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Abstract

Pulmonary sequestration is a congenital respi-
ratory malformation characterized by a cystic
or solid mass of nonfunctioning primitive seg-
mental lung tissue that does not communicate
with the tracheobronchial tree and has anoma-
lous systemic blood supply. Pulmonary seques-
tration is classified into two types, extralobar
pulmonary sequestration and intralobar pulmo-
nary sequestration (ILS). ILS is incorporated
within the normal lung tissue and does not have
a visceral pleura that separates the lesion from
normal lung tissue. Here the 35 pediatric ILS
cases treated in our center are summarized first
and then we review several clinical reports that
dealt with ILS in the past and summarize the
characters and treatment of ILS.

Patients with ILS show nonspecific respira-
tory symptoms such as cough, expectoration,
hemoptysis, and chest pain. Recently the num-
ber of the cases with fetal diagnosis is increas-
ing. The existence of an aberrant artery to the
lung lesion from systemic circulation is an
important finding for the correct diagnosis of
ILS. The lobectomy including the affected
lung is mandatory for complete cure and the
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prognosis of ILS is satisfactory after the
proper surgical treatment.
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10.1 Introduction
Pulmonary sequestration is a congenital respira-
tory malformation characterized by a cystic or
solid mass of nonfunctioning primitive segmental
lung tissue that does not communicate with the tra-
cheobronchial tree and has anomalous systemic
blood supply. Pulmonary sequestration was first
reported more than 100 years ago. In 1946 Pryce
[1] first used the term “sequestration” for this path-
ological state and classified it into two phenotypes
of “intra” and “extra” pulmonary sequestration.
Since then, pulmonary sequestration has come to
be accepted as a distinct clinical entity.
Pulmonary sequestration is generally consid-
ered to be caused by a developmental anomaly
occurring at an early gestational age and the
sequestered lung tissue with a systemic arterial
supply is formed independently of the normal
lung. Pulmonary sequestration is not only ana-
tomically distinct from normal lung tissue but
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physiologically distinct, which means that the
sequestered lung is not connected to the broncho-
pulmonary system of the normal lung and has no
gas exchange function.

Pulmonary sequestration is classified into two
pathological entities: extralobar sequestration
(ELS) and intralobar sequestration (ILS).
Extralobar sequestration is defined as its bound-
ary being separated from normal lung tissue by
its own visceral pleura, and intralobar sequestra-
tion is incorporated within the normal lung tissue
and does not have a visceral pleura that separates
the lesion from normal lung tissue.

10.2 Our Cases

We present here the experience of our center in
treating ILS surgically and discuss characteristics
of the disease.

10.2.1 The Experience of Treatment
of Pediatric ILS Cases in Our
Center from 2002 to 2019

In 2015 we reported our experience of 30 pediat-
ric ILS cases [2], and since then, we experienced
another 5 cases. Here the 35 pediatric ILS cases
treated in our center are summarized.

We experienced 35 pediatric cases of ILS
from April 2002 to March 2019 that were treated
by surgical removal of a pulmonary lobe includ-
ing the sequestered lung tissue (Table 10.1).

There were 14 male patients and 21 female
patients. The age at the time of the operation
ranged from 5 months to 124 months (mean age,
32 months). All sequestered lungs were situated
in the lower lung field; the sequestered lung was

Table 10.1 Patient characteristics (n = 35)

Gender Male:Female = 14:21

Affected side Right:Left = 18:17

Localization of the lesions Lower lobe 35
(100%)

History of pulmonary 20 (57%)

infection

Prenatally diagnosed cases 13 (37%)

