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ABSTRACT

Background: Left posterolateral incision has been a con-
ventional incision for patent ductus arteriosus ligation. This 
study aimed to evaluate the efficacy and safety of left axillary 
thoracotomy for patent ductus arteriosus ligation.

Methods: Between January 2013 and December 2019, the 
clinical data of 76 patients who underwent left axillary thora-
cotomy for patent ductus arteriosus ligation were compared 
with the data of a paired group of 101 patients who under-
went left posterolateral thoracotomy.

Results: Compared with the left posterolateral group, the 
left axillary group showed less drainage (P < 0.05). Opera-
tion time, postoperative mechanical ventilation time, and 
postoperative hospitalization duration were similar between 
the groups. Complications were rare in both groups with no 
mortality during follow up. In total, 72 patient families (95%) 
in the left axillary group and 81 patient families (80%) in the 
left posterolateral group were satisfied with their cosmetic 
results (P < 0.01).

Conclusions: A left axillary thoracotomy is as safe and 
effective as a left posterolateral thoracotomy for patent ductus 
arteriosus ligation. With lower trauma and better cosmetic 
results, this procedure provides a good alternative to the stan-
dard left posterolateral thoracotomy.

INTRODUCTION

Patent ductus arteriosus is one of the most common con-
genital heart diseases, accounting for about 5-10% of all con-
genital heart diseases [Dice 2007; Schneider 2012]. Closure 
of the arterial ductus is recommended to be completed before 
the age of 2 to reduce the occurrence of infective endocar-
ditis and pulmonary hypertension [Heuchan 2014; Mitra 
2013]. For patent ductus arteriosus that is ineffective in medi-
cal treatment, ductus arteriosus ligation is the conventional 
therapy [Garcia 2017]. Minimally invasive techniques, such as 
interventional therapy, thoracoscopy and robotic surgery, are 
more and more used in the therapy of patent ductus arterio-
sus to obtain better aesthetic results [Baruteau 2014; Jin 2015; 

Nezafati 2011; Suematsu 2005]. They are proven to be safe 
and effective, but they have limited indications and higher 
costs. Surgical ligation often uses a left posterolateral incision 
to reduce the trauma of the median incision and avoid median 
scars [Susheel 2019].

Our center uses the left axillary incision instead of the tra-
ditional left posterolateral incision. This article compares the 
clinical and aesthetic effects of the left axillary incision and 
the traditional left posterolateral incision.

METHODS

Patient selection: From January 2013 to December 2019, 
187 patients in Beijing Anzhen Hospital underwent simple 
patent ductus arteriosus ligation. Among them, 10 cases were 
operated through median incision, 76 cases were operated 
through left axillary incision (left axillary group), and 101 
cases were operated through left posterolateral incision (left 
posterolateral group). The choice of incision was decided 
by the doctor and the patient family. For patients with mild 
or moderate pulmonary hypertension, a left axillary or left 
posterolateral incision was used. Patients with severe pulmo-
nary hypertension were treated through a median incision. 
The baseline data of patients with left axillary incision and 
left posterolateral incision were collected before surgery; data 
included age, gender, weight, diagnosis, diameter of arterial 
ductus arteriosus, etc.

This retrospective study was approved by the Medical 
Ethics Committee of Beijing Anzhen Hospital and the need 
for patient consent to publish the perioperative data from 
these patients was waived.

Operative technique: In the operation, venous inhala-
tion anesthesia at room temperature was used, and the blood 
pressure was continuously monitored by placing a catheter 
in the artery of the lower extremity. The surgical technique 
of the left axillary incision is similar to the previously pub-
lished right axillary incision to treat simple congenital heart 
diseases. The patient is placed in the right decubitus position, 
and the left side is elevated 60° to 80°. The left arm is raised 
and fixed above the side of the head. The anterior axillary line 
(as the front boundary of the incision) and the posterior axil-
lary line are marked. The length of the incision is 5 to 10 cm, 
the upper edge is in the third intercostal space, and the lower 
edge is in the sixth intercostal space. Cut open the skin, sub-
cutaneous tissue, and anterior fascia of the latissimus dorsi, 
enter the thoracic cavity through the third or fourth intercos-
tal space between the serratus anterior muscle branches, and 
use two retractors to help expose the visual field. Tremor can 
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be palpable on patent ductus arteriosus. Pull the lung anteri-
orly to expose the mediastinum and use wet gauze to protect 
the lung tissue. The mediastinal pleura is incised along the 
midline of the longitudinal axis of the descending aorta, from 
above the origin of the left subclavian artery to the level of the 
left hilum. (Figure 1) Free the inferior fossa, upper window, 
and posterior wall of the ductus arteriosus, and guide two 10 
gauge silk sutures with a right-angle forcep. (Figure 2) After 
blocking the ductus arteriosus, the blood pressure rises, and 
the pulse differential pressure decreases. After lowering the 
blood pressure, the silk sutures are ligated separately. A slip 
suture is used to suture and ligate between the two silk sutures. 
After the tremor disappears, the mediastinal pleura is closed 
with no active bleeding in the operation field. A chest drain-
age tube is indwelled, and the chest incision closed layer by 
layer after the lung is expanded. Sufentanil was used to relieve 
pain after surgery until the drainage tube was pulled out.

