
Patency of ductus arteriosus (PDA) is a fre-
quent congenital heart disease. Its incidence has
been reported to be 1 in every 200 live births (1).
Closure of the defect is always advocated, since it
can result in congestive heart failure or pulmonary
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Summary
Purpose: Since the first ligation of patent ductus arteriosus

(PDA) in 1939 by Gross, ligation through a thoracotomy
has been the standard technique, to prevent the complica-
tions of PDA. In the recent years, high technology de-
vices have been introduced. However, have not abolished
the classic surgical treatment. In our clinic, surgical clo-
sure with left thoracotomy is the method of choice.

Materials and Methods: Between 1985-1999, 213 patients
were operated with the diagnosis of PDA Sixty-seven pa-
tients were male (31.5%), and of whole group mean age
was 18.06±11.69 (range: 3-64) years. Eighty-eight pa-
tients (41.3%) were 18 years old or older.

Result: Left thoracotomy was performed in 184 (86.4%) pa-
tients. In 4 of these cases, also aortic coarctations were
treated with patch aortoplasty. Ductus was interrupted
with ligation and transfixed with a suture in 106 (49.7%)
cases. In 78 (36.6%) patients, ligation and division was
performed to interrupt the PDA. In 27 patients, PDA were
associated with heart defects that needed open heart sur-
gery to be repaired. Two other cases, which were re-
canalization of PDA in the postoperative 5th and 20th
months, were also repaired with open-heart surgery. No
late deaths were recorded in the follow-up. This follow-
up ranged between 3-126 months.

Conclusion: Open thoracotomy for PDA ligation and division
can be performed with near-zero mortality and morbidity.
Late term recurrence rates are very low. All other thera-
peutic approaches must achieve these repeatable results,
before they can be fully justified.

Key Words: PDA ligation nad division,
Left thoracotomy, Early and late term results
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Özet
Amaç: Patent Ductus Arteriozus'un 1939'da Gross tarafından

ilk ligasyonu sonrası, torakotomi ile cerrahi yaklaşım
standart tedavi olmuştur. Yüksek teknoloji ile transkateter
ve torakoskopik teknikler gelişse de klasik cerrahi te-
daviyi aşamamışlardır.

Materyel ve Metod: 1985-1999 yılları arasında 213 hasta
PDA nedeniyle opere edilmiştir. Hastaların %31.5 erkek
olup, ortalama yaş 18.06±11.69 (yaş aralığı 3-64 yıl)
idi.Hastaların %41.3'ü 18 yaşın üzerinde idi.

Bulgular: Hastaların %86.4'üne sol torakotomi uygulanmıştır.
Dört hastada aort koarktasyonu bulunduğu için patch-
plasty uygulanmıştır. Vakaların %49.7'sine ligasyon-
transfiksiyon, %36.6'sına ligasyon-divisyon uygulan-
mıştır. 27 hastada PDA'ya başka kardiyak defektler eşlik
ettiğinden açık kalp cerrahisi uygulanmıştır. Ayrıca iki
hasta rekanalize PDA nedeniyle 5. ve 20. aylarda açık
kalp cerrahisine gitmişlerdir. Geç ölüm gözlenmemiştir.

Sonuç: PDA ligasyonu ve divisyonu açık torakotomi ile her-
hangi bir mortalite ve morbidite olmaksızın yapılmak-
tadır. Geç dönem rekürrens oranı düşüktür. Diğer tedavi
yöntemleri bu sonuçlara ulaşmada birinci sırada yer ala-
mazlar.

Anahtar Kelimeler: PDA ligasyon ve divisyonu,
Sol torakotomi,
Erken ve geç dönem sonuçlar
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hypertension, and is associated with a high risk of
endocarditis. Actually, about 45% of patients died
of endocarditis or related infectious complications
in the preantibiotic era (2). PDA is not usually com-
patible with prolonged survival. The majority of
patients with PDA do not survive beyond the age of
50 (3). One third may die before the age of 40 (2).
The oldest patients reported up to this time were a
90-year-old man and an 86 year old woman.
Around 20 patients reported to live beyond the age
of 70 (4).

