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Left bronchial isomerism, normal atrial arrangement and
bronchomalacia mimicking asthma: a new syndrome?
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ABSTRACT: Three children who presented with steroid-resistant airflow obstruction
are described. They all had bronchomalacia in the setting of a rare visceral
arrangement, namely left bronchial isomerism with normal atrial arrangement.
Imaging and, in two cases, a normal residual volume in the face of severe airflow
obstruction were diagnostic pointers to a nonasthmatic cause of wheeze. Although the
association of these abnormalities may be coincidental, together they may constitute a
new clinical syndrome.
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Most children with asthma are successfully treated with
moderate doses of inhaled corticosteroids. However, a small
number do not respond even to high-dose therapy; under these
circumstances, a full review of the pharmacotherapy, the
environment, adherence to treatment and any psychological
factors is mandatory. As part of that review, alternative diag-
noses should be considered. This paper describes three child-
ren with apparent steroid-resistant asthma, one who was the
subject of a previous case report [1] and two other cases, who
had bronchomalacia with a very rare combination of other
congenital abnormalities, including left bronchial isomerism
with usual atrial arrangement. Isomerism can be defined as
the absence of the normal lateralizing features which dis-
tinguish right and left-sided organs such as the lungs [2].
Thus, right bronchial isomerism (fig. 1) is characterized by
two trilobed lungs each with a short main bronchus, and left
bronchial isomerism by two bilobed lungs, each with a long
main bronchus. The atrial arrangement, defined by the
morphology of the pectinate muscles [2], almost invariably
follows that of the bronchial tree.

The purpose of this report is, firstly, to draw attention to
clinical and radiological signs which may allow future cases to

be diagnosed early and, secondly, to suggest that this series of
abnormalities may constitute a previously undescribed
syndrome.

Case reports

Patient 1

A male with recurrent episodes of cough and noisy
breathing from 5 months of age. He underwent ligation of a
patient arterial duct at 22 months. He subsequently developed
inspiratory and expiratory wheezing, which was resistant to
oral and inhaled steroids. Lung function, when referred at age
12 yrs showed: forced expired volume in one second (FEV1)
33% of the predicted value, forced vital capacity (FVC) 65%
pred, total lung capacity (TLC) 72% pred, residual volume
(RV) 91% pred, and whole lung carbon monoxide transfer
factor (TL,CO) 72% pred; TL,CO per litre of accessible lung
volume (KCO) was 135% pred. Fibreoptic bronchoscopy
showed left bronchial isomerism, and bronchography showed
a single discrete area of narrowing in the left-sided bronchial
tree and multiple areas of malacia in the subsegmental bronchi
in the right-sided bronchial tree. An echocardiogram con-
firmed normal atrial arrangement, and an abdominal ultra-
sound scan showed normal visceral positions with a single
spleen. Fuller details of this child have been reported
elsewhere [1].

