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The importance of atelectasis in the production of
bronchiectasis has been frequently discussed during
the past 15 years.

Theoretical considerations suggest that an obstruc-
tion preventing aeration of a lobe or segment of
affected lung may be due to plugging of the bronchial
lumen, alterations in the bronchial wall, or extra-
bronchial compression (Anspach, 1939). Moreover
it would appear probable that the very narrow lumen
of the bronchi and the relative weakness of their
walls in infancy are factors which make absorption
collapse more probable in respiratory lesions at this
age.

Chevalier Jackson (1950) has produced a com-
prehensive list of almost every possible cause of
absorption collapse. Brock, Cann and Dickinson
(1937) have demonstrated the importance of extra-
bronchial compression by enlarged lymphatic nodes
and Lander and Davidson (1938) by both experi-
mental and clinical methods showed how secretions
or solid matter within a bronchus might cause
obstruction and lead to atelectasis and bronchiec-
tasis.

Several clinical conditions have been widely
recognized as precursors of absorption collapse.
Particularly careful investigation has been made in
the case of primary tuberculosis (Brock et al., 1937;
Graham and Hutchison, 1947: Hutchison, 1949;
Macpherson and Lutwyche, 1950; Jones, Peck and
Willis, 1946) and pertussis (Nicholson, 1949; Lees,
1950). Pneumonia and upper respiratory infections
find a place in all lists of general causes of collapse
(Field, 1949; Anspach, 1939; Paulson and Shaw,
1949; Oswald, 1947), and pneumonia has received
special attention (Wyatt, 1942).

In the present series, 77 children aged 5 years or
under, suffering from lobar or segmental atelectasis,
were studied at the Duchess of York Hospital for
Babies during the period February, 1950, to
December, 1952. The children were seen both as in-
patients and out-patients, and all were followed in
the out-patient department until re-aeration had

taken place and for at least six months thereafter, or
until the establishment of bronchiectasis had been
confirmed.

Investigations
Clinical Examiation. Large areas of collapse pro-

ducing typical physical signs could be detected
clinically but small areas of segmental collapse were
usually only discovered radiologically. Clinical
assessment was the most important means of
deciding the underlying cause of the collapse.

Radiokogy. In all cases serial antero-posterior and
lateral films were taken and confirmed, where
necessary by screening. The radiological appearance
of lobar and segmental collapse has been described
in detail by Foster-Carter and Hoyle (1946) and
Robbins and Hale (1945) and in most cases the x-ray
shadow could be fitted into one or other category
which they describe. The value of screening in the
demonstration of a collapse of the right middle lobe
and occasionally of the left lower lobe was mani-
fested frequently. Positive x-ray findings were con-
sidered essential for the diagnosis of collapse.
When the collapse persisted for a year or longer

bronchography was performed and repeated if
necessary at yearly intervals. Lipiodol was always
used as the contrast medium; a general anaesthetic
was given after preliminary drainage.

Laboratory Investigation. Examination of the
blood has not proved of any value in the diagnosis
or prognosis of the collapsed lobe itself but white
cell counts and estimations of the erythrocyte sedi-
mentation rate have in many cases helped to throw
light on the lesion causing the collapse and its state
of activity. Bacteriology has in some cases shown the
presence of a similar organism in nasal swabs, antral
washings and pus from bronchial aspiration, but
these results are not sufficiently extensive to warrant
any definite conclusions.

Tuberculin Tests These were performed in every
case to a dilution of 1 in 100 O.T. and repeated if
necessary.

Otorhinological Investigations. Radiography of the
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PULMONARY ATELECTASIS IN YOUNG CHILDREN1
sinuses was frequently undertaken but proved of
little diagnostic help; a continuous purulent nasal
discharge seems to be a much more important
positive finding. Antral lavage was performed, if
necessary more than once, and bacteriological
examination of the results in these cases has been
useful. Tonsils and adenoids were removed when
necessary. Bronchoscopy was performed in 13 cases,

and was found of great value in diagnosis but not in
treatment.

