
Thorax 1987;42:409-416

Original articles

Congenital bronchopulmonary vascular
malformations: clinical application of a simple
anatomical approach in 25 cases
B S CLEMENTS, J 0 WARNER, E A SHINEBOURNE

From the Department ofPaediatrics, Brompton Hospital, London

ABSTRACT Congenital malformations of the bronchopulmonary airway and related arterial blood
supply are a complex group of lesions in which abnormalities of venous drainage and lung paren-
chyma may coexist. Twenty five cases have been analysed, by a method whereby each anatomical
component is separately considered. All 25 patients had abnormalities of the tracheobronchial tree,
with no connection to the abnormal segment in nine cases. The aberrant arterial blood supply was
single in 16 cases and multiple in nine cases, one patient from the latter group having a mixed
pulmonary and systemic arterial supply to a part of the abnormal segment. Seventeen patients had
anomalous venous drainage. In nine of these the vein or veins (they were multiple in four cases)
drained the major part or the whole of the lung, whereas the aberrant arterial supply was limited to
the right lower zone-that is, mismatched anomalous venous drainage. Abnormalities of lung
parenchyma included changes within the lesion (for example, cysts, foregut inclusions) and associ-
ated abnormalities of surrounding lung (for example, hypoplasia, abnormal lobation). This infor-
mation, together with the clinical features and haemodynamic data, was found to be essential for
decisions on appropriate management. Patients presenting in infancy with haemodynamic dis-
turbance continue to present major management problems (50% mortality), particularly if there are
associated congenital heart defects. The role of aberrant systemic artery occlusion or ligation as a
first stage procedure is well established in patients with haemodynamic abnormalities. There may be
a place for this procedure in selected patients who have no haemodynamic disturbance at
presentation.

Congenital malformations of the lung are an ill
defined group of conditions. To the paediatric chest
physician abnormalities such as lung cysts, lobar
emphysema, and cystadenomatoid malformations
present as isolated conditions. To the paediatric car-
diologist areas of abnormal lung with an anomalous
systemic blood supply may present predominantly
because of haemodynamic disturbance. In many
instances, however, the clinical and morphological
features in these two groups of patients show consid-
erable overlap, differing only in their arterial blood
supply. In both groups of patients there may be asso-
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ciated abnormalities of venous drainage (for example,
scimitar syndrome) and lung parenchyma (for exam-
ple, hypoplastic lung). These similarities support the
view that the lesions form a spectrum of abnormal
lung development in which any one or all of the
different components may be affected. These com-
ponents are the tracheobronchial airway, the arterial
supply, the venous drainage, and the lung paren-
chyma. This has led us to adopt an approach whereby
all these component features are considered in each
case. In this paper we discuss the group of patients
with abnormal lung development who are unified in
that they have an associated aberrant systemic arte-
rial blood supply to the abnormal segment. There is at
present no generally accepted nomenclature or
classification for this group of anomalies, although
some authors have recommended that the lesions
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should be included in the sequestration spectrum.'-4
The inadequacies of the current terminology are dis-
cussed in an accompanying paper (p 401), and an

alternative nomenclature and classification for all
congenital lung malformations, including those with
normal vasculature, is proposed.

Patients

At the Brompton Hospital and the Hospital for Sick
Children, London, we have reviewed 25 cases with
bronchopulmonary-vascular malformations in the
five years 1981-85. The age at diagnosis ranged from
five days to 22 years. Haemodynamic abnormality
was the major factor responsible for presentation in
infancy (15 cases). Of these patients, the lesion was

located in the right lung in 14 patients and the left
lung in one. Respiratory symptoms were predom-
inant in patients presenting later (eight cases). Two
children were symptom free at diagnosis; one had a

lesion discovered coincidentally at thoracotomy, and
the other was noted to have a heart murmur and
dextrocardia on routine examination.

In all patients the abnormal anatomical component
features were delineated as fully as possible. The
influence of the various combinations of these
abnormal components on clinical presentation and
management would require a comprehensive table
detailing this information with results of
investigations in all 25 patients, which would be
beyond the scope of this article. Instead we have cho-
sen to analyse the prevalence of each of the com-

ponent features (table 1), and to discuss each
component separately, emphasising the wide vari-
ation encountered in these lesions.