The follow-up schedule of the two groups was similar. 
After discharge, the clinical data and color Doppler echocar-
diograms were evaluated at 1 and 6 months and yearly there-
after. All patient families in both groups completed a ques-
tionnaire of two simple questions, including “Are you satisfied 
with the aesthetics of the incision?” and “What bothers you 
about the incision, the length, the position, or other aspects?”

Variables: The data collected include operation time, 
intraoperative blood loss, postoperative ventilator assisted 
ventilation time, postoperative drainage, postoperative hospi-
tal stay, postoperative complications, and satisfaction with the 
aesthetic effect of the incision.

Statistical analysis: In this study, SPSS 19.0 software 
was used for statistical analysis. A Kolmogorov-Smirnov test 
was used to test the normality of the measurement data. An 
unpaired t-test was used to compare continuous variables 
with a normal distribution between groups, and if the con-
tinuous variables or the differences did not conform to the 
normal distribution, a Wilcoxon signed-rank test was used. 
The associations between qualitative variables were analyzed 
by chi-square, continuity correction, or Fisher's exact test. All 
tests were two-sided, and a probability level less than .05 was 
used as a criterion of significance.

Baseline data: Patient baseline information is shown 
in Table 1. (Table 1) Compared with the left posterolateral 
group, patients in the left axillary group were younger, lower 

weight, and had more funnel patent ductus arteriosus. There 
was no significant difference in the proportion of men and the 
diameter of arterial ductus arteriosus between the two groups.

Figure 1. Operative field exposure during left axillary thoracotomy.

Figure 2. Patent ductus arteriosus exposure before ligated.

Table 1. Comparison of baseline data

Items Left axillary group (N = 76) Left posterolateral group (N = 101) P-value

Age (years) 0.58 (0.33, 0.83) 0.75 (0.50, 1.71) 0.002

Sex (men/women) 22/54 35/66 0.421

Weight (kg) 6.5 (5.5, 7.5) 7.4 (6.0, 10.0) 0.003

PDA size (mm) 7.0 (6.0, 10.0) 8.0 (6.0, 10.0) 0.185

PDA type (tubular/funnel) 21/55 57/44 0.000

PDA: patent ductus arteriosus
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Perioperative assessment: The intraoperative and post-
operative results of the two groups are shown in Table 2. 
(Table 2) There was no need to transfer other incisions in both 
groups. One case in the left posterolateral group required car-
diopulmonary bypass, and the others were completed without 
cardiopulmonary bypass. There were no significant differ-
ences in operation time and intraoperative blood loss between 
the two groups. The left axillary group had less postopera-
tive drainage, and there was no significant difference in the 
postoperative ventilator time and postoperative hospital stay 
between the groups.

Postoperative complications were rare in both groups. In 
the left axillary group, there were two cases of residual shunt, 
one case of chylothorax, and one case of atelectasis. In the 
left posterolateral group, there were three cases of residual 
shunt, one case of chylothorax, and three cases of atelecta-
sis. There were no complications, such as abnormal incision 
healing, pneumothorax, re-open for bleeding, and laryngeal 
nerve injury.

Follow up: The average follow-up time was 22.6±6.8 
months (range 3-40 months). There were no deaths in either 
group. In the left axillary incision group, one patient with 
residual shunt healed spontaneously, and one patient under-
went resurgical treatment. All three patients with residual 
shunt in the left posterolateral group were re-admitted to the 
hospital for interventional patent ductus arteriosus device 
closure. In the left posterolateral group, left shoulder lifting 
range was limited in three patients within three months after 
surgery. There was no breast asymmetry, thoracic deformity, 
or scoliosis in either group. The postoperative questionnaire 
survey showed that 95% of patients or their families in the 
left axillary group were satisfied with the aesthetics of the 
incision, while the satisfaction rate in the left posterolateral 
group was 80% (P = 0.007).

DISCUSSION

Patent ductus arteriosus is one of the most common con-
genital heart diseases. Since Gross successfully completed the 
first case of arterial ductus ligation in 1938, various surgical 
methods have been used to close the arterial ductus [Garcia 
2017; Susheel 2019]. With the continuous improvement of 
the safety of cardiovascular surgery, cosmetic results and 
reduction of trauma have received increasing attention. Sur-
geons have tried to use various minimally invasive surgical 
methods to replace conventional surgical incisions and strive 
to achieve this without affecting the surgical results.