Treatment. This must be directed towards two

ends, treatment of the underlying cause and re-

expansion of the collapse.
It is not within the scope of this paper to discuss

how the factors causing the collapse should be dealt
with, but it must be emphasized that this line of
attack is probably the most important way of
ensuring eventual re-expansion. Postural drainage,
tapping and adequate physiotherapy, where there is
no extramural compression, are the main weapons

in dealing with the atelectasis. Bronchoscopy is use-

ful from the diagnostic point of view, but except in
cases of infective atelectasis or post-anaesthetic
inhalation, when the child is usually too ill for it to
be attempted, does not seem to be of much advan-
tage. Gans (1952) has undertaken routine broncho-
scopy in 50 cases with immediate results slightly
better than in this series, but final figures for eventual
re-expansion or bronchiectasis may prove to be
similar.

Results
It was found that the diseases predisposing to

atelectasis fell into six main groups; acute infective
atelectasis, primary tuberculosis, pneumonia, asthma,
pertussis and upper respiratory infection.

Tables 1, 2 and 3 show the various groups of
diseases in relation to age at onset, lobes affected,
and duration and outcome of the collapse. For pur-

poses of clarification it has been found expedient to
deal with 100 'incidents' rather than the 77 cases, as

in many of these children more than one factor
might be at work, either simultaneously or conse-

cutively: for the purpose of tabulation, when two
or more lobes or segments were collapsed at the
same time both have been noted, and recurrent
collapses have been counted each time they occurred;
thus there is a total number of 129 lobes involved.

Acute Infective Atelectasis. This condition has been
described by Scadding (1948) and by Jersild and
Riskaer ( 1951), and it is probable that as more

recognition is paid to it as an entity more cases will
be so described.
There were nine incidents in this group; all the

children were under 1 year at the onset, and six were

under 3 months. The right upper lobe was affected

in eight cases and in the ninth, segments of the left
upper and middle lobes were affected simultaneously.
In all cases re-aeration occurred in a year or less.
The typical history is that of an acute upper

respiratory infection for a few days, followed by a
sudden onset of respiratory distress: a diagnosis of
bronchopneumonia is frequently made as the
physical signs of a segmental collapse may be
difficult to elicit in a small baby. It is suggested that
the frequent involvement of the right upper lobe in
these cases is due to the supine position of the infant,
and the actual cause of the collapse is plugging of
the bronchial lumen by viscid mucus or mucopus.
Four of the patients in whom there was right

upper lobe collapse suffered from dorsal scoliosis,
and the point has been raised as to which was the
original lesion. It is quite possible that an idiopathic
scoliosis might lead to twisting of the trachea and
main bronchi and facilitate blocking of a bronchus
by plugs of secretion; on the other hand the scoliosis
might be of thoracogenic origin. All these spines
were straight by the time the patients were 1 year
old, re-aeration taking place first.
One other case was of particular interest. She was

a twin and was admitted at the age of 4 months,
having had a 'cold' for a week. The other twin had
died suddenly five days previously and necropsy
revealed plugs of mucopus blocking the trachea and
right main bronchus. The surviving twin had a
segmental collapse of the left upper and lower lobes,
which became re-aerated within four weeks under
treatment with penicillin and oxygen.
Primary Tuberculosis. This has long been recog-

nized as a cause of absorption collapse in childhood.
Grounds for diagnosis in this group were a positive
Mantoux reaction associated with one or more con-
firmatory features including other manifestations of
active tuberculosis, the presence of tubercle bacilli
in gastric washings, recent Mantoux conversion,
symptoms of illness in a child under 2 in whom the
previous state of the tuberculin test was not known,
or recent contact with active tuberculosis.
There were 15 incidents im this group. It is recog-

nized that an incidence of 1500 is probably not a
truly representative proportion due to primary
tuberculosis and that a large number of children with
this condition may not be seen at a children's
hospital but may attend the local chest clinic.
Only two children in this group were under 1 year

of age at the onset. Twenty-three lobes were involved
in the 15 incidents, and the high ratio of lobes per
patient is largely due to the fact that in two cases the
whole left lung was originally involved, and in two
other cases different segments on the right side were
recurrently affected. All lobes were involved but the
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172 ARCHIVES OF DISEASE IN CHILDHOOD
TABE 1