Abnormal anatomical components

TRACHEOBRONCHIAL CONNECTION

All our patients had abnormalities of tracheo-
bronchial airway connection. The range of abnormal
communication extended from absent connection
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with a blind ending bronchus (agenesis) or an atretic
membrane to apparently normal patency, with a gra-

dation of abnormality in between. In over 60% of our
patients (17 cases) the lesion had some form of com-
munication with surrounding normal lung. In some (4
cases) this communication was fairly rudimentary,
but in others (13 cases) it was reasonably well estab-
lished with ventilated lung distal to it. The most com-

mon finding at examination of resected or necropsy

specimens from this latter group was hypoplastic
development of the tracheobronchial tree and abnor-
mal branching patterns, although in addition some

had histological evidence of bronchial wall abnormal-
ities and chronic infection. Seven patients were

referred with the diagnosis of sequestration of the
posterior basal segment of the left lower lobe (the
commonest site for this type of lesion). The chest
radiograph in all seven showed dense shadowing in
this region. Preoperative clinical assessment sug-

gested absence of airway communication to the
abnormal segment, as would traditionally be
expected. Macroscopic and histological examination
of the resected specimens from three of these patients,
however, showed clearly communicating but ectatic
bronchi, with distorted parenchyma and evidence of
chronic infection. One of these specimens contained
two small non-communicating cysts within the paren-

chyma of the abnormal segment. Possibly these
lesions, and some of the group described before this,
represent transitional stages in these abnormalities, in
which chronic infection and cystic degeneration leads,
in time, to obliteration of bronchial connection and
parenchymal architecture, giving rise to so called
"classical sequestration"-that is, a "disconnected
bronchopulmonary mass with a systemic arterial
supply."5

SYSTEMIC ARTERIAL SUPPLY

The aberrant systemic arterial supply to the abnormal
segment was found to originate as a single trunk in 16
cases and multiple trunks in nine cases, one patient
from the latter group having a mixed systemic and

Table 1 Analysis ofanatomical components in 25 cases ofbronchopulmonary vascular malformation

Lung
parenchymal

Tracheobronchial connection Systemic artery supply Venous drainage abnormalities*

Absent 8 Single 16 Normal 8 Associated
hypoplasia 11

Abnormal
lobation 10

Patent 17 Multiple 9t Anomalous 1 7t Extrapulmonary
Matched 6 lesions I
Mismatched 9 Cystic changes 4
Unknown 2

*More than one of these may occur in the same patient.
tlncludes one patient with mixed pulmonary and systemic artery supply. $Four patients had more than one draining vein.
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Congenital bronchopulmonary vascular malformations

pulmonary artery supply to a part of the abnormal
segment. Figures 1 and 2 show how failure to delin-
eate these features accurately may lead to manage-
ment complications in a particular patient. In the first
patient (fig 1) two anomalous arteries were seen to
arise from the abdominal aorta with multiple
branches piercing the diaphragm to supply the lower
zone of the right lung. After thoracotomy and
ligation of these vessels the child continued to have
haemodyanamic problems. Repeat cardiac cath-
eterisation (fig 2) showed the more proximal of the
two trunks still to be patent and, in addition, a third
tortuous vessel was now seen to arise from the tho-
racic aorta and to be supplying the same area. This
vessel was not seen on the first angiogram as it lay
behind the contrast filled left ventricle in the an-
teroposterior view. In another patient a pulmonary
artery injection showed a branch descending from the
hypoplastic right pulmonary artery to supply the
medial right midzone posteriorly. A subsequent aortic
injection revealed a branch from the aberrant sys-
temic artery supplying the same area both on the
anteroposterior and lateral views, thus confirming a
mixed pulmonary and systemic arterial supply to this
part of the abnormal lung segment. This phenomenon
has been previously recognised.6

Fig 1 Injection ofcontrast into the left ventricle ofa 2 week
old infant with normal intracardiac anatomy. Two anomalous
vessels are seen arisingfrom the abdominal aorta with
multiple branches piercing the diaphragm to supply the lower
zone ofthe right lung.
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Fig 2 Aortic contrast injection one week after ligation of the
two anomalous vessels seen in figure 1Two.further vessels
are now seen arisingfrom the aorta and supplying the same
abnormal segment.

