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Abstract
Background: Extralobar pulmonary sequestration is an uncommon congenital pulmonary malformation. Clinically,
pedicle torsion of extralobar pulmonary sequestration is extremely rare. Due to inadequate awareness of its atypical
presentation and imaging characteristics, clinical diagnosis is very difficult, and it is extremely easy to misdiagnose.
Case presentation: There were 6 children (3 males and 3 females), aged 3–12 years old. The main clinical symptoms
of the children were abdominal and chest pain (3 cases), abdominal pain (1 case), chest pain (1 case), and vomiting and abdominal distension (1 case). Two cases were accompanied by fever. Preoperative ultrasound revealed a
well-bordered mass with soft-tissue density, accompanied by pleural effusion. On contrast-enhanced computed
tomography scans, the mass showed no obvious enhancement. A blood supply was only present in 1 case, and there
was no feeding artery shown in the other 5 cases. Extralobar pulmonary sequestration with haemorrhagic infarction
was pathologically confirmed. On postoperative days 2–6, the children were discharged uneventfully. There were no
complications during the median follow-up of 4 months.
Conclusions: Torsed extralobar pulmonary sequestration usually occurs in childhood or adolescence, with abdominal and/or chest pain as the primary symptoms. Imaging examination shows a well-defined soft-tissue mass without
enhancement. The feeding vessel is not clearly displayed in the mass, and extralobar pulmonary sequestration is
accompanied by varying amounts of pleural effusion. Video-assisted thoracoscopic surgical resection is associated
with excellent prognosis.
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Background
Pulmonary sequestration (PS) is an uncommon congenital pulmonary malformation, accounting for 1.5% of all
congenital pulmonary malformations [1]. It is characterized by a nonfunctioning mass of lung tissue that shows
no normal communication with the tracheobronchial
tree and receives its vascular supply from the systemic
circulation [2]. PS is anatomically divided into intralobar
*Correspondence: shawn_dr@126.com
Department of Cardiothoracic Surgery, Shenzhen Children’s Hospital,
No.7019, Yitian Road, Shenzhen 518038, Guangdong, China

pulmonary sequestrations (ILS) and extralobar pulmonary sequestrations (ELS) according to whether there
is a complete visceral pleura. ELS comprises 25% of all
pulmonary sequestrations [3]. The majority of ELS is
located between the lower lobe of the lung and the diaphragm [4–6], and its feeding artery mainly originates
from the thoracic aorta, abdominal aorta, or other vessels in the systemic circulation. Venous drainage reaches
the right atrium via the azygos vein, hemiazygos vein or
vena cava [7]. The overall incidence of ELS is very low,
and concurrent pedicle torsion is extremely rare. To
date, only 13 paediatric cases have been reported in the
English literature. To improve the diagnosis of ELS with
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Table 1 The general information of the children
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pedicle torsion by paediatricians, herein, the clinical data
of 6 children with ELS with torsion of the pedicle in our
hospital were analysed.

Case presentation
Patients’ general information

Six cases comprising 3 males and 3 females were studied, with an age range of 3–12 years and a weight range
of 15.4–38.4 kg. The ELS was located on the left side in
2 cases and on the right side in 4 cases. All children were
free of comorbidities. The general information of these 6
children is summarized in Table 1.
Clinical manifestations

The initial symptoms of the 6 children on admission
included abdominal pain and chest pain in three cases,
abdominal pain in one case, chest pain in one case, and
abdominal distension and vomiting in one case, and two
of them had fever. The course of illness ranged from 1 to
10 days (median, 5 days).
Imaging examinations and diagnosis

Preoperative colour Doppler ultrasound and chest computed tomography (CT) examination revealed a wellbordered mass with soft-tissue density between the
diaphragm and the lower lobe of the lung accompanied
by a small amount of pleural effusion in 2 cases, medium
pleural effusion in 3 cases and large pleural effusion in 1
case. On contrast-enhanced CT scans, the mass showed
no obvious enhancement, the blood supply was only presented in 1 case, and no feeding artery was shown in the
other 5 cases. On serial imaging, the pleural effusion and
the mass diameter increased progressively in one child
(Fig. 1).
A total of 3 patients were diagnosed as pulmonary
sequestration or pulmonary sequestration with torsion
by CT-scan or Colour Doppler ultrasound before surgery,
and the remaining 3 cases were not clearly diagnosed by
CT-scan or ultrasonography. One patient with imaging
findings of pleural malignancy was finally diagnosed by
thoracoscopy. A thoracoscope was used for exploration
in one undiagnosed children. Pathological examination
of the resected tissue specimens confirmed extralobar
pulmonary sequestration with haemorrhagic infarction.
Of the six cases with pulmonary sequestration, two were
accompanied by myofibroblast proliferation.
Treatment and prognosis

