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Abstract 

Introduction: Pulmonary sequestration is a lower respiratory malformation of the tract, which 

consists of a nonfunctional mass of lung tissue without communication with the tracheobron-

chial tree and the blood supply from one or more aberrant systemic arteries. This study aimed 

to analyze the outcomes of pediatric patients with pulmonary sequestration treated with sur-

gical resection (thoracotomy, video-assisted thoracoscopy) or endovascular embolization. 

Methodology: a descriptive, observational, retrospective, cross-sectional study in a tertiary 

pediatric hospital in Ecuador from January 2017 to December 2022. Data were collected from 

chart review. 

Results: 9 patients under the age of 18 were included, with a diagnosis of pulmonary seques-

tration, six females and three males, five were treated with surgery, 4 (44%) by thoracotomy 

and 1 (11%) by video-assisted thoracoscopy, 4 (44%) with endovascular embolization, the 

mean age of patients who underwent surgery was 41.36 months (range: 0.1-144 months), and 

of those who underwent embolization was 12.9 months (range: 0.6-41 months). One patient 

died six days after the surgical resection of the pulmonary sequestration by thoracotomy sec-

ondary to pulmonary hypertension due to his underlying heart disease. One patient treated 

with endovascular embolization developed a decrease in pedal pulse, which resolved 24 

hours after starting streptokinase. 

Conclusion: In this study, surgery and endovascular embolization were safe procedures; 

however, no significant differences were found between both treatment options; more pro-

spective studies are needed that include a large population sample of patients treated by 

endovascular embolization. 
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Introduction 
Pulmonary sequestration (PS) is a malformation of the 

lower respiratory tract, consisting of a nonfunctional 

mass of lung tissue without communication with the 

tracheobronchial tree, and its blood supply comes 

from one or more aberrant systemic arteries [1]. Two 

types of PS have been described, intralobar pulmo-

nary sequestration (IPS) and extralobar pulmonary 

sequestration (EPS); in both cases, an aberrant sys-

temic artery provides the blood supply, and the IPS is 

found within the normal lung parenchyma sharing the 

same visceral pleura. Its blood drainage is into the pul-

monary veins, and the EPS has its visceral pleura. Its 

drainage is into the systemic veins [2]. 

SP represents approximately 0.15% to 6.40% of all 

congenital pulmonary malformations [3]. Several lo-

cations have been described, but it is well known that 

more than 90% are located in the chest, and less than 

10% are located below the diaphragm [4]. 

Several therapeutic options have been described 

over the years for PS, such as surgical resection of the 

sequestered lobe or segment by thoracotomy or 

video-assisted thoracoscopy, and endovascular em-

bolization (EE) has also been described as an alterna-

tive treatment to surgery [5, 6]. 

There is currently no consensus on the best thera-

peutic option for PS in children, and the management 

of asymptomatic patients with PS as an incidental 

finding is still being discussed [7]. 

This study aims to analyze the results of pediatric 

patients with PS diagnosed in our center who were 

treated with surgical resection (extended thoracot-

omy, video-assisted thoracoscopic) or endovascular 

embolization. 

Population and methods 
Design of the investigation 

This is a retrospective, cross-sectional, observational 

study. 

Scenery 

The study was carried out in the pediatric surgery ser-

vice of the Dr. Roberto Gilbert Elizalde Children's Hos-

pital of the Guayaquil Benevolent Board in Guayaquil-

Ecuador. The study period was from January 1, 2017, to 

January 31, 2022. 

Inclusion criteria 

Hospitalized pediatric patients with an established di-

agnosis of congenital bronchopulmonary sequestra-

tion entered the study. The tenth edition (ICD-10) inter-

national classification of diseases was used for the re-

search: Q33.2. Incomplete records were excluded from 

the analysis. 

Studio size 

The universe was patients admitted to the institution. 

The sampling was nonprobabilistic for convenience, 

and all possible cases were included in the study pe-

riod. 