AGE AT ONSET

Number of Incidents at Age of Onset

Unde I Year Over 1 Year

Age in Monfts Total Total

Disease 0-2 3-5 6-8 9-11 1 2 3 4 5

Acute infective ateectasis .. 6 2 1 9 9

Primary tubrcwoss .. I 1 2 3 3 3 4 15

Pneumonia . . 2 1 5 8 2 1 2 1 14

Asthma .. .1 2 1 4 1 3 4 1 1 3

Pertussis .. .2 2 4 2 4 1 1 1 13

Upperrspuator infect .. 2 2 6 10 5 8 4 5 4 36

11 7 4 15 37 13 19 14 12 5 100

TABLE 2
LOBES AFFEECTED

Lobe Affected

No. of Right Side Left Side
Discase Incidents Total Ratio

U. M. IL Total U. Ling L. Total Lobes R:L

Acute infective atectasis.. 9 8 8 1 1 2 10 4-0: 1

Primarytuberculosis.. 15 5 6 3 14 3 2 4 9 23 1-6:1

Pneumonia .. 14 3 4 2 9 7 7 16 1-3:1

Asthma. 13 4 7 4 15 2 4 6 21 2-5: 1

Pemtussis. 13 1 7 4 12 1 5 6 18 2-0:1

Upperesitoryinfection.. 36 5 1h7 6 28 1 12 1 3 41 2-2:1

100 26 41 19 86 8 2 33 43 129 2-0: 1

U=upper. M=middle. L=Iower. Ling.=Iingula
TABLE 3

DURATION AND OUTCOME

Re-aeration Pending Bronc_iectasis Confirmed No.
0I

Under 1 year 1-3 yers
- ~~~~~~~~~~ox

Under 2 years 2-4 years Isi-
A_ t

Under 6 months 6-1 1 months

Disease Under Under
1/12 1- 3- 6- 9- 1 2 3 6/12 6- I yr. 1-11 1i-2 2 3 4

2/12 5/12 8/12 11112 11/12

Acute infective 2 2 2 2 1 9
atelcas

Primary
tuberculosis 1 2 4 1 1 2 2 1 1 15

Pneumonia 1 3 2 1 1 1 1 1 2 1 14

Asthma 2 4 4 1 1 1 13

Pertussis 4 1 1 1 1 1 1 2 1 13

Upper

infectio 2 9 8 4 2 1 1 2 1 2 2 2 36

8 24 21 9 2 5 2 1 7 4 1 5 6 2 3 100

72% re-aerated. 17% deveklped bronchiectasis.
53-% re-erated in less than 6 months.
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PULMONARY ATELECTASIS IN YOUNG CHILDREN
right middle lobe was the most frequently affected
and the ratio right to left was 1 6 :1.

Re-aeration has taken place in 11 of these children,
in seven cases in under six months. One case has
developed bronchiectasis in the left lower lobe and
lingula and three others are still under observation.
Brock et al. (1937) and Hutchison (1949) have

shown the importance of glandular enlagement in
causing compression of bronchi and obstructive
atelectasis in these cases, although it has also been
shown by Daly, Brown, Lincoln and Wilking (1952)
that oedema of the bronchial wails, plugging with
debris, or stenosis may also play a part. The fact that
re-aeration took place in a comparatively short time
in almost half of the cases in this series suggests that
the precipitating factor was one of short duration
acting where the bronchial lumen was already
narrowed. 'Wheezing' has long been recognized as
one of the symptoms of primary tuberculosis when
atelectasis is present, but by analogy with other con-
ditions in which this symptom is observed it is
probably due to oedema or spasm of the whole
bronchial tree, rather than a manifestation of local
collapse. When present it has been treated effectively
with anti-histaminics: in several cases these asthma-
like symptoms persisted after the collapse had
disappeared and all signs of tuberculous activity had
clared.

Pneumonia. There were 14 incidents in which
pneumonia rather than acute infective atelectasis
appeared to be the main cause of collapse. Eight of
the patients were under I year of age at the onset, a
proportion higher than that of the overall figures.
Sixteen lobes were affected by ateectasis and the
left lower lobe was the most frequently involved.
The ratio of right to left collapse was 1 3: 1. Eight
patients have shown re-aeration (six in less than six
months) and in five cases bronchietasis has
developed. Two are still under observation.

Asthma. There were 13 incidents in this group.
Fbur of these cases were purely allergic in origin,
being associated with other manifestations of
allergy, and showing at one time or another eosino-
phil counts greater than 1,000 per c.mm. Eight were
infective in origin, being associated with bouts of
upper respiratory infection and pyrexia, and the
allergic symptoms responded dramatically to anti-
histaminics; in two cases the upper respiratory
infection was sufficient to cause chronic enlargement
of the hilar glands. In only one of these cases was