Eventually, all 6 children underwent thoracoscopic pulmonary sequestration resection. After entering the chest
cavity, a dark red or purplish-red mass with intact capsule, congestion and necrosis was seen, accompanied by
varying amounts of bloody pleural effusion in the pleural
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cavity. The feeding artery that originated from the intercostal artery in 3 cases and the descending aorta in 3
cases was observed intraoperatively. The ELS vascular
pedicle was twisted several times at its origin. The vascular pedicles of all lesions were clipped with metal clips
and then cut off.The median procedure time was 60 min
(range, 60–120 min), and intraoperative haemorrhage
ranged from 1 to 10 ml (median, 4 ml). The children did
not have any intraoperative or postoperative complications, and their symptoms were relieved immediately
after surgery. On postoperative days 2–6, they were discharged home uneventfully. There were no complications during a median follow-up of 4 months (range,
0.4–8.7 months).

Discussion
Symptomatic ELS caused by pedicle torsion is extremely
uncommon in clinical practice, and early diagnosis is
challenging.It has been reported that only 1 case of vascular pedicle torsion occurred in 13 cases of ELS treated in
a single centre from 2000 to 2009 [8]. In the past 14 years,
a total of 32 cases of ELS were diagnosed in our hospital, of which only 6 cases were combined with torsion of
the vascular pedicle, accounting for 18.75% of cases. To
date, a total of 13 paediatric cases of ELS with torsion
have been reported in the English literature [4–6, 8–17].
To the best of our knowledge, this is the largest number
of cases reported in the literature. Among the 13 cases of
ELS reported in the previous literature, including 9 males
and 4 females, 12 cases were located on the left side and
1 case on the right side. The patients were between 4 and
13 years old. The left/right ELS ratio was 1:2 in our centre’s cases. The proportion of ELS on the right side was
larger in our study, while previous literature found that
ELS tended to occur on the left side [4–7], which may
be one of the reasons for the low preoperative diagnosis rate. In our cases, one child was an adolescent, three
were school age, and two were preschool age. The male to
female ratio was 1:1. The age range in our study was similar to that reported in the literature, but the sex ratio differed. ELS is associated with other congenital anomalies,
such as congenital diaphragmatic hernia, congenital pulmonary airway malformation or congenital heart disease.
However, it is very interesting that none of the 6 children
in our study had other congenital malformations.
Clinically, ELS with torsion shows no specific manifestations or symptoms, and it is difficult to diagnose.
The literature showed that chest pain or discomfort was
recorded as the main symptom among adult patients
[18, 19], whereas abdominal pain was the primary clinical manifestation in children [5, 8–11, 13–16], followed
by chest pain [6, 12–15]. Some children had fever [10,
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Fig. 1 Axial Contrast-enhanced CT image of the chest A
indicates that a well-bordered, soft-tissue density mass without
enhancement in the right thoracic cavity, coronal CT image B shows
a well-defined soft tissue mass between the diaphragm and the
spine, video-assisted thoracoscopy C reveals a purplish-red mass with
congestion and necrosis in the pleural cavity, and D shows a twisted
vascular pedicle
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15] and gastrointestinal symptoms such as vomiting [6,
9, 11–13].
Abdominal pain seems to be the primary symptom of
ELS with torsion in children. 80% of ELS in children is
located between the lower lobe of the lung and the diaphragm, typically in the left hemithorax [9]. The type of
abdominal pain is likely similar to the pain experienced
by patients with right lower lobe pneumonia [9], which
makes it easy to misdiagnose [5]. The scope of the CT
scan should include the lower thorax to the level of
the pulmonary veins when evaluating acute abdominal
pain to rule out the possibility of lung disease [14]. The
cause of the abdominal pain may be due to local inflammation caused by ischaemic necrosis after torsion of
the ELS vascular pedicle. The children’s symptoms
disappeared immediately after removing the lesion [4,
12, 13]; however, antibiotic treatment could not have
achieved this effect [13].
Imaging examinations, such as Doppler ultrasound,
CT and magnetic resonance imaging (MRI), can play
an important role in confirming the diagnosis. The
discovery that the blood supply artery originates from
the branch of a systemic artery rather than a pulmonary artery is strong evidence for the diagnosis of ELS
[6, 14]. Unfortunately, torsion of the vascular pedicle hinders the visibility of the blood supply, resulting
in unrecognizable blood supply vessels and atypical
imaging findings [14]. Therefore, it is difficult for radiologists to diagnose ELS correctly before surgery. Additionally, there were atypical clinical symptoms in the
children. These issues lead to higher rates of delayed
diagnosis or misdiagnosis [9]. The preoperative diagnosis rate of ELS presenting with torsion is extremely low
in childhood and adolescence. Among the 13 reported
paediatric cases of torsed ELS in the literature, only 4
cases were diagnosed before the operation [4, 6, 10, 11].
In the early years, owing to a lack of awareness about
the imaging characteristics of ELS with torsion among
radiologists in our hospital, the first 3 cases were not
identified before the procedure. After studying, analysing and summarizing the imaging characteristics
of enhanced CT among radiologists, the last 3 cases
were accurately identified before surgery. On contrastenhanced CT scan, the main imaging signs of ELS
with torsion are as follows: the mass has no obvious
enhancement or only edge enhancement, and its feeding artery is unclear or not displayed accompanied by
pleural effusion [5, 9–11, 14–16, 19]. Additionally, a
rapid increase in pleural effusion or the mass size in a
short period of time is considered to be one of the characteristic manifestations of acute torsion. Compared
with CT, MRI seems to have more advantages in distinguishing ELS with pedicle torsion: lack of enhancement

