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Abstract 
Introduction: Patent ductus arteriosus (PDA) is a congenital heart disease 
whose seriousness lies in the risk of pulmonary hypertension, congestive heart 
failure and death. The aim of this study was to describe the surgical closure of 
an isolated patent ductus arteriosus (PDA) performed in Soavinandriana 
Teaching Hospital. Methods: This was a retrospective and descriptive study, 
during thirteen-years-period (January 2004 to December 2016), performed at 
Cardiac surgery unit of Soavinandriana Teaching Hospital, including all child-
ren underwent surgical closures of an isolated PDA. Demographic data, birth 
weight, clinical signs, diagnostic imaging, time between diagnosis and surgery 
and hospital left stays were analyzed. Results: A total of eighty-six children 
were recorded, including 21 males (24.42%) and 65 females (75.58%), giving 
sex ratio of 30%. The average age was 33.91 months. Children were born with 
a low birth weight in 12.79% of cases. PDA was symptomatic in 81.39%. The 
most circumstances of discovery were recurrent lung infections (31.40%), dysp-
nea (24.41%) and failure to thrive (19.76%). Echocardiography showed left 
ventricular dilatation (63.95%), pulmonary hypertension (73.25%). The ductus 
was large in 97.67% and the mean diameter was 5 mm. Chest X-ray showed 
cardiomegaly (97.67%) and increased pulmonary vascularity (86.04%). Mean 
delay of surgical procedures after diagnosis was 15.16 months. Surgical proce-
dures consisted left posterolateral thoracotomy with a section and suture after 
clamping the ductus. Earlier postoperatives courses were simple in all child-
ren. The mean duration of hospitalization was 8.93 days. Conclusion: PDA 

How to cite this paper: Randimbinirina, 
Z.L., Randrianandrianina, H.F., Rajaobeli-
son, T., Miandrisoa, R.M., Ravaoavy, H., 
Rajaonanahary, T.M.A. and Rakotoarisoa, 
A.J.-C. (2023) Surgical Closure of Isolated 
Patent Ductus Arteriosus in Cenhosoa Anta-
nanarivo. World Journal of Cardiovascular 
Surgery, 13, 111-119. 
https://doi.org/10.4236/wjcs.2023.137011 
 
Received: May 29, 2023 
Accepted: July 7, 2023 
Published: July 10, 2023 
 
Copyright © 2023 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/wjcs
https://doi.org/10.4236/wjcs.2023.137011
https://www.scirp.org/
https://doi.org/10.4236/wjcs.2023.137011
http://creativecommons.org/licenses/by/4.0/


Z. L. Randimbinirina et al. 
 

 

DOI: 10.4236/wjcs.2023.137011 112 World Journal of Cardiovascular Surgery 
 

was most common large (97%) and symptomatic (81%) in our study. Surgical 
closure of an isolated PAD was the only surgical procedure of congenital heart 
cardiopathy available in Antananarivo.  
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1. Introduction 

Patent ductus arteriosus (PDA) is a cardiac malformation which the ductus does 
not close in 3 months after birth. It’s a usual cardiac malformation in premature 
birth. PDA is associated with increased mortality and various comorbidities in-
cluding cardiac failure, need for respiratory support, bronchopulmonary dyspla-
sia, pulmonary or intracranial hemorrhage, and necrotizing enterocolitis [1]. 
The prevalence of PDA was 81 infants per 10,000 live births and 45.2% in very 
low birth weight (VLBW) infants [2]. In Africa, PDA was seen in 57% of pre-
mature infants [3] and accounts for 25% of congenital heart disease [4]. The 
surgical management of PDA is still an open surgery by thoracotomy in most of 
sub-Saharan African countries if interventional cardiology takes more place in 
Western countries. The surgical closures of an isolated PDA are the only surgical 
procedures of congenital heart disease performed in Madagascar since 2004. 
However, there are no previous studies publishing the surgical closures of an 
isolated PDA in Madagascar. The aim of this study was to describe the surgical 
closures of an isolated PDA performed in Soavinandriana Teaching Hospital at 
Antananarivo. 

