
Comparison Between Posterior and Posterolateral
Thoracotomy for the Treatment of

Patent Ductus Arteriosus

ERIC S. ELESTERIO, MD

Division of Thoracic and Cardiovascular Surgery, Philippine Heart Center

Open surgical ligation has proven to be safe and effective method to bring about closure ofpatent
ductus arteriosus (PDA). The author reviewed the experience with open posterior and lateral
thoracotomy for the elective liga tion ofPDA. Atotal of418 patients underwent PDAliga tion from
January 2000 to December 2004 at Philippine Heart Center. Forty six patients had PDAligation
through a small posterior thoracotomy approach by a single surgeon and another46 patients were
randomly selected from 372 lateral thoracotomies. The results showed, on the posterior
thoracotomy, male: female ratio was 1:4.75; the age ofthe patients was 4.19 ± 5.46 years (range,28
days to 32 years),the mean weight was 13.108 ± 9.223 kg, operating time was 68.511±21.915
minutes. On the lateral thoracotomy, male: female ratio was 1:3.6, the ages ofthe patient were
older, 9.337 ± 9.918 years (range, 3 months to 43 years) the mean weight was 21.156±15.381 kg
and the operating time, 99.174±28.009 min. There were noted statistically significant differences
on the age, weight, duration of operating time and the use of drainage CT with a p-value of
0.002727, 0.016120, 00000 and 0.00001748, respectively. In all cases, the diagnosis was
confirmed preoperatively by echocardiography. Open ligation of the PDA was performed by an
intrapleural approach. Closure was established with two silk ligatures and no CT drainage ofthe
intrapleural space done depending on the discretion of the surgeon. The total duration of
hospitalization was 4.609 ± 2.72 days for posterior thoracotomy and 4.826±3.086 days for the
lateral approach. There were no deaths. Successful closure was confirmed by auscultation
postoperatively. One patient on each group recanalized with Qp: Qs of < 1 on the posterior
thoracotomy but parent opted to be closed anyway and the other patient,the recanalized PDAwas
closed after 1month. Minor respiratory complication occurred in 16and 15patients, respectively,
with no statistical significance. No wound infection developed postoperatively.
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The closure of isolated patent ductus arteriosus
. (PDA) was first described in 1939.The approach
was the conventional lateral thoracotomy,and the
rationale for closure has remained much the same
as that described by Campbell in 1968. A PDA that
persists beyond infancy is associated with a mortality
incidence of 0.5 percent per year, predominantly

owing to the infective endocarditis and congestive
heart failure, and an extremely low spontaneous
closure rate.

Open surgical ligation or division has until
recently been unchallenged as a safe and effective
technique for bringing about PDA closure.
Modification of approach has evolved and developed
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by many surgeons familiar with the procedure.
Transection ofthe lateral thoracic wall through the
4th intercostal space was the popular technique
used before which was later followed by muscle
splitting technique. The techni que had significan tly
decreased the severity of postoperative pain,
however the mortality and morbidity have not
changed.

Ligation of PDA through the posterior muscle
splitting approach while patient is on semi-prone
position has been used as a technique in the
treatment of PDA in our institution. No review has
been made to document the outcome of the
technique and determined the effectivity of such
approach.

This retrospective study aims to compare our
surgical technique of thoracotomy in ligation of
patent ductus arteriosus and its results
postoperatively.

MATERIALS AND METHODS

This study involved a retrospective review of
the records of 46 patients treated with surgical
ligation of PDA through a posterior thoracotomy
and 46 randomly selected patients with
posterolateral thoracotomy approach during a 5-
year period from January 2000 to December 2004
at the Philippine Heart Center. A total of 418
ligation ofPDA done during that period. Posterior
thoracotomy approach technique was done by one
cardiovascular pediatric surgeon for elective surgical
ligation of a patent ductus arteriosus and lateral
thoracotomy approach was done by several
cardiovascular surgeons.

The preoperative diagnosis of patent ductus
arteriosus initially was suggested by the presence
of a cardiac murmur that had been detected by a
pediatrician or pediatric cardiologist. In all cases,
the diagnosis was confirmed by 2-D
echocardiogra phy.