Variables 

The variables were dependent on the type of surgical 

intervention: group 1: surgery, group 2: endoscopic 

surgery. Independent variables: sex, age, weight, 

symptoms, associated anomalies, characteristics of 

pulmonary sequestration, operative time, length of 

hospital stay, complications, and mean follow-up time. 

Data sources/measurement 

The data were collected in a specific electronic form 

for this purpose. The hospital's electronic system of 

clinical records was used to investigate cases. The re-

sults of successful treatment of patients treated 

through ES were evaluated with control CT and classi-

fied as follows: Good (B) when the absence of the le-

sion was evident; Intermediate (I) when there was ev-

idence of a reduction in the largest diameter of the le-

sion more than 30%; Bad (M) when there was evidence 

of a reduction in the largest diameter of the lesion of 

less than 30% or an increase in size as recommended 

in the study by Cho et al. [8]. 

To perform the EPS, the femoral artery was used, 

and aortography was performed to identify the aber-

rant vessel, where it was shown that in all cases, they 

were dependent on the abdominal aorta and the ve-

nous drainage of the PS. Then, the 4 Fr catheter was 

selectively catheterized. An aberrant vessel was oc-

cluded with an AmplatzerTM occluder device. 

In cases of open surgical resolution, a posterol-

ateral thoracotomy was performed on the affected 

side with resection of the lesion. 

In cases of surgery by video-assisted thoraco-

scopy, the patient was placed in lateral decubitus. 
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Three 5-mm ports were placed, and dissection and di-

vision of the vessels were performed with LigaSure® 

laparoscopic forceps. Then, the sample was placed in 

the collection bag, morcellation of the sample was 

performed, and it was subsequently extracted through 

one of the ports. 

In all surgeries, both open and video-assisted, a 

chest tube connected to a water seal was placed, and 

once the chest X-ray showed good lung expansion, the 

chest tube was removed. 

Statistical method 

The data analysis is univariate and descriptive with 

frequencies and percentages. A second bivariate 

analysis compares the results of the group of patients 

treated by a plastic surgeon vs. a pediatric surgeon. A 

comparison of proportions with Chi2 is used. The sta-

tistical package SPSS v.21 (version 2012, Armonk, NY: 

IBM Corp.) was used for the analysis. 

Results 
A total of 228 cases were analyzed (Figure 1). 

General characteristics of the study group 

Four patients were diagnosed with SP through com-

puterized axial tomography, in which EE was per-

formed; five patients were diagnosed based on the 

pathological results after surgery; four patients under-

went SP resection due to thoracotomy; and one pa-

tient underwent video-assisted thoracoscopy. The re-

sults of endovascular procedures and surgical resec-

tions were compared. 

Nine patients were included, six female and three 

male; five patients were treated with surgery, 4 (44%) 

by thoracotomy, 1 (11%) by video-assisted thoraco-

scopy, and 4 (44%) patients were treated with EPS. Ta-

ble 1 shows a summary of the characteristics and their 

clinical evolution of all the patients by group. 

The average age at the time of surgery was 41.36 

months (range: 0.1-144 months), and in the case of pa-

tients treated with EPS, it was 12.9 months (range: 0.6-

41 months). At the time of surgery, the average weight 

of the patients was 12.04 kg (range: 1.7-36.6 kg), and 

for those treated through EPS, it was 6.93 kg (range: 

3.4-13 kg). The symptoms presented by the patients 

before treatment were respiratory distress in 5 pa-

tients, four asymptomatic. 

The associated anomalies found in the patients 

treated with surgery were one (20%) patient with dex-

trocardia and patent ductus arteriosus and one (20%) 

patient with patent small ductus arteriosus. In the case 

of the group treated by EE, it was one with tetralogy 

de Fallot, hypoplasia of the left ventricle (25%), and one 

(25%) patient with partial anomalous drainage of the 

pulmonary veins; in all the patients, once the PS was 

treated, the associated pathologies were resolved. 