Patient 2

This young female was well until 3 months of age, when
she was admitted to the local hospital with a bronchiolitic
illness; no viral pathogen was found at that time. The physical
signs of an atrial septal defect (ASD) were found, and this
diagnosis was confirmed on cardiac catheterization. She con-
tinued to wheeze. When seen at the Royal Brompton Hospital,
she was noted to have inspiratory stridor as well as wheeze,
but was very well. The question of a vascular ring was raised,
but rigid bronchoscopy was inconclusive, no comment was
made about bronchial situs. In retrospect, her airway
tomograms showed evidence of left isomerism. At age 2
yrs, her ASD was closed. Six months later, her symptoms and
signs were less. However, she never completely recovered,
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Fig. 1. ± Features of: a) right; and b) left bronchial isomerism. The
morphology of the right lung is trilobed, with a short main bronchus, and
that of the left lung bilobed, with a long main bronchus. The dif-
ferentiating features of the atrial morphology are discussed in detail in
[2]. In addition to the intrathoracic abnormalities, gut malrotation and a
mid-line liver are features of both isomerism sequences.Polysplenia is
seen in 80% of cases of left isomerism, and asplenia in 80% of cases of
right isomerism. RA: right atrium; LA: left atrium.
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and had persistent wheeze and evidence of airflow obstruc-
tion, not responding to inhaled corticosteroids and short- and
long-acting b-agonists. A diagnosis of postviral obliterative
bronchiolitis was considered and she was re-evaluated at the
Royal Brompton Hospital at age 15 yrs. At that time, lung
function showed: FEV1 56% pred, FVC 83% pred, peak expi-
ratory flow rate (PEFR) 39% pred, TLC 92% pred, RV 101%
pred and TL,CO 96% pred. The flow/volume curve showed
marked airway obstruction (fig. 2). A chest radiograph (CXR)
and expiratory high-resolution computed tomography (CT)
of the thorax showed no evidence of air trapping. Fibreoptic
bronchoscopy and pulmonary angiography were performed.
The bronchoscopy showed left bronchial isomerism, with
diffuse bronchomalacia at all the segmental levels which could
be examined, which was more severe on the left side. There
was no evidence of a vascular ring. The angiograms confirmed
a usual atrial arrangement with a bilateral long pulmonary
arteries dividing into two branches. compatible with left
isomerism. An abdominal ultrasound scan was normal. Her
asthma medication (which had included fluticasone 500 mg
and salmeterol 50 mg, twice daily) was stopped with no
deterioration in her severe airway obstruction. When off all
treatment, she had a normal exhaled nitric oxide concentration
(9.0 parts per billion (ppb), normal <50 [3]).

Patient 3

This young male was well until 3 months of age, when
episodes of recurrent cough and expiratory wheeze prompted
investigation. He was found to have a hypoplastic left lung on
CT scanning. His subsequent course was of multiple admis-
sions to hospital, during two of which he required prolonged
positive pressure ventilation, despite treatment with inhaled
and oral steroids at high dose. Further investigation included a
24-h pH probe, which revealed severe gastro-oesophageal
reflux. He failed maximal medical management and was
referred for fundoplication at age 4 yrs. Investigations at this
time also included fibreoptic bronchoscopy, which showed
left bronchial isomerism. The main airways were reduced in
calibre, particularly on the left with diffuse malacia in the
airway generations which could be seen. He also had
laryngomalacia. He was too young to perform lung function
tests. An echocardiogram showed normal atrial arrangement a
structurally normal heart and a small left main pulmonary

artery. On fundoplication, his abdominal viscera were found to
be normally positioned, with no evidence of polysplenia.

Discussion

This communication reports on three children who were
initially thought to have asthma which was not responding to
high-dose oral steroids. At fibreoptic bronchoscopy, each was
found to have bronchomalacia, in the setting of left bronchial
isomerism. In cases 1 and 2, the clue to the alternative
diagnosis was the finding of a low normal RV despite marked
airflow obstruction, which is completely incompatible with
the small airways disease characteristic of asthma. In each
case, review of the imaging revealed abnormal arrangement of
the airways, which had not previously been appreciated.
Penetrated CXRs allow appreciation of airway morphology
and calibre [4]. However, the delay in presentation until adult
life of both the isomerism sequences [5, 6] and the right
aortic arch with vascular ring [7] suggests that radiological
signs of unusual large airway disease are often overlooked.
Hence this report has practical implications for clinicians, as
well as widening the spectrum of the associations of left
isomerism.