Patient was under general anesthesia and
placed in the semi prone position, left side up for
the posterior approach and right lateral
decubitus,left side up for the lateral approach. The
arterial line was placed at the discretion of
anesthesiologist. All the patients had triple ligation
of the PDA intrapleurally . For posterior approach,
a 4 em small incision was done at the level ofthe tip
of the scapula. The scapula was retracted
superiorly, the trapezius muscle retracted laterally

and pleura was entered at the level of4th intercostal
space. After deflation of the lung, descending
thoracic aorta, the left subclavian artery and the
ductus itselfwere identified. The ductus was cleared
circumferentially of any adventitial tissue, and
ligation was achieved proximally and distally using
2-0 silk. Careful attention was done in identifying
and protecting the recurrent laryngeal nerve. For
the lateral approach, standard transverse incision
through the auscultatory triangle, bounded by the
latissimus dorsi and trapezius muscle and scapula.
The serratus anterior and latissimus dorsi are
mobilized to allow their displacement or transected
for visualization of the chest wall. The left chest
was entered through the fourth intercostal space.
Pleura was entered at the level of the 4th ICS and
ligation of PDA was done as previously described.
Subsequently, closure ofthe chest was done either
with a chest tube drainage or none depending
upon the discretion of the surgeon. For patients
without CT drainage,residual pneumothorax was
aspirated prior to closure of the chest wall. Post-
operatively, all patients had chest x-ray done in the
recovery room. Successful ductus closure was
confirmed by the absence of an auscultatory
murmur.

T- test was used for statistical analysis. A
p-value of <0.05 was considered statistically
significant.

Figure 1. Small incision of posterior thoracotomy
approach.
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Figure 2. Exposure with rib retractor.

Figure 3. Posterior thoracotomy incision after
ligation ofPDA.

Figure 4. Posterolateral incision.

Figure 5. Posterolateral thoracotomy.

RESULTS

The male: female ratio in this study for groups
1 and 2 were 1: 4.75 and 1 : 3.6, respectively. The
mean age (±SD) was 4.19 ± 5.46 years (range, 28
days to 32 years) for group 1 and 9.337+/-9.918 for
group 2 and the mean weight was 13.108 ± 9.223
kg and 21.156 kg ± 15.381, respectively. The mean
duct diameter was 0.654 ± 0.240 mm for group 1
and 0.614 +/- 0.271 mm for group 2. There were no
death or intraoperative complications noted.

The mean operating time for grou p I was 68.511
± 21.915 min and 99.174+/- 28.009 for group 2 .
The duration of hospitalization for the entire series
was 4.609 ± 2.72 days for group 1 and 4.826 +/-
3.086 days for group 2.

Statistical analysis using t-test showed a
significant difference on the age, weight, duration
of operation and the use of CT drainage with the
p-value of < 0.015 ( Table 1)

Postoperatively, on group 1, 2 patients had
pneumothorax requiring insertion of closed tube.
Nine patients had postoperative atelectasis which
resolved by treating medically. One patient with
persistent left superior vena cava, had recurrence
ofthe murmur by physical examination at 6 months
postoperatively with Qp:Qs < 1, hence re
canalization ofthe PDAnoted which was confirmed
by 2D-echo. Patient subsequently underwent re-
operation for closure ofPDA. On group 2,1 patient
had pneumothorax with seven patients having
atelectasis. One patient had recanalization ofPDA
detected on follow- which later was closed after 1
month offollow up. No mortality was noted in both
study series. (Table 2)
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Table 1. Summary of results. (N = 46).