2. Materials and Methods 

This study was performed in Soavinandriana Teaching Hospital. It is a referral 
hospital in Antananarivo, receiving military patients with her families and civi-
lian patients who needed cardiac and vascular surgery. Since 2004, missionary of 
doctors of the world have been performed surgery of an isolated PDA in Anta-
nanarivo Madagascar. Patients have been selected after consulting and per-
formed echocardiography by cardiopaediatric team in Cenhosoa. All children 
who had an isolated PDA have been referred in Cardiac Surgery Unit for pro-
gram for surgical closure of the ductus. In otherwise, children who had a com-
plex congenital heart disease or an associated PDA with other cardiac malforma-
tion have been sent in France. Since 2016, Malagasy surgeons have been prac-
ticed the surgical closure of an isolated PDA without missionary. Performing the 
surgical closure of PDA solely by the Malagasy team reduces the waiting time for 
surgery by missionaries. We are currently trying to publish this study on PCA 
closure surgery performed with missionaries before publishing a study on sur-
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gery performed by Malagasy surgeons without missionaries since 2016, which is 
currently under development. So, we conducted a retrospective and descriptive 
study after 13 years period (from January 2004 to December 2016) of practice of 
surgical closure of an isolated PDA in Malagasy children, performed at Soavi-
nandriana Teaching Hospital in Antananarivo. All children who underwent a 
surgical closure of an isolated patent ductus arteriosus during this period were 
included in this study. Demographic data, birth weight, clinical signs, diagnostic 
imaging, time between diagnosis and surgery and hospital left stays were ana-
lyzed. Data were collected from cardiopediatrician’s consultation sheets, echo-
cardiography reports, pre-anesthetic consultation sheets, operative reports and 
hospitalization records. Data were recorded with Mircosoft excel 2016, then 
analyzed with SPSS 17.0 software. Data are presented as absolute values and fre-
quency, mean and standard deviation and range according to the sample distri-
bution. 

3. Results 

Eighty-six children were operated for surgical closure of an isolated PDA during 
our study period. The population of study consisted of 21 boys (24.42%) and 65 
girls (75.58%), giving a sex ratio of 30%. The average age was 33.91 ± 1.03 
months (ranging from 5 months to 168 months). Seventeen children were born 
prematurely (19.76%). Mean birth weight was 3.06 ± 0.19 kg. Nine children 
(10.47%) had low birth weight and two children (2.33%) had very low birth 
weight (Table 1). PDA was symptomatic in 70 cases (81.39%). The most com-
mon symptoms were recurrent lung infections (31.40%), dyspnea (24.41%) and 
failure to thrive (19.76%). PDA was asymptomatic in 18.60% of children whose 
diagnoses were made after echocardiography because of a heart murmur or car-
diomegaly on routine chest X-ray. On clinical examination, cardiac auscultation 
revealed a systolo-diastolic heart murmur (97.67%) and a loud P2 in the second 
left intercostal space (73.25%). The electrocardiogram showed a normal trace in 
17% of cases, left ventricular hypertrophy in 63% and biventricular hypertrophy 
in 13%. Echocardiography showed left ventricular dilatation (63.95%) and pul-
monary hypertension (73.25%) (Table 2). The ductus was large in 78 cases (90.69%), 
with a mean diameter of 5 mm. Chest X-rays showed cardiomegaly (97%) and 
increased pulmonary vascularity (86%). The time from diagnosis to surgery was 
less than 12 months in 55 children (63.95%) (Table 3). The average waiting time 
for surgery was 15.16 months. Postoperative medical treatment often combined 
oxygenotherapy, antibiotics, analgesics and diuretics. All patients were operated 
by conventional surgery with a left posterolateral thoracotomy. Surgical proce-
dures consisted of section and suture of the ductus after clamping. The ductus 
arteriosus was sutured using the Blalock-Taussig procedure with 5 - 0 or 6 - 0 
prolene. Figure 1 showed the sutured ductus arteriosus. Postoperative course 
was simple in all children. No postoperative deaths were recorded during hospita-
lization. The average hospital stay was 8.93 ± 0.14 days, ranging from 6 to 15 days. 
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Table 1. Birth weight and clinical signs of patients. 

Birth weight and clinical signs 
Frequencies 

(n = 86) 
Percentage 

(%) 

Birth weight (kg) 

<1.5 2 2.33 

1.5 to 2.5 9 10.47 

2.5 to 4.3 71 82.55 

>4.3 4 4.65 

Symptoms 

Recurrent lung infection 27 31.40 

Dyspnea 21 24.41 

Repetitive cough 05 5.81 

Failure to thrive 17 19.76 

No symptom 16 18.60 

Clinical findings 
Murmur of the ductus 84 97.67 

Loud P2 in 2nd left intercostal spaces 63 73.25 

 
Table 2. Diagnostic imaging and diameter of ductus. 