VENOUS DRAINAGE
Seventeen patients (68%) had anomalous venous
drainage, but in only one of these was the lesion extra-
pulmonary, as traditionally expected. The other 16
had intrapulmonary lesions, in which according to
earlier ideas normal venous drainage is customary.5
In nine of these the anomalous vein or veins drained
not only the abnormal segment but the major part or
whole of that lung (figs 3 and 4), conforming to
the scimitar arrangement.7'0 We emphasise the
importance of this aspect with the following two
cases. In the first patient injection of contrast into the
aberrant systemic artery (fig 3) outlines the vein
draining the right lower zone and the direction of the
vein suggests that it drains at least part of the upper
zone as well. Should this patient have a right lower
lobectomy, ligation of this trunk would result in
infarction of the rest of the right lung and almost
inevitably in death. In another patient two venous
channels are outlined (fig 4) that drain most of the
right lung. Ligation of one of these trunks occurred
inadvertently in one patient, with the disastrous con-
sequences we have described. There was more than
one draining vein in four patients.

ABNORMALITIES OF LUNG PARENCHYMA
Here we describe the site of the abnormal segment,
abnormalities within the abnormal segment itself (for
example, cysts, adenomas, ectopic foregut inclu-
sions), and associated abnormalities of surrounding
lung (for example, hypoplasia, abnormal lobation).
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Fig 3 The venous phase after injection ofcontra$t into the
aberrant systemic artery ofa 3 week old infant. A single
anomalous vein (arrowed) is seen draining the right lower
zone (supplied by the aberrant systemic artery) to the
inferior vena cava, but the direction ofthe vein suggests that
it drains at least part ofthe upper zone as well (which is
supplied by a hypoplastic right pulmonary artery). Thus there
is mismatched anomalous venous drainage ofthe right lung.

In 24 cases the site of the lesion was intrapulmonary
(enclosed within the pleural layer surrounding the
lung). These abnormalities were found in the right
lower zone in 16 cases, the right upper zone in one
case, and the left lower zone in seven cases. Only one
patient in our series had an extrapulmonary lesion
(ectopic lung tissue lying outside the pleura sur-
rounding the rest of the lung). This lesion was discov-
ered coincidentally in the right upper zone posteriorly
in a patient undergoing thoracotomy for removal ofa
bronchogenic cyst. Associated pulmonary hypoplasia
was recognised in 13 patients by radiographic evi-
dence of reduced lung volume, a small thoracic cage
on that side, and usually mediastinal shift. The hypo-
plasia always occurred on the right side. Abnormal
lobation was found in 10 patients but may well have
been present in others where it was not delineated,
particularly in those patients with associated lung
hypoplasia and mismatched anomalous venous drain-
age. Abnormal lobar patterns generally took the form
of a unilobar or bilobar right lung, but in three
patients we found an arrangement which, to our
knowledge, has not been previously described. One
underwent thoracotomy for ligation of the anoma-

Fig 4 Venous phase after injection ofcontrast into the
aberrant systemic arterial system with two venous trunks
outlined, draining most ofthe right lung to the inferior vena
cava in this 6 week old infant.

lous systemic arterial supply to the right lower zone.
The right lung was noted to be bilobar with the upper
zone hypoplastic and supplied by a hypoplastic right
pulmonary artery. From the inferior medial aspect of
the right upper zone a segment of lung extended
across the midline into the left hemithorax. The pul-
monary artery angiogram in this case (fig 5) shows a
hypoplastic right pulmonary artery with two
branches traversing the midline to supply the cross-
over segment. In all three patients the finding of the
crossover segment was associated with a hypoplastic
right lung with abnormal lobation, aberrant arterial
supply to the right lower zone, anomalous venous
drainage of the whole or a major portion of the right
lung, and diaphragmatic eventration or hernia on the
same side. The cases are described in detail in another
paper.10 This combination of abnormalities, but
without the crossover segment, is well recognised,H
and was noted in another patient from our series. In
the anteroposterior view at angiography the anoma-
lous systemic supply to the lower zone of the right
lung was seen to be superimposed on the liver, which
projects into the eventration. This gives the appear-
ance of a vascularised liver tumour, for which it could
easily be mistaken (similar to the appearance in
fig l). I

Associated congentl lesons

Associated diaphragmatic,5 cardiovascular,11 gastro-
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Congenital bronchopulmonary vascular malformations

Fig 5 Right sided
diaphragmatic eventration,
severe right lung hypoplasia,
and dextrocardia in a 2 week
old infant, with a catheter tip
sited in the main pulmonary
artery. Injected contrast
outlines two branches ofthe
hypoplastic right pulmonary
artery (arrowed) crossing
the midline to supply a
segment in the left mid zone
posteriorly. At thoracotomy
this wasfound to be a
crossover segment ofright
lung extending into the left
hemithorax.

