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Abstract

Background Extralobar pulmonary sequestration—a congenital lung malformation characterized by nonfunctional
lung tissue with its own visceral pleura and without a connection to the normal tracheobronchial tree—is often surgi-
cally resected given the potential for infectious complications. We report a case of a child with extralobar pulmo-
nary sequestration in a rare and challenging intradiaphragmatic location, which made preoperative identification
and planning difficult.

Case presentation A 2-year-old boy presented for follow-up of a large left extralobar pulmonary sequestration
initially diagnosed on an antenatal ultrasound. Follow-up imaging, including prenatal MRI and postnatal CT angiogra-
phy, was inconclusive on the precise location of the extralobar pulmonary sequestration in relation to the diaphragm
but did reveal a subdiaphragmatic arterial supply from a branch off the celiac trunk. Planned resection with diagnostic
thoracoscopy revealed the mass to seemingly be below the diaphragm; however, subsequent abdominal laparoscopy
identified it to be within the diaphragm. Once the supplying vessel off the celiac trunk was controlled and divided,
the mass was circumferentially excised from the edges of the diaphragmatic muscle. The remaining diaphragmatic
defect was then closed, and the patient did well postoperatively.

Conclusions This case demonstrates the difficulty of making a definitive diagnosis of intradiaphragmatic extralobar
pulmonary sequestration without operative intervention. CT angiography and identification of the sequestration’s
arterial supply may not be conclusive in determining the precise location if in close proximity to the diaphragm.
Keywords Pulmonary sequestration, Bronchopulmonary sequestration, Congenital, Lung malformation, Extralobar,
Intradiaphragmatic, Thoracoscopy, Laparoscopy, CT angiography

Background

Pulmonary sequestration (PS), also called bronchopul-
monary sequestration, is defined as accessory foregut
formation of nonfunctional lung tissue that does not con-
tribute to the normal tracheobronchial tree and receives
anomalous arterial blood supply from the systemic

*Correspondence:

Anna-Kaelle K. J. Ramos

ramosa86@hawaii.edu

! John A. Burns School of Medicine, 651 llalo St, Honolulu, HI, USA

2 Department of Surgery, Tripler Army Medical Center, 1 Jarrett White Rd,
Honolulu, HI, USA

@ Springer Open

circulation [1, 2]. Two types of PS are known: the abnor-
mality shares visceral pleura with a normal adjacent lung
lobe (intralobar pulmonary sequestrations, IPS) or, less
commonly, the abnormality contains its own visceral
pleura outside of the normal lungs (extralobar pulmonary
sequestrations, EPS). We present the case of an intradia-
phragmatic EPS (IDEPS), an exceedingly rare subtype of
EPS, located in the left hemidiaphragm of a 2-year-old
boy.
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Case presentation

A 2-year-old boy presented to Pediatric Surgery for
follow-up of a large left chest mass initially found on a
routine antenatal anatomy ultrasound. Follow-up ultra-
sound revealed a bilobed left-sided mass with a sys-
temic arterial feeder to the lower portion, raising the
question of a sequestration. It was unclear if the lesion
was located in the upper abdomen or lower chest.
Prenatal MRI done to rule out diaphragmatic hernia
showed a well-encapsulated posterior left lower lobe
pulmonary malformation with a systemic feeding vessel
but was again inconclusive whether the mass was intra-
thoracic or intra-abdominal.

The patient was born at term via an uncomplicated
vaginal delivery. Chest x-ray at birth showed a left lower
lobe opacity consistent with possible bronchopulmonary
sequestration. He was observed in the NICU where his
vitals remained within normal limits prior to discharge
home on day 2 of life. He was followed postnatally by
Pediatric Surgery without the development of respira-
tory distress or pulmonary infection. At 20 months of
age, the patient underwent CT angiography (CTA) for
pre-procedure planning. The CTA of his chest showed a
3.6 x1.6x 3.5 cm irregular soft tissue mass within the left
lower hemithorax abutting the diaphragm anteromedi-
ally with arterial blood supply from an accessory branch
off the celiac trunk (Fig. 1); and the radiologist thought it
appeared to be extralobar and supradiaphragmatic. Upon
our review of the CTA, it remained unclear whether the
EPS was above or below the diaphragm, yet the irregular
contour of the left hemidiaphragm led us to agree that it
was more likely located intra-thoracically and abutting
the diaphragm. Thoracoscopic evaluation of the left chest
with possible laparoscopy for resection of the EPS was
planned.
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Upon entry into the chest, a mass was seen in the poste-
rior recess of the left hemidiaphragm and appeared to be
deep to a layer of tissue continuous with the diaphragm.
The diaphragm overlying the mass was noted to be thin-
ner than usual with the mass appearing as a distinct bulge
beneath the diaphragm (Fig. 2). Due to these findings, it
was concluded that the mass was located intra-abdomi-
nally and laparoscopic entry into the abdomen was gained.
Careful dissection was used to divide the uppermost short
gastric vessels, mobilize the attachment between the left
lateral segment of the liver and the diaphragm, and move
the spleen away from the diaphragm. A bulge within the
left hemidiaphragm was identified, indicating the mass was
actually intradiaphragmatic. A prominent vessel coming
from the area of the celiac trunk supplied the mass and it
was controlled and divided (Fig. 3). The peritoneum over-
lying the mass was divided and the mass (3.5%2.9%x1.3 cm,
4.8 g) was circumferentially excised from the edges of the
diaphragmatic muscle and removed in its entirety (Fig. 4).
The diaphragmatic defect in the left hemidiaphragm was
repaired primarily (Fig. 5).