the eosinophil count greater than 1,000 per c.mm.
In the thirteenth case the sensitizing agent may have
been tuberculin. Of asthma leading to collapse, bouts
occurred several times in the presence of enlarged
tuberculous hilar glands, and the eosinophil count

was over 1,500 per c.mm. The age distribution
appeared to follow the general pattern.
Twenty-one lobes were involved, illustrating the

ubiquitous nature of the underlying cause. In four
cases one particular segment showed transient
recurrent collapses, while in four other cases
different lobes were involved in different episodes.
The ratio of right to left collapses was 2 5: 1.

Re-aeration of the colapse within six months has
taken place in all cases except one: in this child, who
developed bronchiectasis of the right middle lobe,
the asthma was associated with chronic upper
respiratory infection and persistent hilar adenitis,
and was probably a secondary manifestation.
Perta. Thirteen incidents are reported but it is

realized that the distribution is not truly representa-
tive, as in all but one case the children attended on
account of a cough persistng for some weeks after
the onset ofpertis, and thus a number of transient
collapses sustained during the acute phase of the
disease must have been missed.
The incidence of pertussis in all the children under

observation was as follows:

Not had peussis . . 35 cases.
No reord 17 cases
Known to have had pertussis but not consideredsignicant 5 cases
Developed perumiss during period of observation, but

did not develop atelectasis.. 7 cases
Pcrtussis thought to be cause of collapse . . 13 cases

77 cases

The age at onset in this group tended to follow the
general pattern.

Nineteen lobes were involved, the right middle
being the most frequent, and the right to left ratio
was 2 0 : 1. Re-aeration has taken place in seven
cases, in five within six months. Four children have
developed bronchiectasis. Two cases are still under
observation.
Upper Respiatory Infecto. By far the largest

number of incidents, 36, fell into this category.
In six of the cases acute upper respiratory infec-

tion was present. In the emainng 30 cases the
infection was chronic; 17 had chronic enlargement
of the hilar glands, demonstrated radiologically, and
persisting over long periods; 13 had chronic sinusitis
or infected tonsils and adenoids without obvious
glandular enlargement. All these patients had
negative tuberculin reactions.
The distribution of age-groups at the onset of the

collapse followed the general trend.
Forty-three lobes were involved, the right middle

being the most commonly affected and the left lower
being next in incidence. The right to left ratio was
22 :1.

Re-aeration has taken place in 27 cases, in 19 in
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ARCHIVES OF DISEASE IN CHILDHOOD

less than six months. Six have developed bronchi-
ectasis. Three are still under observation.

Disas
The value of this series of cases lies in the fact that

it is a study of a particularly young age-group and
that most patients (although not all) have been
followed from the onset of the collapse and the
diagnosis is not retrospective.

Table 4 illustrates and compares the findings of
previous workers in dealing with atelectasis and
bronchiectasis.
Oswald (1947) described 50 cases of collapse in-

volving the lower lobes in a group of very young

children. He found pneumonia to be the commonest
cause, and cited one case of infected antra, three of
primary tuberculosis and seven of pertussis. He was

dealing only with lower lobes and thus the series is
not truly representative; it is one of the few in which
a left to right preponderance was observed.

Field (1949) described 272 cases of atelectasis in
which 157 did not show bronchiectasis. Of these she
ascribed the cause as pneumonia in 966%, pneu-
monia with pertussis or rubeola 108%, pertussis
alone 1477%, asthma and bronchitis 7-8%, upper
respiratory infection, insidious or not specified,
43 7°'. The right to left ratio was 1 -56: 1.

Paulson (1949) described 32 cases of lobectomy
