Large residual shunt 

Result on follow-up (± 7 days), n (%)
Complete closure
Small residual shunt
Large residual shunt 

85 (96)
  2  (2)
  0  (0.0)
  2  (2)‡‡

87 (98)
  0  (0.0)
  0  (0.0)
  0  (0.0)

63 (94)
  4 (6)
  0 (0.0)
   -

66 (98)
  1 (2)*
  0  (0.0)
   -

1.000‡

1.000‡

Complications, n (%)
No complication
Minor complication
Mayor complication 

86 (97)
  1 (1)
    -

64 (96)
  2 (3)
   -

1.000‡

  2.7 (SD 1.5)   6.6 (SD 1.5) <0.0001
Death †, n (%)   0 (0)   2 (3) 1.000‡

‡P value of chi-square test;‡‡  

occlusion; ** result expressed as mean standard deviation, P value for T test for independent sample; † caused complication.

Table 3. Cost comparison of transcatheter closure vs. surgical ligation

Type of cost (Rp, x 1000)
Procedures

P valueTranscatheter closure
 (n = 89)

Surgical ligation
 (n = 67)

SOF cost 29,021 11,083 N/A
     166 (83 – 1,245)   1,825(1,576– 22,643) P< 0.0001‡

Median pharmaceutical cost (range)      332 (7.3 – 2,490)   3,650 (3,152 – 45,286) P< 0.0001‡

Mean laboratory cost (SD)      847.7 (SD 57.2)   1,033 (SD 89.25) P<0.0001**
Mean total cost (SD) 29,930 (SD 57.2) 12,205 (SD 89.3)

SOF, supporting operation facilities; *N/A, not applicable; ‡Mann Whitney test;** independent T test
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Discussion

transcatheter methods was slightly more effective in 
achieving complete closure compared to surgery and 

resulted in higher total cost than surgery.
A decision for planning PDA transcatheter 

rations, including patient’sage, size of the duct, and 

who underwent transcatheter closure were older 
and had smaller PDA diameter compared to those 
who had surgery. However, some literatures state 
that transcatheter procedure is feasible for infants 

On the other hand, in surgical ligation, age and 
weight is not an absolute consideration, so that it 
remains as the procedure of choice for some cases, 
such as premature infants who do not respond to 
indomethacin, patients with complications, or those 
who failed transcatheter closure approach.

age and weight at transcatheter closure procedure.
Differ from our study, they reported almost comparable 
age between the transcatheter and surgery group, 

ter PDA closure procedure is not only determined 
by the skill of the operator, but also by the age of the 

such as pneumonia, or any severe symptom of heart 
failure may affect the choice of management. Surgical 
ligation is usually preferred over transcatheter closure 
when the above conditions limit the feasibility of 
transcatheter approach.

Whether or not a patient achieves complete 
closure reflects the effectiveness of PDA management. 

ligation showed similar results with the rate of 

results were almost the same with previous study
comparing surgical ligation with and transcatheter 

their patients had smaller PDA diameter compared 

to ours. Another study reported that percutaneous 
transcatheter procedure is less effective compared to 

respectively. However the number of patients in that 
study was limited.

Patent ductus arterious complete closure may be 
achieved rapidly after surgical ligation and the outcomes 

On
the other hand, after a transcatheter closure using an 

closure of the PDA.The thrombogenic polyester 
material in the inner part of an ADO needs certain 
period to induce complete thrombosis in the PDA 
surrounding area.

Accurate selection of the ADO size and delivery 
system (micro screw cable and delivery system) 
determine the success of the transcatheter closure. 

of cases handled increase.
A multicentre study on the effectiveness of 

immediate complete closure after transcatheter PDA 

Residual
shunt, which commonly occurs in surgical ligation, 

used by surgeons in our center was the double ligation 

the surgeon could not ligate a PDA too tight because 
of the potential rupture of the duct tissue due to 
its fragility. Many studies have evaluated various 

in January 

Previously, Mavroudis et al recommended ligation 

acomplete closure.
This study revealed that both the transcatheter 

procedure and surgery were safe, in which they 
resulted in minimal complication and no mortality. 
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The difference in length of stay between the two 
groups was more related to the choice of procedure. 
The ligation procedure is considered as a major 
surgery that demands close monitoring after surgery 

transcatheter closure procedure is far less invasive. 
The monitoring and care after the procedure can be 
done in a regular ward and patients can be discharged 

Cost minimization analysis is a method that 
only evaluates the total cost of interventions with 

ligation procedure was found to be cheaper than the 
transcatheter closure using an ADO for a relatively 

of the SOF cost was allocated for the ADO unit. On
the other hand, the ligation procedure does not need 

for the surgical procedure. Previous studies found 
similar results, either that used Gianturco coils
or Rashkind occluder. Moreover, the total cost of 
Gianturco coil procedure was far higher than ligation 

contrast to the above studies, a study by Prieto et al

cheaper cost of coils and the use of local anesthesia 
in all patients.

results of studies comparing the transcatheter and 

costs and clinical outcomes between surgical ligation 
and transcatheter procedure found no cost difference 

with comparable effectiveness.  Another study in 
Australia, for atrial septal defect (ASD) closure using 
the Amplatzer® septal occlude (ASO) also found no 
difference in median cost between the transcatheter 
methods and surgery although the ASO device was 

caused by higher cost of treatment, laboratory, and 
medication put by surgery.

The results of the cost analysis in this study 

was largely influenced by the currency value of USD
against Rupiah as we imported the ADO device. The 
calculation of the cost did not also include the use of 
anesthetics drugs, intravenous fluids, and disposable 

procedure and hospitalization cost, the total cost of 
surgical ligation in our study might be greater than 
the ADO procedure. The results of the cost analysis 
might also be different if indirect cost was included 
in the study, such as the cost of patients’ care giver 
and the loss of productivity of the family. Because 
it is a retrospective study, we can not calculate the 
indirect cost.

closure using ADO is similar to surgical ligation, 
but in terms of cost, it is not as efficient as surgical. 
The advantage of ADO procedure are related to 
shorter hospitalization days and less invasiveness 
and therefore it may be recommended as the primary 
choice for PDA treatment. A prospective study needs 
to be done in the future to assess the analysis of cost 
effectiveness incorporating the indirect cost.
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