Ti et al. Journal of Cardiothoracic Surgery

(2022) 17:168

in the peripheral portion of the lesion with haemorrhaging within the mass, and vascular pedicle was well
visualized [10].
The exact reason for torsion of ELS remains unclear.
The literature suggests that activity or respiratory exertion may be the predisposing factor for vascular pedicle
torsion; for example, some patients had performed vigorous activity (track competition, tennis) prior to the onset
of illness [4]. Unlike the literature, reviewing the medical
history of the children in our cases revealed that they did
not have a history of similar vigorous activity before the
onset. An effective treatment for ELS is surgery. Minimally invasive video-assisted thoracoscopic surgery is a
safe and effective treatment for PS and has considerable
long-term effects [20]. Therefore, thoracoscopy remains
the preferred procedure for both the diagnosis and treatment of this disease, especially for bilateral lesions [7, 8,
13–16, 21].

Conclusions
The ELS with torsion usually occurs in children or adolescents and has abdominal and/or chest pain as the
primary symptom. Imaging examination shows a welldefined mass comprised of soft tissue between the lower
lobe of the lung and the diaphragm. Contrast-enhanced
CT shows that each mass had no enhancement or only
marginal enhancement. The feeding vessel was not clearly
displayed, and it was accompanied by varying amounts of
pleural effusion. Video-assisted thoracoscopic surgical
resection for ELS is associated with excellent prognosis.
Abbreviations
PS: Pulmonary sequestration; ELS: Extralobar pulmonary sequestration; ILS:
Intralobar pulmonary sequestration; CT: Computed tomography; MRI: Magnetic resonance imaging.
Acknowledgements
Not applicable.
Author contributions
The manuscript was written by YT. YW participated in the surgeries as the
chief surgeon, collected the data of children and analysed the data. FZ revised
the manuscript and participated in the surgeries. JH and QZ were responsible for proofreading and editing. All authors read and approved the final
manuscript.
Funding
Supported by Shenzhen Key Medical Discipline Construction Fund (NO.
SZXK036).
Availability of data and materials
The data were presented in the main manuscript.

Declarations
Ethics approval and consent to participate
This is a retrospective study, so there is no need for ethical approval.

Page 5 of 6

Consent for publication
All of the authors agree to the publication of the article.
Competing interests
The authors declare that they have no competing interests.
Received: 9 January 2022 Accepted: 18 June 2022