Median age at the operation 32 months

situated in the left lower lung in 17 cases and in
the right lower lung in 18 cases. Fetal diagnosis
was attained in 13 cases (37.1%), and its percent-
age has been increasing recently. Since 2014 we
experienced five cases of ILS and all of them were
diagnosed prenatally. The age at the time of the
operation was younger in the cases with fetal
diagnosis (mean age was 13 months, compared
with a mean age of 42 months in the postnatally
diagnosed cases). Twenty cases of ILS experi-
enced pneumonia before the operation but no case
showed respiratory distress in their daily life.
The characteristics of the aberrant artery that
supplied the sequestered lung in the 35 ILS cases
are summarized. The aberrant artery branched
from the thoracic aorta in 13 cases, from the
abdominal aorta in 17 cases, and from the celiac
artery in 5 cases (Fig. 10.1). Another important
factor is the number of aberrant arteries. In our
series, 31 cases had one aberrant artery, and 4
cases had two aberrant arteries (Fig. 10.1).
Venous drainage from the sequestered lung is
another important point (Table 10.2). In 32 cases,
venous drainage was through the pulmonary vein
on the affected side. In one case, venous drainage
was through the inferior vena cava. The remain-
ing two cases each had two drainage veins, i.e.,
through the pulmonary vein and the azygos vein.
The operative procedure was lower lobectomy by
thoracotomy in all 35 cases. There were no compli-
cations experienced during and after the operation.

10.3 Previous Case Series

Pulmonary sequestration is a relatively rare dis-
ease, and a few case series [3—10] and review
articles [11, 12] on pulmonary sequestration have
been published that included adult cases only or
both adult and pediatric cases. One review article
that summarized Chinese cases of pulmonary
sequestration [11] is the largest case review and it
reported the characteristics of 2625 pulmonary
sequestration cases. In their review, the male-to-
female ratio was 1.58:1. The age of the patients at
the time of the operation ranged from 1 month to
77 years, and the mean age at the time of the
operation for ILS was younger than that for ELS
(20 = 8 years vs. 38 + 9 years).
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Fig. 10.1 The route of
the aberrant arteries to
the sequestered lung in
35 cases of ILS treated
at our hospital. A single
aberrant artery was seen
in 31 cases and two
aberrant arteries were
seen in 4 cases. The
aberrant artery branched
from the thoracic aorta
in 13 cases, the
abdominal aorta in 17
cases, and the celiac
artery in 5 cases. Among
the four cases with
double aberrant arteries,
one case had aberrant
arteries branching from
the thoracic aorta and
three cases had aberrant
arteries branching from
the abdominal aorta

From Celiac Artery

Table 10.2 Drainage vein(s) from the sequestered lung
segment

32 cases
(91.4%)

1 case (2.9%)
2 cases (5.7%)

To pulmonary vein only

To inferior vena cava

To pulmonary vein and azygos
vein

The symptoms of the disease included cough/
expectoration (67.76%), fever (38.95%), hemop-
tysis (27.67%), and chest pain (11.13%).

10.4 Clinical Aspects

Image findings of chest computed tomography
(CT) were classified as follows: mass lesion
(49.01%), cystic lesion (28.57%) (Fig. 10.2a
shows a typical image of a cystic lesion experi-
enced in our center), cavity lesion (11.57%), pneu-
monic lesion (7.96%), and bronchiectasia (1.90%)
(Fig. 10.2b shows a typical image of bronchiecta-
sia experienced in our center). Among pulmonary
sequestrations, unilateral ILS was the most com-

Celiac artery

Single artery: 5 cases (14.3%) <|:

From Thoracic Aorta

— Single artery: 12 cases (34.3%)
Two arteries: 1 case (2.9%)

