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ABSTRACT A previously healthy two year old boy had an adenoviral infection at the age of 1313
months and developed hyperlucency of the left lung, chronic respiratory distress, and failure to thrive. 2
Bronchodilators and steroid treatment had no effect. Radionuclide lung scans using an intravenous >
bolus of xenon-133 both before and after treatment showed substantially reduced function on the,
hyperlucent side and modestly reduced function on the other side. Fibreoptic bronchoscopy showed2S
no structural abnormalities. Partial forced expiratory flow volume (PEFV) curves, generated from—
end inspiration by rapid compression of the chest wall with an inflatable jacket, were obtained from &
the total respiratory system and from each lung separately by inflating a Fogarty catheter in the:
contralateral mainstem bronchus. Expiratory flow rates and volumes during both tidal breathing and©
PEFV manoeuvres were considerably decreased in the hyperlucent lung. PEFV curves from thes
“healthy” right lung and from the total respiratory system were similar in shape and showed a
moderately obstructive pattern. The right lung ventilated about four times as much as the left when@
measured by bronchospirometry and about three times as much when measured by the rad10nuchde—~
technique. The lung scans appeared to reflect adequately the functional abnormality in this infantS

with the Swyer-James syndrome.

Introduction

Swyer and James' originally described a six year old
boy with one hyperlucent lung after repeated episodes
of bronchitis and bronchopneumonia. The chest
radiograph showed translucency of the right lung with
a substantial decrease in its vascular markings. The
right hemithorax and lung were smaller than the left
and fluoroscopy showed the heart to be shifted to the
right on inspiration, with some restriction of res-
piratory excursion of the right hemidiaphragm. About
the same time Macleod’ reported nine adults with
increased unilateral translucency and decreased vas-
cular markings. The cause of the unilateral
hyperlucent lung syndrome has been thought to be
viral infection, especially infection with adenovirus or
measles virus,>* often with bronchiolitis obliterans.®’

Lung function tests performed on older children
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who could cooperate and adults with unilateral
hyperlucent lung syndrome generally show an ob-
structive pattern®® with a variable reversible compon- =
ent. The contribution of the hyperlucent lung to total 5
lung function has been measured in adults byg g
bronchospirometry*'? and ventilation-perfusion lung S 3
scanning, the latter showing poor perfusion and S
ventilation on the affected side.” " To the best of our 3
knowledge, the extent of regional or total functional 5
impairment of the respiratory system has not been =:
evaluated in young children with unilateral©
hyperlucent lung syndrome. Infants and preschool
children are unable to cooperate in conventional ﬁ
pulmonary function testing but total and regional lung o
function has been evaluated indirectly by the use of, Q
radionuclide imaging and washout curves." " m
Bronchosplrometry and divided lung function tests a
were introduced in 1932 by Jacobaeus and coworkers'®
and have been used in adults, especially before lung S O
surgery.'™" Recently, a new technique for obtaining J 3
partial forced expiratory flow-volume (PEFV) curves 8
in infants and young children was developed in our &
laboratory.®? This technique requires the applicationS
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of pressure to the chest wall at end inspiration, causing
a sudden, maximal expiratory flow to residual volume.
Taking advantage of the new technique, we were able
to study the function of each lung separately in an
infant with Swyer-James syndrome and to compare
the results with those obtained by a radionuclide
technique.

Case history

The boy, now aged three years, was born after 40
weeks’ gestation by forceps delivery with a birth
weight of 3350 g. His mother is a nurse and assured us
that he was healthy until the age of 13 months except
for a few mild upper respiratory tract infections, from
which he recovered completely. At that age he was
admitted to another hospital with a history of high
fever, cough, and dyspnoea for the previous week.
Examination on admission showed respiratory dis-
tress with dyspnoea, grunting, pharyngitis, conjunc-
tivitis, and bilateral otitis media. Crepitations, pro-
longed expiration, and wheezes were heard over both
lungs. The liver was enlarged 7 cm and the spleen 4 cm
below the costal margin. His chest radiograph showed
infiltrates around both hila and in the right middle
lobe and left lower lobe with the development later of
hyperinflation of the left lower lobe. The child was
hypoxaemic with an arterial oxygen tension (Pao,) of
6-5 kPa. His white blood cell count was 8-:3 x 10%/1
with 60% neutrophils, liver enzyme activities (serum
aspartate transaminase and lactate dehydrogenase)
were modestly increased, and blood cultures and
paracentesis fluid from his ear were sterile. He was
initially treated with antibiotics, though the results of
the investigations indicated a viral infection and
subsequently the adenovirus titres rose from 1/20 to
1/960 within two weeks.