Gross and Hubbard reported first successful
surgical closure of the ductus in 1939 (5). As it was
stated in an article by Chu et al, Portsmann and as-
sociates first developed non-surgical closure of
PDA in 1971, which later was modified by
Rashkind and associates in 1979 (6). Laborde per-
formed first video-assisted thoracoscopic (VATS)
operation for PDA closure in 1993 (7). Since then,
these techniques have been performed to a wide va-
riety of patients from different age groups, includ-
ing infants and adults (6,8). Actually, VATS is
mainly advised to be performed in pediatric pa-
tients. Within the recent years, for many surgeons,
with a little enthusiastic pressure of the industry
and mainly incisional advantages of the technique
over open thoracotomy, VATS for PDA has become
the preferred approach.

This technique has never been performed in
our clinic. Open thoracotomy for the closure of
PDA is the routine approach. Here in this report, we
wanted to evaluate our surgical experience of PDA
in the last fifteen years. The aim of this evaluation
is to stress the importance of standard procedures in
developing countries like ours. The diagnosis and
treatment of congenital heart defects is still an im-
portant problem, and most of the patients with con-
genital heart defects are actually adults.

Patients and Methods
Patients: Between 1985-1999, 213 patients

were operated with the diagnosis of patent ductus ar-
teriosus (PDA). The main complaints were dyspnoea
and palpitations in patients. Fourteen (6.5%) patients
were in Class I according to New York Heart
Association (NYHA) classifications, 179 (84%) pa-
tients were in Class II and the rest of the cases were
Class III. None of the patients were cyanotic except

the 5 patients with Tetralogy of Fallot. Sixty-seven
patients were males (31.5%), and mean age of the
male patients were 17.64±12.03 (range: 4-50) years.
There were 146 (68.5%) female patients. Their mean
age was 18.25±11.57 (range: 3-64) years. The mean
age of the whole group was 18.06±11.69. Between
the ages of 0-9, there were 58 cases (27.2%).
Between the ages of 10-17, there were 67 patients
(31.4%). Eighty-eight patients (41.3%) were 18
years old or older. The age distributions of patients
are given in Table 1. Electrocardiography revealed
pulmonary hypertension in 43 cases, atrial fibrilla-
tion was observed in 7 cases. All other patients had
sinus rhythm.

Diagnosis: Diagnosis was established with
echocardiography in all of the cases. Angiography
was also done in cases, with echocardiographically
measured pulmonary artery pressures higher than
70mmHg, to calculate the pulmonary vascular re-
sistance. Patients with more complex associated
anomalies have also undergone angiographic and
hemodynamic studies. In 11 (5.2%) cases, pul-
monary artery pressures were measured higher than
70mmHg. All the pulmonary vascular resistance
calculations were less than 6 Woods unit, except
one male 47 year old patient, whose pulmonary ar-
tery pressure was 116 mmHg and Pulmonary vas-
cular resistance was 8.4 Woods unit.

Surgical Technique: Muscle sparing left tho-
racotomy with careful PDA dissection and preser-
vation of recurrent laryngeal nerve were the stan-
dard procedures in 184 (86.4%) patients. In 4 of
these cases, there were preductal aortic coarcta-
tions, which were treated with synthetic patch aor-
toplasty. Ductus was interrupted with ligation and
transfixed with a polypropilene suture to prevent
recanalization in 106 (49.7%) cases. In 78 (36.6%)
patients, ligation and division was performed to in-
terrupt the PDA.

In 27 patients, PDA were associated with heart
defects that needed open heart surgery to be re-
paired. Associated minor and major cardiac
pathologies are listed in Table 2. Two other cases,
which were recanalization of PDA in the postoper-
ative 5th and 20th months, were also repaired with
open-heart surgery. To interrupt PDA under car-
diopulmonary bypass, pulmonary artery was
opened, and the defect was sutured under direct vi-
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sion. Bleeding from the defect was controlled with
a finger. The pump was never stopped to prevent air
being sucked into the circuit, but the output was
lowered to some degree to decrease the bleeding
from the defect.