From Abdominal Aorta

[ Single artery: 14 cases (40.0%)
Two arteries: 3 cases (8.60/0)

mon phenotype, accounting for 1873 cases
(83.95%), and unilateral ELS accounted for 358
cases (16.05%). Bilateral lesions were extremely
rare, with only three cases seen in the series from
China. The sequestered lung was mainly localized
in the left lower lobe (1457 cases; 71.53%), and
the second common segment was the right lower
lobe (529 cases; 25.97%). Other localized regions
of sequestered lung were the left upper lobe, left
lingual lobe, right upper lobe, and right middle
lobe. In our experience, all lesions were situated in
the lower lung segment, and the left-to-right ratio
was about 1:1. ILS has a special feature compared
with other congenital pulmonary cystic diseases
such as congenital pulmonary airway malforma-
tion (CPAM) and bronchial atresia in that the
lesion of ILS belongs to one area of the normal
lung and single lobectomy is always possible for
complete cure. Therefore, it is important to detect
the exact site of the ILS lesion for proper surgical
excision. ILS was also reported to coincide with
other congenital anomalies [11] such as esophago-
bronchial diverticulum, diaphragmatic hernia [13],
deformities of skeletal systems, and cardiac anom-
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Fig. 10.2 Representative CT findings of lung fields and
aberrant arteries in ILS. (a) Cystic lesion, which repre-
sents the sequestered lung, in the right lower lobe. (b)
Hyperlucent lesion, which represents the sequestered
lung, in the left lower lobe. A large aberrant artery is seen

alies. Some case reports described the association
of bronchogenic cyst with ILS [14].

The most important factor for safe treatment of
ILS is determining the arterial supply and venous
drainage of the sequestered lung. Detection of the
aberrant artery is a key point for correct diagnosis
of ILS [15-18], and preoperative confirmation of
the blood supply and the drainage route is manda-
tory for carrying out a safe operative procedure.

On fetal ultrasound examination, if an abnor-
mal pulmonary lesion is detected, it should be
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running amidst the affected lung. (¢) A large aberrant
artery branched from the thoracic aorta to the sequestered
lung in the right lower lobe. (d) Two aberrant arteries
branched from the thoracic aorta to the sequestered lung
in the left lower lobe

checked whether the systemic arterial supply to
the lesion exists from the aorta or from one of its
branches. Fetal magnetic resonance imaging
(MRI) examination may be useful to confirm the
abnormal arterial supply. If such abnormal arterial
branch to the lesion is detected, pulmonary seques-
tration should be strongly suspected. On the other
hand, it is also important to determine venous
drainage from the lesion because in ILS venous
drainage is mainly through the pulmonary vein
while in ELS venous drainage is usually through a
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systemic route [11]. We must carefully differenti-
ate ILS from ELS because in some ILS cases
venous drainage is through a systemic vein such as
the azygos vein, semi-azygos vein, or inferior vena
cava. In our series, three cases had such systemic
drainage. Postnatal chest CT examination may be
able to demonstrate whether the pulmonary lesion
has its own visceral pleura or not, and therefore
may be useful to differentiate ILS from ELS.

It is important to recognize the symptoms of
ILS, especially in adults, but disease-specific
symptoms do not exist and almost all symptoms
such as cough, expectoration, fever, hemoptysis,
and chest pain are not specific [11]. Hemoptysis is
in one sense a specific symptom of ILS but in pedi-
atric cases it is rarely seen. In our series, pneumo-
nia was a main symptom in obtaining a correct
diagnosis before the fetal diagnostic era, but
recently there has been a predominance of cases
with fetal diagnosis and in many cases curative
operation was performed before pneumonic symp-
toms appeared. Recent basic research suggested
that in ILS alveolar type 2 stem/progenitor cells are
impaired in their proliferative potential perhaps
through the interaction between endothelial throm-
bospondin-1 and alveolar cell surface antigen
CD36, and this may be closely related to the high
infection rate in patients with ILS [19]. Blood tests
in patients with ILS do not show specific abnor-
malities, but in some reports serum CA19-9 was
elevated in patients with ILS and it significantly
decreased after surgery [20, 21]. The exact mecha-
nism of this phenomenon has not yet been clarified,
but serum CA19-9 might be used as a disease

Fig. 10.3 Aortic angiography to demonstrate aberrant
arteries to the sequestered lung in ILS. (a) An aberrant
artery branched from the thoracic aorta to the sequestered
lung in the right lower lobe. (b) An aberrant artery

marker of ILS in restricted cases. Especially in
adults, when patients show a high level of CA19-9,
ILS should be among the differential diagnoses
after ruling out malignancies of digestive organs.