He was referred to our department at the age of 15
months for further investigation. The child was
tachypnoeic (60 breaths/min) with decreased breath
sounds over the left lung and diffuse crepitations and
wheeze, more pronounced over the left lung. Chest
radiography showed a smaller and hyperlucent left
lung. A therapeutic trial of steroids, theophylline, and
inhaled salbutamol was undertaken for two weeks,
with no appreciable improvement. Over the next six
months he had repeated trials of alternate morning
oral prednisone and inhaled nebulised budesonide
with no evidence of improvement. The following
special investigations were performed.

Special investigations
METHODS

Xenon radionuclide lung scans
A lung scan was performed as described for infants

and young children," '* except that we used xenon-133

instead of nitrogen-13. In brief, the infant lay supine
over a gamma camera; '*Xe was injected as a bolus via
a peripheral vein while the lungs were scanned for
three minutes and the data stored on a computer. The
computer image of each lung field was divided sub-
sequently into an upper and a lower zone and expon-
ential analysis of the washout of '**Xe from each zone
by ventilation was performed. The perfusion of each
zone was normalised by dividing the peak counts by
the area of the image of the zone and expressing this as
a fraction of the normalised whole lung peak count.
The normal value for this index in our laboratory is
1-02 (SD 0-04), based on measurement of 113 healthy
lung zones in 33 children under three years (K
Uwyyed, personal communication). An index of
adequacy of washout was obtained by calculating the
height/area of the washout curves for each zone. If
ventilation and perfusion are reasonably well matched
this index is the fractional ventilation, but otherwise it
reflects both ventilation-perfusion matching and frac-
tional ventilation. The mean value for this in our
laboratory for a normal child of this age is 3-73 (SD
0-32) (K Uwyyed, personal communication). The tests
were first performed when the boy was 16 months old,
before any trial of treatment, and again when he was
22 months, after prolonged treatment with cortico-
steroids.

Fibreoptic bronchoscopy and divided lung function
Because of the rapid development of unilateral
hyperlucency we decided to undertake fibreoptic
bronchoscopy to exclude any treatable cause of local
obstruction and to obtain sputum for culture. The
bronchoscopy was performed after premedication
with chloral hydrate and pethidine, lignocaine being
used for topical anaesthesia. Oxygen was delivered toa
face mask, through which an infant bronchoscope
(Olympus BF3CF) was passed. Arterial oxygen
saturation, monitored throughout by pulse oximetry,
never fell below 90%. At bronchoscopy there were
purulent secretions in the left bronchial tree and
Haemophilus influenzae was cultured subsequently.
There were no signs of foreign body aspiration or
granulation tissue.

Having obtained informed parental consent, we
carried out divided pulmonary function studies after
the completion of routine bronchoscopy to define the
functional abnormality more exactly. A Fogarty cath-
eter (41-023-5F, outside diameter 1-6 mm) was
introduced through the nose into the trachea and the
infant was prepared for the study of forced expired
flow-volume relationships with the use of the inflatable
jacket system.” The infant breathed through a face
mask held in place by silicone putty, to which a
pneumotachograph was attached. The tubing of the

yBuAdod Aq parosrold 1sanb Ag 20z ‘6 |Udy uo /wod fwig xeloyy//:dny woly papeojumoq '686T |UdY T U0 862+ 7 XYY9ETT 0T Se paysignd 1s.y :xeloy L


http://thorax.bmj.com/

300

Fogarty catheter passed through the putty seal. As the
infant breathed quietly the tidal flow-volume loops
were observed on an oscilloscope. At end inspiration
the jacket was rapidly inflated by opening the tap and
the chest and abdomen were compressed, producing a
rapid expiration from end inspiration to near residual
volume. The pressure was then released and tidal
breathing was allowed for at least 30 seconds before
the next partial expiratory flow-volume (PEFV) man-
oeuvre.