Diagnostic imaging/Diameter of ductus 
Frequencies 

(n = 86) 
Percentage 

(%) 

X-ray 

Cardiomegaly 84 97.67 

Increased pulmonary vascularity 74 86.04 

Normal x-ray 2 2.32 

Echocardiography 

Right ventricular hypertrophy 3 3.49 

Left ventricular hypertrophy 55 63.95 

Left ventricle dilatation 73 84.88 

Pulmonary hypertension 63 73.25 

Diameter of ductus 
(mm) 

≤3 8 9.30 

3 - 5 45 52.32 

6 - 9 27 31.39 

≥10 6 6.98 

 
Table 3. Time between diagnosis and surgery and hospitalization left stay. 

Time between diagnosis and 
surgery/Hospitalization left stay 

Frequencies 
(n = 86) 

Percentage 
(%) 

Time between diagnosis and surgery 
(month) 

0 - 11 55 63.95 

12 - 23 22 25.58 

24 - 35 3 3.48 

≥36 6 6.97 
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Continued 

Hospitalization left stays 
(days) 

≤7 3 3.48 

8 - 10 79 91.86 

>10 4 4.65 

 

 
Figure 1. Peroperative image of closure of patent ductus arteriosus (A: sutured ductus 
arteriosus, B: aortic arch, C: left subclavian artery, D: descending aorta). 

4. Discussion 

The existence of congenital heart disease is reality in sub-Saharan African coun-
tries such as Madagascar. It remains a public health problem accounting for a 
significant mortality rate. The intersection of poverty, high fertility rates and li-
mited access to care explains high morbidity and mortality rate due to congenital 
heart disease in low-and-middle-income countries such as sub-Saharan African 
countries [5]. Surgical management of congenital heart disease remains a chal-
lenge in sub-Saharan African countries because number of congenital cardiac 
surgeries performed in these regions is extremely low. It is estimated that only 
3% of children with congenital heart disease can undergo surgery in sub-Saharan 
African population [6]. The truth prevalence of patent ductus arteriosus in 
sub-Saharan African population remains unknown. Some African authors have 
been showed the hospital prevalence of PDA. In Antananarivo, patent ductus 
arteriosus (14%) is the second isolated congenital heart disease after ventricular 
septal defect (17%) [7]. Few studies had described surgical closures of PDA in 
sub-Saharan African studies. But, there is no previous study published the sur-
gical closures of patent ductus arteriosus in Madagascar.  

The average age of children underwent surgical closures of PDA in sub-Saharan 
studies were different according to the study: 33 months in our study, 45 months 
in the study of Ba PS et al. [8], 7 years in the study of Onakpoya UU et al. [9] and 
4 years in the study of Animasahun BA et al. [10]. The higher predominance of 
female in our population (75%) was still observed in other African studies such 
as Nyawawa ETM et al. (84%) [11], Ba PS et al. (63%) [8] and Onakpoya UU et 
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al. (87%) [9]. In recent meta-analysis, there is no sex differences in risk of de-
veloping PDA [12]. However, the risk of PDA in children born with prematurity 
had been often published in the literature [13]. In our study, 19% of children had 
been born in prematurity. There was an inverse relationship between the birth 
weight and the incidence of PDA [14]. PDA was diagnosed in 42% of infants 
with very low birth weight [15]. In our study, 9 children (10%) were born with 
low birth weight and 2 children (2%) with very low birth weight.  

The diagnosis of symptomatic PDA was often discovered during recurrent 
tract infection such as bronchitis, dyspnea and failure to thrive. In our study 
PDA were symptomatic in 81% of cases which the commonest symptoms were 
recurrent lung infection (31%) and failure to thrive (19%). In the study of Onak-
poya UU et al., symptomatology was 75% of dyspnea, 75% of respiratory tract 
infection and 12% of failure to thrive [9]. In study of Ba PS et al., bronchitis 
(63%) and dyspnea were the most common symptomatology of PDA [8]. Echo-
cardiography is the gold standard imaging to make a confirmative diagnosis of 
PDA, to measure the transductal diameter, to diagnose an associated congenital 
heart defect, to estimate the shunt volume and to assess the hemodynamic signi-
ficance [16]. In our practice, all children must be examined by cardiopaediatrics 
before underwent confirmation by echocardiography. ECG showed normal trace 
in 17% of cases, left ventricular hypertrophy in 63% of children and biventricu-
lar hypertrophy in 13% of cases. The results contrasted in the study of Tort M et 
al. which 63% of cases showed normal ECG [17]. 

