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BOLUS DYNAMIC COMPUTED
TOMOGRAPHY IN THE EVALUATION
OF PULMONARY SEQUESTRATION

KENNETH A. BUCKWALTER, mp, BARRY H. GROSS, ™Mb,
AND RAMIRO J. HERNANDEZ, mD

Three cases of pulmonary sequestration evaluated
by bolus dynamic computed tomography are de-
scribed. The computed tomography appearance
and the differential diagnosis are discussed. It is
important to recognize the advantages of the bolus
dynamic technique in the evaluation of pulmonary
sequestration as it may eliminate the need for fur-
ther studies.
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Pulmonary sequestration may present as an inci-
dental mass noted during computed tomography
(CT) of the chest or upper abdomen; conversely, CT
may be obtained to evaluate a mass that later proves
to be a sequestration. Previous reports of the CT ap-
pearance of sequestration have emphasized nonspe-
cific morphologic features (1-3). Appreciation of
the vascular nature of this abnormality during dy-
namic CT following a bolus injection of intravenous
contrast may suggest the diagnosis of sequestration.
In some patients, CT may even demonstrate the sys-
temic arterial supply of the mass, perhaps obviating
the need for angiography. We present three illustra-
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tive cases of pulmonary sequestration diagnosed by
bolus dynamic CT.

CASE 1

A 2-day-old male with tachypnea had a chest radio-
graph that demonstrated a large, well-circum-
scribed, noncalcified, homogeneous mass located
caudally in the left posterior hemithorax (Figures
1A and 1B). The differential diagnosis included
Bochdalek hernia, neuroblastoma, ectopic kidney,
and pulmonary sequestration. Ultrasound examina-
tion of the abdomen demonstrated normally situ-
ated abdominal viscera. A CT scan of the chest per-
formed the following day showed a large
homogeneous mass in the left posterior costo-
phrenic sulcus. Intravenous bolus of contrast me-
dium demonstrated small vessels in the mass with
a large feeding vessel originating from the descend-
ing thoracic aorta (Figure 1C). This appearance was
consistent with the suspected diagnasis of pulmo-
nary sequestration, and the patient subsequently
went to surgery where a 4-cm solid mass was found
in the left lower lobe. The mass had its own pleural
covering and had no connection with the bronchial
tree. There was a relatively large feeding systemic
artery, and a large vein drained the mass at its in-
ferior aspect. Pathologic examination showed nu-
merous dilated air spaces lined by ciliated colum-
nar epithelium without cartilage, confirming the
diagnosis of pulmonary sequestration.

CASE 2

A 37-year-old female with no prior history of pul-
monary disease initially presented with pneumonia.
She was found to have a hazy opacity in the left
lower lobe that failed to clear. The patient was re-
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ferred to another hospital where a chest radiograph
showed a 9-cm rounded mass located posteriorly at
the left lung base (Figures 2A and 2B). A subse-
quent CT of the thorax showed a heterogeneous
mass containing multiple cystic areas in the same
location. Intravenous bolus of contrast medium
demonstrated branching structures within the mass
that enhanced at the same time as the descending
aorta (Figure 2C). The diagnosis of pulmonary se-
questration was subsequently confirmed when a
flush aortogram (Figure 2D) demonstrated aberrant
vessels originating from the descending aorta, sup-
plying the mass.

FIGURE 1. (A,B) Patient 1. Anteropos-
terior and lateral chest radiographs
demonstrate a mass (arrowheads) in
the left posterior costophrenic sulcus.
(C) CT scan following bolus injection
of intravenous contrast shows an aber-
rant systemic vessel (arrowhead) sup-
plying a sequestration (arrows).

CASE 3

A 44-year-old male with cholangiocarcinoma had a
chest radiograph showing dextrocardia and blunt-
ing of the right costophrenic angle; the lungs were
otherwise normal. Angiography of the liver demon-
strated a large aberrant vessel originating from the
celiac axis, supplying a small vascular mass located
medially at the right lung base (Figure 3A). Venous
drainage was via pulmonary veins, consistent with
an intralobar pulmonary sequestration. A subse-
quent CT scan showed a small, 2-cm oval mass at
the medial aspect of the right lung base. Dynamic
bolus CT showed intense contrast enhancement



FIGURE 2. (A,B) Patient 2. Posteroanterior and lateral
chest radiographs reveal a large mass {arrows} at the left
lung base. (C) Bolus CT scan at the level of the mass
shows branching structures (arrows) enhancing concur-
rent with enhancement of the descending aorta. (D) Sub-
traction view from a flush aortogram confirms that the
mass is supplied by a branch from the descending tho-
racic aorta {arrow). (Courtesy of Dr. Paul Kantzler, Detroit,
Michigan).
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FIGURE 3. (A) Patient 3. Celiac axis angiogram, RPO
view. A large aberrant vessel (black arrow) supplies a vas-
cular mass at the right lung base (white arrow). Venous
drainage was via pulmonary veins. (B) Bolus CT scan also
demonstrates the vascular mass (white arrowheads) at the
right lung base supplied by the aberrant celiac branch
vessel (black arrows).

coincident with the enhancement of the descending
aorta (Figure 3B). The intrahepatic portion of the
aberrant feeding vessel was clearly demonstrated.