intestinal,2 and other respiratory tract anomalies'
were noted in 14 of our patients. These must all be
considered in the planning of management-in at
least four patients they were a major factor con-
tributing to death. We have found the combination of
severe right lung hypoplasia and associated con-
genital heart disease a poor prognostic feature in
bronchopulmonary-vascular malformations. Of the
intracardiac defects, atrial septal defect was the com-
monest (eight cases), in keeping with most other
reports.'2 One patient with an atrial septal defect also
had a ventricular septal defect and patent ductus arte-
riosus. The two remaining patients both had ventricu-
lar septal defects, one in association with coarctation
of the aorta. There were three diaphragmatic even-
trations and two diaphragmatic hernias, all on the
right side and associated with right lung hypoplasia.
One patient had a gastric duplication cyst connected
by a fibrous band through the diaphragm to an intra-
pulmonary abnormal segment containing ectopic
pancreatic tissue. This patient also had anal anoma-
lies and has been described elsewhere.'3 An
exomphalos was seen in one patient with a left sided
intrapulmonary lesion.
Discussion

Congenital malformations of the lung with abnormal

vasculature are an ill defined group of conditions.
They have a wide range of anatomical variation,
which may lead to problems in diagnosis and man-
agement. To avoid confusion, we have adopted a sim-
ple anatomical approach that delineates separately
the four major component features of these
anomalies-namely, the tracheobronchial airway,
arterial supply, venous drainage, and lung parenchy-
mal abnormalities. In this paper we concentrate on
those lesions with an aberrant systemic arterial sup-
ply, emphasising that abnormalities of venous drain-
age and lung parenchyma may coexist and should be
sought.

All parenchymal lung lesions should be suspected
as having abnormal vasculature. The unpredictability
of the vascular connections demands that both the
arterial supply and the venous drainage are outlined
in each case.3'8 Thus cardiac catheterisation with
angiography remains the essential investigation in
bronchopulmonary-vascular anomalies.4 1314 At
catheterisation a pulmonary artery injection of con-
trast is mandatory for defining the extent of the nor-
mal pulmonary artery supply and associated
hypoplasia and showing whether a "mixed" arterial
supply to the abnormal segment is present. Aortic
injection is used to identify an aberrant systemic arte-
rial supply. Patients presenting in infancy usually
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have additional haemodynamic problems.15 -19 We
agree with others that ligation of the aberrant sys-

temic arteries is usually the most successful first stage

procedure in such infants. 16 20 - 22 Balloon occlusion
or embolisation of the feeding vessels is an attractive
alternative to surgical ligation.20 We have success-

fully embolised these vessels in one infant presenting
with heart failure; he is now well and thriving, with
normal pulmonary artery pressure at repeat cath-
eterisation one year later. Reversal of pulmonary
hypertension and clinical improvement after
occlusion of the aberrant systemic artery is well recog-

nised,16 20-22 and may tide these patients over until
they are old enough for definitive repair. The options
would then include continued conservative manage-

ment, correction of anomalous venous return,22-24
lobectomy, and pneumonectomy. The optimal age for
definitive surgery would be influenced by the patient's
symptoms and the skill and confidence of the surgeon.

Reimplantation of the anomalous vein is best
deferred until at least 3-5 years of age and preferably
later, if symptoms allow. Prognosis for good restora-
tion of function is best when there is a well developed
right lung and right pulmonary artery and the lung
has been relatively free from infection. Pneu-
monectomy under one year of age is almost always
fatal and in this age group all efforts should be
directed at conservative management.

Prophylactic occlusion of the aberrant systemic
supply in patients with no evidence of haemodynamic
disturbance deserves some consideration. Several
reports have shown that even in symptom free
patients there is a considerable shunt through this
anomalous circuit.25 - 28 After removal of the abnor-
mal segment there is a measured improvement in
cardiovascular condition.2528 In addition to the
haemodynamic load, there is evidence that systemic
pressures and flow predispose the abnormal segment
to infection and contribute to the development of cys-
tic degeneration.2934 Our infant who had his aber-
rant systemic artery occluded by embolisation
remains free from chest symptoms, while another one