The ductus is considered small at <1.5 mm, moderate when it ranges between 
1.5 and 3 mm, and large if the dimension exceeds 3 mm [1]. The mean diameter 
of ductus in children population undergoing surgical closures of PDA were va-
riable according study. Large PDA with significant hemodynamic must be close. 
In our study, the mean diameter of ductus was 5 mm and 37% were exceeded 5 
mm. In Animasahun’s study, mean diameter of PDA were 3 mm in group which 
treated by device closure and 8 mm in group which treated by surgical ligation 
[10]. According to Onakpoya UU et al. study, the majority of infants underwent 
transthoracic open ligation of PDA were presented a ductus with diameter ex-
ceeding 5 mm (62%) [9]. However, the study of Ba PS et al. showed a near result 
of our study witch the mean diameter of ductus were 6 mm [8]. In the study of 
Tort M et al., the ductus were large in 76% of patients and moderate in 17% of 
patients [17]. 

PDA symptomatic or large ductus with significant hemodynamic must treated 
in optimal delay to prevent pulmonary hypertension. Surgical closure is consi-
dered when medical treatment fails. But, time to make decision for surgical clo-
sure was different. In African sub-Saharan countries, the mean delayed between 
time of diagnosis and surgical closure was variable according study. In our 
study, mean delayed of surgical procedures after diagnosis was 15 months and 
63% of children waited the surgical closures in first year of birth. In the study of 
Onakpoya UU et al., 18 of children have their surgical closures within a week of 
diagnosis and 50% waited for 1 - 6 months since diagnosis [9]. In sub-Saharan 
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African countries, the most common reasons for delay of surgical closures were 
financial and treatment of ongoing respiratory infection. 

In advanced countries, percutaneous treatment takes more place than left tho-
racotomy since 21st century [18]. But, open surgery with left postero-lateral tho-
racotomy remain the commonest surgical procedures to close the ductus in most 
sub-Saharan African countries. The ductus could be treated by ligation or double- 
clamping and dividing the ductus (earliest procedures). Now, the new proce-
dures in western countries and other sub-Saharan African countries used tran-
scatheter closure with coils or amplatzer duct occluder. In our practice, open 
surgery with double-clamping and suture of the ductus remain the only surgical 
procedure used to close all ductus. In Salmane’s study, PDA closures were per-
formed with the same surgical procedure of our result in 45% of patients [8]. In 
Animasahun’s study, the surgical closures of PDA were performed by ligation 
(57%) and by using device PDA closure (42%) [10]. The study of Tort M et al. 
showed highest rate of ligation (89%) [17]. 

Postoperative course were simple in all children and no death was found dur-
ing hospital length stay in our study. Postoperative complications were found in 
31% of children in Onakpoya’s study [9]. No postoperative death was found in 
the study of Ba PS et al. [8]. In the study of Nyawawa ETS et al., the hospital 
death rate was 5% [11]. Our result could be explained that all cases were an iso-
lated PDA. 

Postoperative length stay varied with the type of surgery used to close the duc-
tus. Thoracotomy needed usually more duration of hospitalization than percu-
taneous treatment. The length of stay was significantly higher in the surgical 
group (7.9 days) compared in the percutaneous group (1.3 days) (p < 0.01) [18]. 
The mean duration of hospitalization was 8 days in our study. It was longer than 
in the study of Ba PS et al. which the mean duration of hospitalization was 5 
days [8]. In Onakpoya’s study, postoperative hospital stay was under 5 days in 
75% of patients [9]. The mean length of hospital stay was 5 days in the study of 
Tort M et al. [17]. In our practice, patient often discharged at 7 or 8 days in 
postoperative time after performed a control echocardiography.  

5. Limitations 

This study has limitations that could be taken into account in future research. 
The small sample size and monocentric nature of the study mean that we cannot 
draw any conclusions about the reality of isolated PCA closure surgery in Ma-
dagascar. In addition, the absence of systematic screening for asymptomatic 
forms of patent ductus arteriosus altered the sociodemographic and symptoma-
tological aspects of our study. 

6. Conclusion 

Surgical closure of isolated PAD was the only surgical procedure of congenital 
heart diseases available in Antananarivo. PDA was symptomatic and large in 
most cases. The surgical results were satisfactory in our study. 
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