Interventional treatment of patent ductus arteriosus has the 
advantages of simple operation, high success rate, and fewer 
complications. In recent years, the interventional closure of 
patent ductus arteriosus has tended to be the first choice, but 
its operation needs to be carried out with the aid of imaging, 
requiring relatively high basic knowledge and proficiency of 
the operator, and the damage to the child and the operator 
under X-ray also needs attention [Baruteau 2014; Jin 2015]. 
Although interventional patent ductus arteriosus closure has 
less trauma and quicker recovery, it has narrow indications 
and is expensive [Kim 2019]. It is still contraindicated for 
young and low birth weight infants [Thanopoulos 2001]. Sur-
gery assisted by thoracoscopy can minimize the surgical inci-
sion and has the advantages of beautiful incision, less trauma, 
light postoperative pain, and quick postoperative recovery 
[Villa 2004; Gillor 2008]. Thoracoscopic surgery maintains 
the integrity of the thoracic cage and avoids the adverse con-
sequences of thoracic asymmetry, pterygoid scapula, scoliosis, 
and asymmetry of breast development that may be caused by 
extensive damage to the chest wall muscles [Nezafati 2011]. 
The limitation lies in the lack of flexibility in the operation 
under thoracoscopy. The operation instruments can only 

Table 2. Comparison of perioperative data

Items Left axillary group (N = 76) Left posterolateral group (N = 101) P-value

Operative time (min) 80 (60, 90) 70 (60, 90) 0.720

Intraoperative blood loss (ml) 10 (5, 20) 10 (5, 20) 0.109

Mechanical ventilation time (hour) 8 (7, 13) 8 (6, 14) 0.155

Postoperative stay (day) 7 (6, 8) 7 (6, 8) 0.803

Death 0 0

Cardiopulmonary bypass 0 1 1.000

Re-open for bleeding 0 0

Chylothorax 1(0.013%) 1 (0.010%) 1.000

Atelectasis 1(0.013%) 3 (0.030%) 0.824

Pneumothorax 0 0

Laryngeal nerve injury 0 0

Abnormal incision healing 0 0

Residual shunt 2(0.026%) 3 (0.030%) 1.000

Satisfied with the cosmetic results 72 (95%) 81 (80%) 0.007
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be clamped through the tip. Suture and knotting are time-
consuming. It requires the surgeon to have a solid founda-
tion in cardiac surgery in order to shorten the operation time 
and deal with emergencies in time. Circumstances, while 
being restricted by equipment, etc., the use is restricted in 
children with small weight [Odegard 2000]. The robotic 
surgical system has beautiful incisions and can provide high-
definition, three-dimensional, and enlarged surgical fields. Its 
mechanical arm has a high degree of freedom, and large range 
of motion in the chest cavity can also eliminate hand shaking 
and is accurate and flexible. Robots can realize telemedicine 
and have broad application prospects [Suematsu 2005; Le 
Bret 2002]. The main limitations at present are the high cost 
of the technology, no tactile feedback system, and long learn-
ing curve, making it difficult to widely develop [Bacha 2014]. 
The lack of equipment suitable for children's surgery and the 
small chest volume of children limit the operating space.

Currently, the left posterolateral incision is widely used in 
patent ductus arteriosus ligation, which has the advantages 
of good exposure and convenient operation [Heuchan 2014; 
Susheel 2019]. Once bleeding occurs, it is easy to rescue and 
stop the bleeding. Its mortality, recanalization rate, and resid-
ual rate are very low [Lehenbauer 2018; Reese 2018]. How-
ever, the left posterolateral incision is unsightly and takes 
longer operating time to cut the muscles and get into the 
chest cavity compared with axillary incision. Severe postop-
erative pain caused by muscle cutting is not conducive to the 
exercise of the patient’s respiratory function.

Our center has achieved good results with the right axillary 
incision to treat simple intracardiac malformations [Liu 2000; 
Yang 2019; Li 2015]. On this basis, the left underarm incision 
has been used to treat patent ductus arteriosus since 2013. In 
the early stage, it is only used for preschool children. With 
the accumulation of experience, the application range of this 
incision is gradually expanded. Small body weight and adults 
are not contraindicated in surgery. All ages, cast, funnel, mod-
erate or mild pulmonary hypertension, wide chest in adults, 
and deep side thoracotomy also can be done. The pulmo-
nary artery suture or patch repair under the median inci-
sion and cardiopulmonary bypass is mainly used for patent 
ductus arteriosus with severe pulmonary hypertension, large 
window patent ductus arteriosus or patent ductus arteriosus 
with other intracardiac malformations, and recanalization of 
PDA. Premature infants, infants and young children, includ-
ing those with respiratory failure and heart failure, are not 
contraindicated. Early surgery should be recommended to 
avoid unnecessary damage.