The patient recovered uneventfully postoperatively and
was discharged home on postoperative day 1. The patient
followed up in our clinic on postoperative day 18 and was
recovering well without issue. Histopathological exami-
nation revealed an EPS containing a congenital pulmo-
nary airway malformation type IL

Discussion

Pulmonary sequestration is a congenital lung malforma-
tion lacking respiratory function and supplied by sys-
temic circulation, most commonly from the descending
aorta and celiac trunk. The cause of these malformations
remains unknown but likely involves abnormal budding
of the developing lungs [3]. Identification of pulmonary

Fig. 1 CT angiography at 20 months of age: 3.6 x 1.6 3.5 cm irregular soft tissue mass (red arrows) within the left lower hemithorax abutting
the diaphragm with arterial blood supply from an accessory branch off the celiac trunk
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Fig. 2 Diagnostic thoracoscopy: a superior view of the left
hemidiaphragm with a distinct bulge beneath the diaphragm. Focal
thinning of the diaphragm made apparent by the visible blood
vessels

Fig. 3 Intra-abdominal laparoscopy: a single-shot image

of an inferior view of the left hemidiaphragm with the inferior border
of the left liver lobe. A prominent vessel coming off the celiac artery
penetrates the hemidiaphragm, supplying the EPS

sequestrations can usually be done by diagnostic imaging
showing a soft tissue mass with a non-pulmonary feed-
ing vessel. Postnatally, pulmonary sequestrations may be
asymptomatic or present with dyspnea, cyanosis, chronic
cough, wheezing, and recurrent pneumonia. Overall,
sequestrations are generally considered for resection given
the potential for infections [2] and confusion with malig-
nant lesions [4]. Though extralobar sequestrations are
much less prone to infectious complications because of
their distinct pleura and systemic venous drainage [5], it
is still recommended to remove asymptomatic EPS lesions
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Fig. 4 Intra-abdominal laparoscopy: The EPS mass (3.5x2.9%x 1.3 cm,
4.8 g) was circumferentially excised from the edges
of the diaphragmatic muscle

to avoid infection and possible subsequent pneumonitis.
Minimally invasive surgical techniques improve cosmetic
outcomes and decrease recovery time for these patients.

Extralobar cases account for 25% of pulmonary seques-
trations and rarely present below the diaphragm, with up
to 15% being subdiaphragmatic [4, 5]. Even more rare are
intradiaphragmatic extralobar pulmonary sequestrations
(IDEPS). These are proposed to arise from an accessory
bud forming at the level of the diaphragm with subse-
quent embryological fusion of the diaphragm enclosing
the EPS within its musculature [4].

Contrast-enhanced CT is the gold standard for inves-
tigating the anatomy and arterial supply of pulmonary
sequestrations prior to surgical resection [6]. However,
as in the present case, it may be unclear from preopera-
tive imaging, including CTA, where the EPS is anatomi-
cally located in relation to the diaphragm. Preoperative
identification of true intradiaphragmatic sequestration
is especially challenging with subsequent difficulty in the
selection of the best surgical approach [7].

Kargl et al. sought to categorize the arterial blood sup-
ply for 21 cases of PS and CPAM as supradiaphragmatic,
subdiaphragmatic, or both. Subdiaphragmatic blood sup-
ply was categorized into those arising off the abdomi-
nal aorta and celiac trunk, with all except one of these
cases representing extralobar pulmonary sequestrations
[8]. The majority of EPS lesions are therefore supplied
by subdiaphragmatic vessels, regardless of the EPS itself
being above or below the diaphragm. Therefore, the loca-
tion of extralobar pulmonary sequestrations should not
be entirely assumed based on its arterial supply.

Due to the rarity of IDEPS, there is limited literature
regarding their diagnostic workup and management,
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Fig. 5 Intra-abdominal laparoscopy: a diaphragmatic defect in the left hemidiaphragm after excision of the EPS lesion (a). The defect was repaired

primarily (b)

and controversy continues to exist on whether a tho-
racic or abdominal surgical approach should be taken.
In their case series, Nijagal et al. agreed that preopera-
tive imaging studies may provide discordant results on
the locations of EPS [9]. They recommended that pre-
operative planning include preparation for a combined
thoracoscopic and laparoscopic approach with sub-
sequent removal of the mass using the approach that
provides superior visualization [9]. Oreglio et al. noted
that, although arterial supply originated from the celiac
trunk in their cases, approaching via the thoracic cav-
ity was still preferred for its increased visualization
and feasibility in reaching the IDEPS [10]. However, a
potential risk of using a thoracic approach is retraction
of the feeding vessel into the abdominal cavity resulting
in intra-abdominal bleeding that may be missed [10].
There are advantages and disadvantages of both thora-
coscopic and laparoscopic approaches and a combined
thoracoscopic-laparoscopic approach may be preferred
for its superior visualization.

Conclusion

In conclusion, this case presents the surgical resection
of a pulmonary sequestration found in a rare and chal-
lenging location. CTA, though gold standard and essen-
tial for preoperative planning, may not be conclusive in
identifying the precise location of extralobar pulmo-
nary sequestrations when in close proximity to the dia-
phragm. Additionally, the arterial supply of EPS does
not necessarily need to mandate a surgical approach.
There is no consensus on the best surgical approach for
IDEPS and a hybrid approach with both laparoscopy
and thoracoscopy may provide both improved visuali-
zation and ability to identify the feeding vessel with lit-
tle increased morbidity to the patient.

Abbreviations

CPAM  Congenital pulmonary airway malformation
cT Computerized tomography

CTA Computerized tomography angiography

EPS Extrapulmonary sequestration

IDEPS  Intradiaphragmatic extralobar pulmonary sequestration
IPS Intralobar pulmonary sequestration

NICU Neonatal intensive care unit

MRI Magnetic resonance imaging

PS Pulmonary sequestration
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