References
1. Li J, Jiang Y, Xiao J, Liang G. Extralobar pulmonary sequestration with a
cyst: a case report. Ann Transl Med. 2020;8(15):969. https://doi.org/10.
21037/atm-20-3815.
2. Huang D, Habuding A, Yuan M, Yang G, Cheng K, Luo D, et al. The clinical
management of extralobar pulmonary sequestration in children. Pediatr
Pulmonol. 2021;56(7):2322–7. https://doi.org/10.1002/ppul.25433.
3. Gabelloni M, Faggioni L, Accogli S, Aringhieri G, Neri E. Pulmonary
sequestration: what the radiologist should know. Clin Imaging.
2021;73:61–72. https://doi.org/10.1016/j.clinimag.2020.11.040.
4. Walcutt J, Abdessalam S, Timmons Z, Winningham P, Beavers A. A rare
case of torsion and infarction of an extralobar pulmonary sequestration
with MR, CT, and surgical correlation. Radiol Case Rep. 2021;16(12):3931–
6. https://doi.org/10.1016/j.radcr.2021.09.045.
5. Zucker EJ, Tracy DA, Chwals WJ, Solky AC, Lee EY. Paediatric torsed
extralobar sequestration containing calcification: imaging findings with
pathological correlation. Clin Radiol. 2013;68(1):94–7. https://doi.org/10.
1016/j.crad.2012.05.008.
6. Yang L, Yang G. Extralobar pulmonary sequestration with a complication of torsion: a case report and literature review. Medicine (Baltimore).
2020;99(29):e21104. https://doi.org/10.1097/MD.0000000000021104.
7. Zhang N, Zeng Q, Chen CH, Yu J, Zhang X. Distribution, diagnosis, and
treatment of pulmonary sequestration: report of 208 cases. J Pediatr Surg.
2019;54(3):1286–92. https://doi.org/10.1016/j.jpedsurg.2018.08.054.
8. Lima M, Randi B, Gargano T, Tani G, Pession A, Gregori G. Extralobar
pulmonary sequestration presenting with torsion and associated hydrothorax. Eur J Pediatr Surg. 2010;20(3):208–10. https://doi.org/10.1055/s-
0029-1241837.
9. Chen W, Wagner L, Boyd T, Nagarajan R, Dasgupta R. Extralobar pulmonary sequestration presenting with torsion: a case report and review of
literature. J Pediatr Surg. 2011;46(10):2025–8. https://doi.org/10.1016/j.
jpedsurg.2011.07.017.
10. Choe J, Goo HW. Extralobar pulmonary sequestration with hemorrhagic
infarction in a child: preoperative imaging diagnosis and pathological
correlation. Korean J Radiol. 2015;16(3):662–7. https://doi.org/10.3348/kjr.
2015.16.3.662.
11. Gawlitza M, Hirsch W, Weißer M, Ritter L, Metzger RP. Torsion of extralobar
lung sequestration-lack of contrast medium enhancement could facilitate MRI-based diagnosis. Klin Padiatr. 2014;226(1):38–9. https://doi.org/
10.1055/s-0033-1351319.
12. Huang EY, Monforte HL, Shaul DB. Extralobar pulmonary sequestration
presenting with torsion. Pediatr Surg Int. 2004;20(3):218–20. https://doi.
org/10.1007/s00383-004-1156-0.
13. Kirkendall ES, Guiot AB. Torsed pulmonary sequestration presenting with
gastrointestinal manifestations. Clin Pediatr (Phila). 2013;52(10):981–4.
https://doi.org/10.1177/0009922812453197.
14. Shah R, Carver TW, Rivard DC. Torsed pulmonary sequestration presenting as a painful chest mass. Pediatr Radiol. 2010;40(8):1434–5. https://doi.
org/10.1007/s00247-010-1558-1.
15. Son SA, Do YW, Kim YE, Lee SM, Lee DH. Infarction of torsed extralobar
pulmonary sequestration in adolescence. Gen Thorac Cardiovasc Surg.
2020;68(1):77–80. https://doi.org/10.1007/s11748-019-01105-7.
16. Uchida DA, Moore KR, Wood KE, Pysher TJ, Downey EC. Infarction of an
extralobar pulmonary sequestration in a young child: diagnosis and excision by video-assisted thoracoscopy. J Laparoendosc Adv Surg Tech A.
2010;20(4):399–401. https://doi.org/10.1089/lap.2009.0217.
17. Yokota R, Sakamoto K, Urakawa H, Takeshita M, Yoshimitsu K. Torsion
of right lung sequestration mimicking a posterior mediastinal mass

Ti et al. Journal of Cardiothoracic Surgery

18.
19.

20.

21.

(2022) 17:168

Page 6 of 6

presenting as acute abdomen: usefulness of MR imaging. Radiol Case
Rep. 2019;14(5):551–4. https://doi.org/10.1016/j.radcr.2019.02.008.
Kanauchi N, Kato H, Endo M, Okazaki T. Torsion of extralobar pulmonary
sequestration. Eur J Cardiothorac Surg. 2011;39(3):e31. https://doi.org/10.
1016/j.ejcts.2010.11.002.
Takeuchi K, Ono A, Yamada A, Toyooka M, Takahashi T, Shigematsu Y, et al.
Two adult cases of extralobar pulmonary sequestration: a non-complicated case and a necrotic case with torsion. Pol J Radiol. 2014;79:145–9.
https://doi.org/10.12659/PJR.890662.
Wang S, Li Y, Wang J. Video-assisted thoracoscopic surgery for pulmonary
sequestrations: series of 35 consecutive patients in a single center. Thorac
Cardiovasc Surg. 2019;67(1):73–8. https://doi.org/10.1055/s-0038-16685
96.
Bleve C, Conighi ML, Biondini D, Ceccarelli PL, Giarraputo L, Savastano S,
et al. Thoracoscopic treatment of a rare bilateral extralobar lung sequestration in a 3-years old girl. Pediatr Med Chir. 2021. https://doi.org/10.
4081/pmc.2020.237.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