Follow-up: Long term follow-ups were
achieved for all the cases that were discharged from
the hospital. This follow-up ranged between 3-126
months. Telephone contact or the computer records
of our hospitals' outpatient clinic was the source for
the long-term follow-ups. The patients who were
older than 30 years when they were operated and
survived the operation (n: 28), were also invited to
hospital for echocardiographic evaluation.

Results are noted as mean ± standard deviation
or per cent of the population as defined in the text.
Student's 't' test was done when applicable.

Results
Two patients died (0.9%) in the early postoper-

ative period. Both cases were in the group of left
thoracotomy. The reason for mortality was massive
pneumothorax in an 11-year-old girl, who had liga-
tion and transfixion. The pneumothorax of right
hemithorax was unnoticed during the transport

from the operating theatre to the intensive care unit.
The probable cause was a mechanical problem of
the transport ventilator. She was not been able to be
resuscitated. The other lethal case was the 47-year-
old male patient with 116 mmHg pulmonary artery
pressure. During the effort of division, aneurysmal
pulmonary artery was ruptured and the patient bled
to death.

There were no other morbidity or mortality in
the thoracotomy group and were discharged from
the hospital after an uneventful postoperative peri-
od. In the group of patients where cardiopulmonary
bypass was used for the repair of PDA and other as-
sociated cardiac pathologies, no mortality was
recorded. Morbidity such as rhythm disturbances or
right ventricular failure that needed inotropic sup-
port were recorded but all these patients were dis-
charged from hospital without any problem. All the
cases that had undergone cardiopulmonary bypass
were younger than 30 years old, except the two re-
operations for recanalization of the PDA.

Late follow-ups were achieved for all the pa-
tients that were discharged from the hospital. The
mean follow-up was 30.2±19.4 months (range: 3-
126 months). No late term death was recorded in
thoracotomy group. In the group of patients who
were operated with cardiopulmonary bypass, 1 pa-
tient with tetralogy of Fallot was reoperated 27
months later because of a recurrent VSD. There
were no recorded late death or morbidity in this
sub-group of patients.

Twenty-eight patients who were older than 30
years were invited to hospital for echocardiograph-
ic evaluation. The mean period of follow-up was
38.9±5.5 months (range: 3-113). Two recanaliza-
tions of PDA after a ligation operation was detect-
ed in two cases, and were reoperated under car-
diopulmonary bypass in the 5th and 20th months of
their postoperative period (as mentioned above).
Reoperation rate for recanalization in thoracotomy
group is 1.1%. The mean preoperative pulmonary
artery pressures of this sub-group of patients, who
were evaluated with echocardiography in the late
follow-up, were 41.5±14.7 mmHg. This figure was
calculated to be 25.5±2.7 mmHg in the follow-up
evaluations (p<0.05). The mean NYHA class was
also decreased significantly (2.3±0.5 vs. 1.08±0.2,
p<0.001).

Table 1. Age and sex distribution of the patients
Males Females Total Ratio

0-9 years 20 38 58 27.2%
10-17 years 21 46 67 31.4%
18-30 years 18 41 59 27.7%
31-49 years 6 17 23 10.8%
50 years or older 2 4 6 2.8%
Total 67 146 213 100%

Table 2. Associated cardiac pathologies
Aortic coarctation 4 cases
Congenital aortic stenosis 10 cases
Tetralogy of Fallot 5 cases
Pulmonary stenosis 4 cases
Rheumatic mitral disease 3 cases
Atrial septal defect (ASD) 2 cases
Ventricular septal defect (VSD) 1 case
Sinus Valsalva aneurysm and VSD 1 case
ASD and VSD 1 case
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Discussion
PDA is a common congenital cardiovascular

defect that can result in congestive heart failure or
pulmonary hypertension if large and even if small
is associated with a high risk of infective endo-
carditis and endarteritis. Indeed, about 45% of pa-
tients dying from PDA in the preantibiotic era died
from infection rather than heart failure (2). Almost,
all of the cardiac surgeons would agree with the
statement "perhaps the most favorable risk-benefit
ratio for all congenital heart operations is ligation
and division of isolated PDA" of Mavroudis and
colleagues in their work published in 1994 (9).
With this simple operation, the threat for bacterial
endocarditis, endarteritis is avoided as well as con-
gestive heart failure and pulmonary hypertension.