In the group of patients treated by surgery, it was 

observed that 4 (80%) patients presented left PS and 1 

(20%) right, 3 (60%) were extralobar and 2 (40%) intra-

lobar, in the group treated by EE 4 (80%) were extra-

lobar and 1 (20%) intralobar, two were right, one left, 

and one patient presented right and left infra-dia-

phragmatic PS. All thoracic PSs were found at base-

line. 

The average operative time used in the group of 

patients treated by thoracotomy was 127.5 minutes 

(range: 70-295 minutes), and the only case performed 

by video-assisted thoracoscopy was 120 minutes; in 

the case of the group treated with EE, the average was 

190 minutes (range: 125-300 minutes). 

The average time of use of the chest tube after 

surgery was 4.6 days (range 4-6 days), and none of 

the patients treated with EE required a chest tube. In 

the case of the group treated with surgery, the aver-

age hospital stay after the procedure was 10.75 days 

(range: 6-21 days), and for the group treated with EE, 

it was nine days (range: 1-22 days). Only 1 (25%) patient 

died six days after PS resection by thoracotomy due to 

severe pulmonary hypertension due to underlying 

 

 

 

 

 

Figure 1. Study participants. 

554 cases of hand and finger 

trauma. 

228 records were analyzed with 

complete data. 

326 duplicate 

cases, late 

presentation, 

primary repair 

at another 

hospital, vol-

untary with-

drawals, and 

incomplete 

cases. 
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heart disease, and 1 (25%) patient had a decreased pe-

dal pulse after EE, which improved 24 hours after start-

ing streptokinase. 

Patients were followed up for an average of 30 

months (range: 6-48 months) for those treated by sur-

gery and 42 months (range: 36-60 months) for those 

treated by the US. 

 

Table 1. Demographic characteristics of the patients. 

 Surgery 

(n=5) 

EE (n=4) P 

Female Male 3:2 3:1 1 

Age (months) 41.4 (0.1-144) 12. (0.6-41). 1 

Weight (kg) 12.04 (1.7-

36.6) 

6.93 (3.4-

13). 

0.806 

Symptoms 

Symptomatic 3 2 - 

asymptomatic 2 2 - 

Associated anomalies 

Yes 2 2 - 

No 3 2 - 

PS side 

Left 4 2 - 

Law 1 3 - 

PS Type 

Extralobar 3 4* - 

Intralobar 2 1 - 

Operative times 

Operative time (minu-

tes) 

127.5 (70-295 

min) 

190 (125-

300) 

0.085 

Length of hospital stay 

(days) 

10.8 (6-21) 9.0 (1-22) 0.806 

Follow-up time 

(months) 

30 (6-48) 42 (36-60) 0.283 

Complications 

Complications 1 1 - 

* one patient presented two infra diaphragmatic pulmonary se-

questrations; ** one patient was treated by video-assisted thora-
coscopy. EE: endovascular embolization. 

Treatment type 

The type of repair was classified as follows: 1. Nonsur-

gical management: Nine patients (3%) required anal-

gesia, two patients (1%) underwent drainage of sub-

ungual hematomas, and 22 patients (9%) were man-

aged with dressings of minor injuries. 2. Surgical man-

agement included simple sutures for soft tissue injuries 

in 85 patients (37%), nail repositioning under general 

anesthesia in 3 patients (1%), and complex sutures with 

nail repair in 62 patients (27%). Local flaps were per-

formed in 42 patients (18%), the most common being 

the VY flap preferred by plastic surgeons (83%). Three 

patients who presented total amputations underwent 

stump fabrication (1%) (Table 1). 

Associated distal phalanx fractures were stabi-

lized using percutaneous fixation, mostly with hypo-

dermic needles or immobilization of the affected fin-

ger. Eighty-four patients (36%) required outpatient fol-

low-up appointments within 7 to 30 days after dis-

charge; long-term results were not available in this 

study. Eight patients (3%) presented complications as-

sociated with extensive areas of injury, and tissue com-

promise, such as flap necrosis, was re-explored (Table 

1). 