Group 2: Posterolateral ThoracotomyDemographics Group1: Posterior Thoracotomy t test = p values

Age (years)
Weight (kg)
Male: Female ratio
Size of the duct (mm)
Operating time (rnin)
Hospital stay (days)
Transfusion
Morbidity
Pulmonary hypertension
Ejection fraction
CTT

4.19±5.46

13.108±9.223
1: 4.75
0.654±0.240
68.511±21.915

4.609±2.72
7 (15.2%)
16 (34.8%)
5 (15.2%)

70.74±8.656
7 (15.2%)
5 (10.9%)

o
Associated anomalies
Mortality

9.337±9.918
21.156±15.381
1:3.6

0.614±0.271
99.174±28.009
4.826±3.086
9 (19.56%)
15(32.61%)
6 (13.04)
70.45±7.477

28(60.9%)
4 (8.7%)

o

0.002727 (S)
0.016120 (NS)

0.466766 (NS)

0.000000 (S)
0.0720810 (NS)
0.7832702 (NS)
1.00000000 (NS)
1.0000000 (NS)

0.897139 (NS)
0.00001748 (S)
1.0000000 (NS)

Note: Results are expressed as mean ± SD
(p < 0.05, statistically significant)

Table 2. Morbidity.

Group 1 Group 2

Atelectasis 9/16 7/15
Pneumonia 2/16 5/15
Recanalization 1/16 1/15

Pleural effusion 1/16 1/15
Pneumothorax 2/16 1/15
Metabolic acidosis 1/16

Discussion

Patent ductus arteriosus is a postnatal
communication, usually between the main
pulmonary trunk and descending aorta, that is due
to persistent patency ofthe fetal ductus arteriosus.
It occurs in 5 percent to 10 percent of all congenital
heart defects, excluding premature infants. It is
more common in female than in male with a ratio of
3:1.

Embryologically, the ductus arteriosus develops
from the distal portion of the left sixth aortic arch
and normally connects the main pulmonary trunk
or proximal left pulmonary trunk with the decending

thoracic aorta approximately 5- 10 mm distal to the
origin of the left subclavian artery.

The ductus arteriosus is patent at birth and
appears as a muscular artery with an intact elastic
lamina. Post natal ductal closure occurs in two
stages. Initially medial smooth muscle contraction
resulting in functional closure 10 to 15 hours after
birth in full term infants. The next stage of closure
is usually completed by 2-3 weeks of life.

Anatomic existence of a patent ductus
arteriosus,regardless of size, is an indication for
surgery. The timing of surgery is performed at any
time between 6 months and 2 years of age or when
the diagnosis is made in an older child. In infants
with congestive heart failure, pulmonary
hypertension or recurrent pneumonia, surgery is
performed on an urgent basis.

The operative technique of ductal ligation
was described in 1907 by Munro. It was not until
1939,however that Gross and Hubbard reported
the first successful ligation of the PDA at Boston
Children Hospital. This landmark operation was
one ofthe prime factors inaugurating the field of
modern cardiac surgery. In 1967, Portmann and
colleagues introduced non surgical closure of a
PDA using an Ivalon plug. Later in 1979,
Rashkind and colleagues developed a
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polyurethane foam disc umbrella that could be
used in neonates or infants.

Currently, direct surgical ligation is the most
common method used for closure of a persistent
PDA, the standard approach for surgical closure
involves a left posterolateralJlateral thoracotomy.
In this series, the use of posterior thoracotomy
approach ofopen ligation is comparable with minimal
morbidity. Its advantages lie on the use of lesser
chest tube drainage and a shorter hospital stay of
only 2-3 days. Average operating time in
posterolateral thoracotomy was prolonged maybe
due to variables attributable to the surgeon who did
the operation. The duration of operation was
significantly prolonged on the posterolateral
approach.

Reports ofrecanalization of ducts vary widely,
but with current surgical methods, the rates should
be extremely low, ranging from 0.4 to 3 percent. In
this study, a 2 percent incidence of recanalization
was noted in both groups.

By refining the standard technique of open
ligation, we have shown that PDA ligation through
posterior approach can be adapted with minimal
morbidity and no mortality with shorter hospital
stay.

CONCLUSION

The approach for ligation of PDA either with
posterior or posterolateral thoracotomy did not affect
mortality nor morbidity on our experience. The
advantage lies on the duration of the operation and
the minimal use of CTT postoperatively. Therefore,

both can be used as a safe and effective technique
on patient for open ligation of PDA.
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