whose aberrant artery was not occluded developed a

troublesome cough and tachypnoea within three
months. One case report involving an older child
describes complete resolution of symptoms, signs,
and chest radiograph changes in an abnormal lobe
after ligation of the systemic supply.34 This lobe had
had all of the features of classical sequestration with
apparently no bronchial connection seen from bron-
chography. Many lesions with intermediate bronchial
and parenchymal changes, similar to those in some of
our cases, have been described.30 34 In at least some
patients these lesions may represent transitional
stages in the progression of abnormality, where the
lesion found at diagnosis in older children or adults
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may bear little resemblance to the abnormality
present at birth. All of this points to a role for
occlusion of the aberrant systemic artery in infants
who do not have parenchymal changes at
presentation, in the hope that some of these changes
may be prevented and later surgery avoided. A
double bonus may also be achieved in patients who
already have parenchymal damage, in whom surgical
resection would be the usual consideration.
Embolisation of the systemic arterial supply to this
segment would allow the option of expectant manage-
ment for a period related to the degree of symptom-
atic improvement.34 If surgical resection was then still
considered necessary, the risk of vascular compli-
cations at operation-a major source of morbidity
and mortality-would be greatly reduced. Infarction
of the lung or segment after occlusion of the systemic
artery supply has not been reported and it is just pos-
sible that in some of these patients the pulmonary
artery supply to this area would improve with time.
Pulmonary infarction after ligation of the anoma-

lous venous trunk is, however, recognised in patients
with the scimitar arrangement.9 In this condition
there is characteristically a mismatch between the
aberrant systemic arterial supply to the right lower
zone and the anomalous venous drainage of the
whole or major part of the right lung.89 This makes
lobectomy or segmentectomy of the right lower zone
difficult. The importance of outlining the venous
drainage in this anomaly has been emphasised by
recent reports,39 and by two of our cases (figs 3
and 4).
With abnormalities of the tracheobronchial airway

and lung parenchyma, clinical history, physical exam-
ination, and plain chest radiography are usually
sufficient for deciding how these components
influence management. In most cases bronchoscopy
and bronchography provide no useful additional
information28; but they may be necessary if an alter-
native diagnosis, such as foreign body or bronchi-
ectasis, is suggested.

Grossly cystic and bronchiectatic areas may have
to be removed surgically, but not before the vascu-
lature has been outlined. In patients selected for
conservative management with occlusion of the
anomalous systemic artery alone, serial radioisotope
scans may be useful in assessing progress.

OPERATIVE MORTALITY
In a survey of 350 cases from 27 published reports we
divided the patients into those with haemodynamic
problems and those without. The high mortality
(85%) in the group with clinical evidence of cardiac
overload confirmed that these patients present major
management problems. The mortality in our patients
within this group (50%-table 2) may indicate an
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Congenital bronchopulmonary vascular malformations
Table 2 Management and outcome in the 25 cases

Outcome

Management Alive Dead

Abnormal haemodynamics at presentation 17 Vascular occlusion (5) 1 4*
Resection
segmentectomy (0) - -
lobectomy (7) 6 1
pneumonectomy (2) - 2

Conservative (3) 3
Total (17) 10 7

Normal haemodynamics at presentation 8 Resection
segmentectomy (1) I -

lobectomy (6) 6
No treatment (I) - It
Total (8) 7 1

*AII four patients had severe right lung hypoplasia and intracardiac anomalies contributing to their death.
tDied of septicaemia before appropriate treatment could be administered.

improving trend, which we are tempted to attribute to
the approach outlined in this paper. In patients
presenting without clinical evidence of hae-
modynamic side effects, we have had no surgical
deaths (table 2). On the other hand, considerable
mortality in this group has been reported by
others,35 36 almost entirely as a result of unexpected
vascular complications encountered during surgery
performed without accurate preoperative assessment.
This emphasises the fact that even clinically benign
lung anomalies may have complicated vasculature
that can make surgery hazardous.

SUMMARY
Congenital malformations of the tracheobronchial
tree and related arterial supply are a complex group
of lesions where associated abnormalities of venous
drainage and lung parenchyma may coexist. Using
our experience of 25 cases, we have developed an
approach whereby all these anatomical component
features are considered in each case. This informa-
tion, together with the clinical findings and hae-
modynamic data, is essential for decisions on
appropriate management. The wide variation
encountered in these conditions is emphasised by
analysis of the prevalence of the component features.
The role of aberrant systemic artery occlusion or liga-
tion as a first stage procedure is well established in
patients with haemodynamic abnormalities. In addi-
tion, there may be a role for this procedure in selected
patients who have no haemodynamic disturbance at
presentation for the reasons stated. The approach
outlined in this paper may lead to improved under-
standing and management of these complicated con-
genital malformations.

We would like to express our thanks to Mr J Stark,

consultant cardiothoracic surgeon, Hospital for Sick
Children, Great Ormond Street, London, for his help-
ful comments and for allowing us the use of his
patients for this report.
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