10.5 Treatment

The treatment strategy for ILS is surgical removal
of the pulmonary lobe containing the sequestered
lung once the diagnosis is confirmed. As ILS
often causes respiratory infection and hemoptysis
is a nuisance complication in later life, it is rec-
ommended that patients with ILS undergo the
operative treatment. In some reports, emboliza-
tion of the aberrant artery was successful and this
is one treatment option [22—25]. Another interest-
ing option for surgical resection of the small
lesion is indocyanine green injection and navi-
gated partial lung resection [26]. If the lesion is
very small and it is desirable to preserve as much
of the normal lung as possible, this strategy may
be adopted. Recently video-assisted thoraco-
scopic surgery (VATS) and thoracoscopic surgery
have become more popular and some reports rec-
ommended such minimally invasive surgery [7,
10]. In such procedure, safe dissection of a large
aberrant artery is very important and skillful
technique is mandatory for preventing severe
bleeding complications. Another important point
for performing safe surgery is accurate preopera-
tive diagnosis concerning the aberrant artery
(Figs. 10.2c, d and 10.3a—c) and the drainage
vein (Fig. 10.4). In some cases, more than one

branched from the abdominal aorta to the sequestered
lung in the left lower lobe. (¢) An aberrant artery branched
from the celiac artery to the sequestered lung in the right
lower lobe
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Fig. 10.4 Representative cases of drainage veins from
the sequestered lung. (a) The drainage vein from the
sequestered lung is the left pulmonary vein as shown by
selected angiography of the aberrant artery. (b) The drain-
age vein is the right pulmonary vein as shown by selected

aberrant artery feeds the lesion [27-32]
(Fig. 10.2d) and each artery should be ligated
separately to prevent unexpected bleeding. In two
large case series [11, 12], the percentage of cases
with more than one aberrant artery was 20.91%
and 14.8%, respectively, and in our series it was
11.4% (4/35). The aberrant artery branched from
the thoracic aorta (76.55% by Wei [11] and
73.9% by Savic [12]) or the abdominal aorta
(18.47% by Wei [11] and 18.7% by Savic [12]) in
the two previous case series. In our series, the

angiography of the aberrant artery. (¢) The drainage vein
is the inferior vena cava as shown by aortography. (d) The
drainage veins are the azygos vein and left pulmonary
vein as shown by aortography

aberrant artery branched from the thoracic aorta
in 37.1% (Fig. 10.3a), the abdominal aorta in
48.6% (Fig. 10.3b) and the celiac artery in 14.3%
(5/35) (Fig. 10.3c). Regarding the route of aber-
rant arteries, our data do not coincide with the
data of large case series published in the past, but
it is not clinically important because all aberrant
arteries, whether they originated from the abdo-
men or thorax, were ligated in the thoracic cavity.
In ILS, the drainage vein is the pulmonary vein in
many cases (Fig. 10.4a, b). If the drainage vein
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connects to the systemic venous circulation
(Fig. 10.4c, d), the drainage vein runs alongside
the aberrant artery and unexpected venous dam-
age may occur during the operation in such cases.
The percentage of cases with systemic venous
drainage was less than 10% among all ILS cases
in the two large case series [11, 12], and it was
8.6% in our series, but we must always keep in
mind that this rare venous return may exist in
ILS.

10.6 Prognosis

The prognosis of ILS is satisfactory if appropri-
ate lobectomy is performed after a correct diag-
nosis is made. Although ILS is a rare disease and
it is difficult to obtain a correct diagnosis in some
cases due to the nonspecific respiratory symp-
toms, it is important for physicians to suspect ILS
and plan the correct imaging examination at the
early stage.
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