After periods of quiet breathing PEFV curves were
generated with the Fogarty catheter lying deflated in
the trachea, then with the balloon inflated alternately
in the left and right main bronchus, and finally with the
Fogarty catheter completely removed. In each case the
position of the balloon was checked before the test by
the bronchoscope, which was withdrawn completely
before the compression. Different jacket pressures in
the range 20-80 mm Hg were used to obtain the
maximum flow and seven to 10 flow-volume loops
were obtained for each site. To ensure that the infant
was not unduly distressed by occlusion of the better
functioning (right) lung, the balloon was occluded for
only one or two respiratory cycles in the right main
bronchus, sufficient to allow the performance of the
PEFV manoeuvre after one or two “normal’ breaths.
For the analysis of quiet breathing records were
obtained over 30 second periods from both lungs
together and from the better functioning right lung,
but over only one 15 second period from the poorer
functioning left lung.

All data recorded on the tape were subsequently
analysed with the help of a computer (PDP 11/23).
Each PEFV curve was displayed with the preceding
one or two tidal breaths superimposed to determine
the level of functional residual capacity (FRC). Curves
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Partial forced expiratory flow-volume loops from both lungs
together (A), from the relatively normal right lung (B), and
Jfrom the hyperlucent left lung (C). In (A) and (B) the tidal
flow-volume loop preceding the forced expiration is shown as
the dashed line and the forced flow-volume loop by the solid
line with inspiration below and forced expiration above the
zero flow line. The tidal and forced flow-volume loops overlap
considerably. In (C) the tidal flow-volume loop preceding the
occlusion of the right bronchus is shown by the dashed line
(tidal 1), the tidal flow-volume loop after occlusion by the
dotted line (tidal 2), and the forced flow-volume loop by the
solid line.
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Results of xenon-133 studies of the right and left lungs before
and after anti-asthma treatment

Before treatment After treatment

Zone Right Left Right Left

Normalised peak counts (perfusion)
Upper 1-2 09 1-5 0-7
Lower 12 06 1-4 04
Height/area of washout curve ( ventilation)
Upper 2:5 09 27 1-1
Lower 25 07 2:6 0-5

were considered technically acceptable if they met
published criteria.?*

Results

Xenon studies

The results of '**Xe scanning are shown in the table.
There were no major differences between the studies
carried out before and after treatment and no evidence
of any change in function as a result of the medication,
except that the differences between the lungs were
greater after treatment. In both studies the normalised
peak counts (representing perfusion) were somewhat
increased over the whole of the “‘healthy” right lung,
but were diminished over the hyperlucent left lung,
especially over the left lower zone. The washout index
of **Xe (“ventilation”) was moderately reduced on the
right (68% predicted) and substantially decreased on
the left (21% predicted), especially over the left lower
zone. The right lung had about three times as much
perfusion and ventilation as the left lung.

Divided lung function tests

The bronchoscopy and divided lung function tests
were performed when the child was 24 months, two
months after the second radionuclide study. The mean
tidal volume of both lungs together was 75 (SD 4) ml
and total minute ventilation 2-02 I/min. The mean
tidal volume of the right lung was 71 (3) ml and that of
the left lung 17 (2) ml, with corresponding minute
ventilation of 1-94 and 0-53 1/min respectively.

There was no difference in the PEFV curves
obtained with the Fogarty catheter deflated in the
trachea and with it removed entirely. In both cases the
curves showed a severely obstructive pattern, being
convex with respect to the volume axis and with the
flow rate at low lung volumes during tidal expiration
lying close to the PEFV curve (figure A).