The left axillary incision has the following advantages. 
First, the left axillary incision has a good aesthetic effect. 
This incision is small, located under the armpit, hidden in the 
position by the resting arm. The incision does not exceed the 
anterior axillary line, the location is far away from the breast, 
it does not affect breast development, and avoids postopera-
tive breast asymmetry in female patients. Second, the chest 
wall under the armpit is thin and there are no large muscle 
groups. Through the incision here, it can quickly enter the 
chest cavity, which can shorten the operation time and reduce 
the trauma. The conventional left posterolateral incision 

also cuts the latissimus dorsi and a small amount of trapezius 
muscle in addition to the intercostal muscles. The incision 
is longer and may cause thoracic deformities. In contrast, 
the left axillary incision into the chest damages less muscles, 
and there will be no problems, such as left shoulder sinking 
and passive posture protruding behind the subscapular angle 
after the left posterolateral incision. The surgical trauma is 
small, postoperative recovery is quick, postoperative pain is 
less, intraoperative bleeding and postoperative drainage are 
less, and blood transfusion is not required. Enter the chest 
here away from the front and rear rib joints, and the range of 
motion is large, and joint dislocation is not easy [Prêtre 2005]. 
Third, the left axillary incision surgery does not require spe-
cial equipment and materials. The operation is performed 
under direct vision, no additional cost or training is required, 
and it has a wide range of applications.

During the operation, attention should be paid to the fol-
lowing aspects: the left axillary incision is usually used for 
children with the third intercostal space to enter the chest, 
and the fourth intercostal space is easily exposed for patients 
older than 10 years. Adults or older children use dual-lumen 
endotracheal intubation and single-lung ventilation to help 
expose. It should be noted during the operation that the 
mediastinal pleura is cut longitudinally, from the left subcla-
vian artery to the left lung hilum. Try to expose and protect 
the left recurrent laryngeal nerve. Do not pull the vagus nerve 
and the recurrent laryngeal nerve excessively at this time, oth-
erwise it may cause injury and cause hoarseness after surgery. 
Strip the loose tissue along the side of the aorta and suspend it 
on the inside. It can expose the ductus and protect the recur-
rent laryngeal nerve and expose the space between the lower 
window of the patent ductus arteriosus. When threading and 
ligating the knot on the side of the pulmonary artery, only 
the mediastinal pleura should be lifted. Avoid the recurrent 
laryngeal nerve under sight. After separating the upper and 
lower gaps, the small right-angle cyanosis passes from top to 
bottom. If the ductus is too large and it is expected to be dif-
ficult to separate, the proximal and distal thoracic aorta can 
be cuffed separately in order to block the aorta in case of 
bleeding from the PDA to control fatal bleeding. Before liga-
tion, deepen anesthesia or use antihypertensive drugs, such 
as sodium nitroprusside, to reduce blood pressure to reduce 
the risk of ductus rupture and bleeding. When ligating, use 
silk thread to ligate the arterial ductus with moderate force. 
When pulling out the silk thread, the action should be gentle, 
and the angle of the thread should be expanded to prevent 
shearing force from tearing the ductus wall. Excessive force 
or improper force may cause severe bleeding from the cut-
ting or tearing of the arterial ductus. If it is loose, there may 
be residual shunt from the duct. First, ligate the aortic side 
first, apply slowly and firmly, tie the knot in place, and do not 
pull at an angle. If combined with pulmonary hypertension, 
the first knot can be tied only 80% to 90%, as appropriate, 
and the second is close to the pulmonary artery, and the liga-
tion line must be absolutely tight. The distance between the 
two ligation silk threads should be increased as much as pos-
sible to enhance the atresia of the patent ductus arteriosus. 
After the ligation, a slip thread is used to penetrate the suture 
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between the two threads to reduce residual shunt and postop-
erative ductus recanalization. Early postoperative atelectasis 
occurs in children. After taking out the gauze before closing 
the chest, pay attention to fully expand the lungs until all lung 
tissues are fully expanded.

Our study had some limitations. First, this study was an 
observational retrospective study and a single-institution 
survey. Second, no data concerning levels of pain were 
obtained. Third, compared with the left posterolateral inci-
sion, the left axillary incision for patent ductus arteriosus 
ligation has limited exposure to the surgical field, so this 
technique is most suitable for preschool children. Surgeons 
should practice this technique repeatedly in preschool chil-
dren before expanding the application range to infants and 
adults in order to avoid additional risks.

CONCLUSION

Patent ductus arteriosus ligation through the left axillary 
incision is safe, feasible, and aesthetically effective. The left 
axillary incision can be used as an alternative to the left pos-
terolateral incision to treat patent ductus arteriosus, which 
has good clinical promotion value.
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