Conventionally, bronchial anatomic arrangement can be the
usual one (solitus), its mirror image (associated with primary
ciliary dyskinesia [8]), and left and right isomerism.
Anatomically, the morphology of the right bronchial tree is
distinguished from that of the left by three features: the right
main bronchus is shorter than the left; the lung is trilobed not
bilobed; and (less usefully in routine practice) there is an
eparterial bronchus, on the right [9]. Bronchial situs can be
determined from a penetrated radiograph or airway tomo-
grams [4], and atrial situs from echocardiography [10, 11].
Most commonly, there is concordance between atrial,
bronchial and abdominal visceral arrangement [12], but this
is not inevitably the case [13]. Left isomerism is associated
with polysplenia, congenital heart disease [12], including
abnormalities of the drainage of the caval and hepatic veins
to the heart [14], and cardiac conduction defects [5, 15].
Abdominal visceral malrotation is another association, but,
other than in the author's original report [1], abnormalities of
airway function such as bronchomalacia have not to the
author's knowledge been previously described.

Bronchomalacia may be congenital or acquired. Congenital
bronchomalacia may be isolated, with generally a good prog-
nosis, at least in the short term [16], and has been described in
association with other congenital abnormalities [17] includ-
ing connective tissue disorders, and Larsen's [18] and Fryn's
[19] syndromes. Acquired bronchomalacia may be iatrogen-
ic after treatment of neonatal respiratory distress [20], second-
ary to extrinsic compression by cysts [21] or the vasculature
[22], complicating obliterative bronchiolitis after lung trans-
plantation [23], and present after surgery for tracheo-oeso-
phageal fistula. WILLIAMS and CAMPBELL [24] described a
syndrome of diffuse bronchomalacia affecting the second to
the seventh generations of the bronchial tree. The occurrence
in two siblings [25] and the very early onset of symptoms
suggest a congenital aetiology. Whether the three children
reported here represent a variant of Williams-Campbell
syndrome or a separate entity cannot be determined without
histological examination of bronchial cartilage which, for
ethical reasons, was not practical in these children. However,
the association of bronchomalacia with an exceptionally rare
triad (normal atrial arrangement, left bronchial isomerism,
normal abdominal viscera) seems very unlikely to have hap-
pened by chance, and suggests that this is truly a new syn-
drome.
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Fig. 2. ± Flow-volume curves from case 2. There is evidence of wide-
spread airflow obstruction, with a reduction in flow rates at all lung
volumes in expiration, and some attenuation of inspiratory flow.
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Diagnosis of bronchomalacia relies first on a high index of
suspicion. If the diagnosis is suspected, it may be confirmed
by fibreoptic bronchoscopy, bronchography or ultrafast CT
[26]. Treatment includes removal of any predisposing
factors, if practical. Medical treatment may be expectant,
with consideration of respiratory support such as nasal
continuous positive airway pressure or ventilation, particu-
larly at night [27, 28]. The diagnosis of bronchomalacia may
not be easy, and, indeed, the flow/volume curves in the older
children (see figure 2) might at first sight suggest that they
had asthma after all. However, the lack of deterioration on
stopping asthma treatment, and, in Case 2, the normal
exhaled levels of nitric oxide, a marker of asthmatic airway
inflammation [3], militates against this suggestion. A more
likely explanation is that the weakness of the bronchial walls
extended into the distal airway generations, beyond the reach
of direct bronchoscopic inspection. Reduced flow at low
lung volumes certainly implies disease of the small airways,
but cannot be specific for the type of distal airway ob-
struction.

Surgical options include airway stenting, if there is loca-
lized disease [29, 30], or aortopexy for tracheomalacia or
central bronchomalacia [31]. Currently, all three cases are
being managed expectantly; the areas of malacia are thought
to be too extensive for stenting and symptoms insufficiently
severe to justify aortopexy.

In summary, three cases of bronchomalacia mimicking
steroid-resistant asthma have been described, and are reported
for two reasons. The first is that they illustrate at least two
important clues that should alert clinicians to diagnoses other
than asthma. These are, that a normal residual volume in the
presence of severe airflow obstruction is never seen in asthma,
and also an unusual bronchial arrangement (left isomerism)
which can be appreciated from a penetrated chest radiograph.
Secondly, the constellation of abnormalities reported together
are so rare that their association with bronchomalacia may
constitute a new syndrome, which broadens the spectrum of
left isomerism sequence.
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