The PEFV curves obtained from the right lung and
the hyperlucent left lung are shown in the figure (B and
C). All the flow-volume loops in the figure were lined
up with the FRC of the preceding breath, shown as
zero on the volume scale. In the case of both lungs
together the FRC was that of the breath preceding the
squeeze, and in the case of the individual lungs it was

the FRC of the breath preceding the occlusion of the
contralateral bronchus. The forced expired flows
obtained from the right lung (figure B) at low lung
volumes were the same as those of the total respiratory
system and similarly indicated a severely obstructed
pattern. When the bronchus of the better functioning
right lung was occluded the volume became unstable
and there was an apparent increase in FRC of about
60 ml (figure C, dotted line). The PEFV curve from the
left (hyperlucent) lung was very abnormal, with
extremely low flow rates and volume.

Discussion

The infant in this investigation showed typical features
of the Swyer-James syndrome, which in this case
followed an adenovirus infection. It has generally been
accepted that the disease causes an obliterative bron-
chiolitis of the hyperlucent lung®’ with a consequent
decrease in function, but that for some reason the
other lung escapes significant damage. Our radio-
nuclide lung function studies with '**Xe (table) suppor-
ted this idea as the right lung was functioning relatively
well. In the divided lung function tests the hyperlucent
lung, as expected, functioned very poorly and con-
tributed something less than a quarter of the minute
ventilation with a tidal volume less than the predicted
anatomical dead speace of 23ml. Even in the
“healthy” right lung, however, the PEFV curve had a
very obstructive appearance, suggesting that the dis-
ease had been more generalised although affecting one
lung more than the other. The reason for the apparent
increase in FRC when the relatively healthy right main
bronchus was occluded is uncertain; the possibility
that some air leaked past the balloon and was trapped
in the “healthy” lung on expiration cannot be
excluded.

As the radionuclide test is far easier to perform than
the divided lung function tests, we may ask what
degree of concurrence there was between the results of
the two tests. In previous studies using N we found
the normal range for fractional ventilation after an
inhaled bolus was 2-08-3-90/min." We pointed out,
however, that the index should be age dependent as the
alveolar ventilation per unit lung volume is greater in
infants than in older children or adults. We calculated
that the index should be about 4-00/min in the
newborn and 3-85/min for children aged 1-5 years.
Our current studies using an intravenous bolus of '¥Xe
indicate a similar age corrected normal mean value of
3-73 (SD 0-32)/min. Thus the washout index (height/
area) appears to reflect fractional ventilation, at least
in healthy lung zones. When there is serious venti-
lation-perfusion mismatching there should be a
greater discrepancy between true fractional ventila-
tion and the intravenous bolus washout index. The
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right lung of the present patient had a washout index
about 68% of the predicted rate, which was certainly
abnormal but probably underestimated the true frac-
tional ventilation to some degree because of ven-
tilation-perfusion mismatching. It is interesting
therefore that the ventilation of the right lung cal-
culated from the *Xe scan was about three times that
of the left and the direct measurement of ventilation in
the divided lung function tests showed that the
ventilation of the right lung alone was about four times
that of the left. Even so, the similarity of these
estimates of relative ventilation is encouraging.

In conclusion, in this infant with Swyer-James
syndrome both the isotopic lung scan and the divided
lung function tests showed both lungs to be affected,
one being much worse than the other. The natural
history of the disease and the evidence of adenoviral
infection point to bronchiolitis obliterans as the
underlying pathological process, although we did not
feel justified in undertaking a lung biopsy. The total
lack of objective evidence of any response to cortico-
steroids and bronchodilators is important because we
have seen several such patients, referred to us with a
diagnosis of asthma resistant to treatment. Divided
lung function tests add to our understanding of the
pathophysiological disturbances and can be perfor-
med in patients undergoing fibreoptic bronchoscopy.
In view of the good agreement between the results of
the radionuclide studies and the divided lung function
tests, however, we do not believe that there is a need
for divided lung function tests in routine paediatric
clinical practice.
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