Discussion 
The prevalence of congenital pulmonary 

malformations is 1 in 8,000 to 35,000 live births, and SP 

is a variant of this, with an estimated incidence of 0.15 

to 6.4% [3, 9]. Many hypotheses have been described 

on the etiology of PS; however, the most accepted is 

where it is described as an accessory pulmonary bud 

that forms between 4 and 8 weeks of gestation and 

results in pulmonary malformation [10]. 

Several complications of PS have been described, 

the most common being infection, recurrent 

pneumonia, respiratory distress, fetal chylothorax, 

heart failure, pleural effusion, hemoptysis, pulmonary 

hypertension, and the development of malignancy. 

Associated malformations such as malformations 

have also been reported. The most common 

association is communicating bronchopulmonary 

foregut, bronchogenic cysts, cystic adenomatoid 

malformations, scimitar syndrome, and 

diaphragmatic hernia [7, 8]. 

In other published series, the percentage of 

asymptomatic patients with PS ranged from 10 to 15% 

[11]. However, in our series, the percentage of 

asymptomatic patients was 40% for the group that was 

treated by surgery and 50% for those who were 

treated for EE; in both groups, despite being 

asymptomatic, the decision was made to be treated to 

avoid future complications as a result of PS. 

The average time to perform PS resection by 

thoracotomy published in the series by Cho et al. [8] 

was 132.9 minutes. In the case of the thoracoscopic 

route, it was 151.9 minutes, similar to our series with an 

average of 126 minutes for thoracotomies; only one 

thoracoscopic resection was performed, which lasted 



Original Article  DOI: 10.52011/159                                                                                                               Surgery | Pediatrics 

Mendoza L, et al. Rev. Ecuadorian Pediatrics. 2022:23(2) Page 135 

120 minutes; in the case of the group treated by EE, the 

average of the procedure was 190 minutes; however, 

it is worth noting that one patient presented 2 PS. 

In our series, the average hospital stay after 

surgery was 10.75 days, similar to that published in 

various series where the average hospital stay after 

surgery ranged from 7.9 to 8.1 days [5, 12]. In the case 

of the group treated with EE in our series, the average 

stay was nine days, which differs from other published 

series [6, 13] in which the average ranged between 2.3 

and 2.6 days; however, 50% of the patients treated in 

our EE series presented associated complex heart 

disease. 

According to the literature reviewed, the 

treatment of PS by surgery and by EE is safe in children 

with a low percentage of complications [6, 8, 14], which 

was observed in our series since only one patient died 

six days after surgery due to pulmonary hypertension, 

and one patient treated for EE presented a decreased 

pedal pulse, which improved 24 hours after starting 

streptokinase. 

Forty percent of asymptomatic patients were 

treated through a thoracotomy, and 50% of 

asymptomatic patients were treated through EE. 

Between 10-33% [7, 8], a consensus has not yet been 

described on whether asymptomatic patients should 

be operated on, but according to our results, treated 

asymptomatic patients presented a good evolution 

with both therapeutic options. 

The average follow-up for patients undergoing 

surgery was 30 months with good evolution and 42 

months for those treated for EE, in whom a good 

evolution was evidenced since complete regression of 

the PS was obtained, confirmed by a control chest 

tomography. In other series [7, 8], the mean follow-up 

ranged from 8.3 to 71.2 months. 

The main limitation of this study is its retrospective 

nature, and the number of patients included is limited. 

Therefore, prospective studies with a larger number of 

patients are recommended to establish which is the 

best therapeutic option. 

Conclusions 
In this study, surgery and EE were safe procedures; 

however, no significant differences were found 

between both therapeutic options, and studies with a 

larger population and prospective characteristics are 

necessary. 
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