Therapeutic options for this lesion are chang-
ing and continue to evolve. The classic approach is
through a thoracotomy with divisions of muscles
and spreading of the intercostal space. This method
provided a near-zero mortality rate with residual
patency around 0.4-3.1% (10). The results of our
clinic are concordant with this finding. The overall
mortality for the surgery of PDA is less than 1% in
our experience. We have met only 2 residual paten-
cy in our follow up with echocardiographic exami-
nation of older patients. In younger patients, this
method was not used, but clinically; there wasn't
any symptom or sign of residual patency in the late
follow-up. Only ligation is not actually advocated
in the previous reports on the subject, but division
is advised to be the preferred technique for surgery
(9). In our technique, we put a transfixion suture af-
ter the double loop ligation of the ductus, which we
believe, is the reason of good results with ligation.
This suture, passing through the lumen of the duc-
tus should promote a healing process and complete
occlusion of the lumen. This technique has its own
proof, since almost every surgeon uses this kind of
suture to tie any artery, to prevent bleeding.

Even though the results of open surgical inter-
ruption of PDA are excellent, concerns over post-
thoracotomy syndrome and postoperative pain have
given rise to less traumatic approach. Transcatheter
occlusion of PDA has been established as effective
management to avoid surgical incision and achieve
low morbidity and no mortality (11). A high degree
of concern have been raised, regarding to high

residual shunt rate (17-38% at 1 year) in addition to
its limitations on patients size and ductal size (8). A
series of complications of this technique have been
reported; such as coil embolization, hemolysis and
bacterial endarteritis (12). Actually, in nearly all pa-
tients, successful placement of an umbrella device
or coil essentially eliminates the hemodynamic ef-
fects of PDA, but small leaks around the device are
detectable by auscultation in approximately in 7%
of patients and by sensitive Doppler techniques 11-
20% (13).

Catheter occlusion also seems not justified in a
patient with preexisting bacterial endarteritis if an-
other option without foreign body insertion is avail-
able. The risk of developing infection around the
device or in the prosthetic material of the device is
unknown. In an animal model, it was clear that, the
presence of a significant shunt results in signifi-
cantly increased susceptibility to endarteritis and
endocarditis, with or without a PDA umbrella pres-
ent (13)

Within recent years, video-assisted thoracic
surgery (VATS) has been shown in adults to have
several advantages over open thoracotomy, and for
many surgeons it has become the preferred ap-
proach for specific disorders (14,15). Despite the
reports from many centres around the world, de-
scribing successful VATS PDA ligation with low
morbidity and no operative mortality, many sur-
geons remain hesitant to use the technique (6-8,
16). Surgeons are probably afraid of the possibility
of a sudden exsanguinating hemorrhage from a rup-
tured ductus arteriosus and the lack of immediate
control available with an open technique. This may,
in fact, also happen during the open techniques, es-
pecially in patients with aneurysmal dilatation of
the ductus, pulmonary artery or in patients with
heavily calcified fragile ductus. We had this devas-
tating occasion happen once in the history of our
clinic, which unfortunately ended with mortality.

In the Western countries, thoracoscopic liga-
tion has become the primary approach for all
PDAs. Continued and increased use of the tech-
nique will allow the collection of more information
and improvements in instrumentation and tech-
niques. On the other hand, clear definition of the
patient group that is suitable for thoracoscopic liga-
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tion is not available yet. Whatever the approach to
close the PDA, it must close completely to achieve
the results compatible with open techniques. In de-
veloping countries, where the patients with conge-
nital heart defects are actually adults and prone to
the complications of the developing techniques,
probably proven standard surgery is more rational.
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