DISCUSSION

Pulmonary sequestration is part of the continuum of
congenital bronchopulmonary—foregut malforma-
tions (4). Sequestrations are usually divided into in-
tralobar and extralobar types (5); both forms are
supplied by a systemic artery, frequently a branch
of the descending aorta. Intralobar sequestrations
are contained within the visceral pleura and gener-
ally drain into the pulmonary venous circulation.
Extralobar sequestrations have their own pleural in-
vestment and drain into the systemic venous circu-
lation via the inferior vena cava, the azygos or
hemiazygos system, or the portal venous system.
Initially, there is no connection with the bronchial
tree in either type of sequestration, and the number
of bronchi in the ipsilateral lung is usually normal.
Extrapulmonary abnormalities may be present and
are more frequently seen with extralobar sequestra-
tion. Both forms are most often located inferiorly in
the posterior basal segment of a lower lobe, more

commonly in the left than right. Bilateral sequestra-
tions have been reported (6), but they are exceed-
ingly rare.

Both plain film and CT appearances are varied
{1-3, 7-9). The mass may be solid or cystic, and it
may contain air or air—fluid levels if infected; intra-
lobar sequestration may contain air through collat-
eral air drift. Calcification is rare (10).

Visualization of the systemic arterial vessel sup-
plying the sequestration is necessary for diagnosis.
There have been several case reports of demonstra-
tion of the feeding artery during contrast-medium-
enhanced CT (1-3). The use of bolus dynamic scan-
ning (11, 12) facilitated the diagnosis of pulmonary
sequestration in the patients we evaluated (Figures
1-3). Even when the feeding artery is not demon-
strated, bolus dynamic CT generally demonstrates
the vascular nature of a sequestration. CT demon-
stration of an enhancing vascular lung lesion, espe-
cially if located in a lower lobe, should suggest the
diagnosis of pulmonary sequestration. Pulmonary
parenchymal neoplasms rarely enhance to the same
extent (13); zones of low attenuation and demon-
stration of a feeding artery, features typical of se-
questration, are not seen in parenchymal neo-
plasms.

Collapsed lung may present an appearance simi-
lar to sequestration (14), especially if the seques-
tered lung is infected or communicates with the
bronchial tree and contains air. Both entities may
present at CT as a heterogeneous mass with areas of
high and low attenuation, and both may enhance
following infusion of contrast medium. Several
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signs will aid in the distinction of collapse from se-
questration. With sequestration, the bronchial anat-
omy of the ipsilateral lung should be normal and
there will be no secondary signs of volume loss.
Furthermore, bolus dynamic CT can be extremely
useful if the arterial feeder of a sequestration is
demonstrated. Time—density plots will provide a
more definitive answer if there is still ambiguity. A
collapsed lung will show enhancement immedi-
ately after the right ventricle, while the enhance-
ment of a sequestration will coincide with that of
the descending aorta.

Other vascular lesions, such as pulmonary arte-
riovenous fistulae and pulmonary vein varicosities,
will enhance following contrast-medium adminis-
tration (15). It should not be difficult to separate
these entities from pulmonary sequestration. Pul-
monary arteriovenous fistula generally presents as a
round nodule representing a single dilated vessel or
a lobulated tangle of serpiginous vessels, usually lo-
cated in the inner third of the lung. The feeding ar-
tery originating in the pulmonary hilum and the
draining vein directed toward the left atrium are
frequently seen. Time--density plots obtained fol-
lowing a contrast bolus show peak enhancement be-
tween the enhancement peaks of the right and left
sides of the heart. Pulmonary vein varicosities oc-
cur less frequently; they are usually asymptomatic
and appear as round or oval masses near the left
atrium. Time-density plots show concomitant en-
hancement with the left atrium.

Less common vascular lesions, such as arterio-
venous malformations with systemic arterial supply
(12), chronic pulmonary inflammation with the de-
velopment of abnormal anastomoses from the sys-
temic to the pulmonary arteries (16, 17), and sys-
temic arterial supply to normal basilar segments
(18, 19), may simulate the CT appearance of seque-
stration. It may be very difficult to differentiate
these uncommon entities from sequestration on the
basis of CT. The clinical history may provide im-
portant clues, and angiography may be required.
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CONTINUING MEDICAL EDUCATION QUESTIONS

1. Which of the following statements does not apply to

intralobar pulmonary sequestration?

a. Intralobar sequestrations are contained within the
visceral pleura.

b. Initially, there is a direct connection with the bron-
chial tree.

¢. The sequestered segment may contain air through
collateral air drift.

d. Venous drainage is usually via the pulmonary ve-
nous circulation.

2. The CT appearance of pulmonary sequestration can
rarely be simulated by all of the following except:
a. Arteriovenous malformation with systemic arterial
supply.
b. Chronic pulmonary inflammation with systemic
anastomoses to pulmonary arteries.



340

C.

d.
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Pulmonary vein varicosities.
Systemic arterial supply to normal basilar seg-
ments.

3. Which of the following statements about pulmonary
sequestration are false?

a.

b.

C.

Pulmonary sequestration occurs most often in the
posterior basal segment of the left lower lobe.
Bilateral sequestratons are rare.

Calcification occurs frequently.

Pulmonary sequestration may contain air if in-
fected.

CT
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4, Which of the following statements does not apply to
the CT appearance of pulmonary sequestration?

a.

b.

c.
d.

Pulmonary parenchymal neoplasms rarely enhance
to the same degree as sequestration.

Enhancement of a sequestration during bolus dy-
namic CT coincides with right ventricular enhance-
ment.

Bronchial anatomy of the ipsilateral lung is normal.
Zomnes of low attenuation within a basal mass and
demonstration of a feeding artery are a typical ap-
pearance of pulmonary sequestration.