for atelectasis of the right middle lobe in an older
age-group; 15 of these patients had simple glandular
enlargement and in eight others the nodes were

calified and probably tuberculous.
In the urban conditions under which most of the

patients described in this paper live a high incidence
of upper respiratory infection is to be expected, and
it would appear to be a precipitating and perpetu-
ating factor in a large proportion of cases of
atelectasis.
McLaurin (1935) has shown that iodized oil

introduced into the nasal sinuses can be seen

radiologically to find its way into the lungs within
24 hours, and he also demonstrated in animals a

lymphatic spread to the hilar glands of a mixture of
indian ink and tubercle bacilli injected into the upper
respiratory tract. It thus seems quite feasible that
chronic upper respiratory infection of whatever
nature may lead to gross hilar lymphadenopathy
often associated with constant dripping of infected
material into the trachea. Indeed in many cases this
has appeared to be the only explanation of the
presence of a collapsed lobe, and in some cases has
been the only factor in the production of bronchi-
ectasis. In this series the fact that the right middle
lobe (41 times) and the left lower lobe (33 times)

TABLE 4
COMPARISON WITH PREVIOUS SERIES

Ateectasis or Subjective Underlying Ratio
Author Date Bronchiectasis Pathology No. of Cases R: L

Graham and Hutchison 1947 Atelectasia Primary tuberulosis 45 2-00: 1

Hutchison . .1949 Ateectasis Primary tuberculosis 30 1-73 : 1

Macpherson and Lutwyche 1950 Atelectasis Primary tuberculosis 39 3-30: 1

Daly et al.. 1952 Atelectasis Primary tuberculosis 43 3 -30: 1

Nicholson .1949 Atelectasis Pertussis 1-89: 1

Lees .1950 Atelectasis Pertus 65 0-93: 1

Oswald .1947 Atelectasis All causes lower lobes oniy 50 0-69: 1

Field . .1949 Atelectasis All causes 272 1-56:1

Raia . .1938 Bronchiectasis All causes 33 0-89: 1

Perry and King 1940 Bronchiectasis All causes except tuber- 400 0-78: 1
culosis

Diamond and Van Loon .. 1942 Bronchidtaais All causes 75 1 08: 1

Jones, Peck and Willis .. 1946 Bronchiectasis Primary tuberculosis 24 1-00: 1

Schmidt 1947 Bronchiectasis All causes except tuber- 158 0-82: 1
culosis

Field . .1949 Bronchiectasis All causes 160 0-85: 1

Whitwell 1952 Bronchiectasis Al (a) 160 (a) 0-35 : 1
(a) folicular
(b) atelectatic (b) 21 (b) 2 00: 1

Griffiths Present series Atelectasis All causes 77 2-00: 1

174

copyright.
 on M

ay 15, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.28.139.170 on 1 June 1953. D
ow

nloaded from
 

http://adc.bmj.com/


PULMONARY ATELECTASIS IN YOUNG CHILDRENV 175
were the most frequently affected by atelectasis
suggests the importance of glandular enlargement
associated with several of the precipitating diseases.

Except for Oswald's (1947) series of collapsed
lower lobes and Lees' (1950) series of collapse in
pertussis, all reported series of cases of atelectasis
have shown a preponderance of right to left in ratios
varying from 1 - 56: 1 to 3 30: 1. The reverse con-
dition would appear to hold for cases of bronchi-
ectasis. Right to left ratios varying from 0 35: 1 to
0 89 :1 have been reported by all workers except
in a series due to tuberculosis reported by Jones
et al. (1946) where the ratio was 1: 1, and Diamond
and Van Loon's (1942) series in which the ratio was
1-08:1.
Whitwell (1952) divided bronchiectasis into three

types: follicular, atelectatic and saccular. Atelec-
tatic bronchiectasis shows a similar distribution to
that of atelectasis and follicular bronchiectasis a
very marked left-sided preponderance.

In this series 11 children developed bronchiectasis
in 15 lobes. The right middle was affected four
times, the lingula twice and the left lower lobe nine
times. Thus approximately one-tenth of right middle
lobes affected became bronchiectatic, and a quarter
of left lower lobes. In the majority of cases re-
aeration took place within six months, and this was
particularly true when the cause of the collapse was
of a transient character such as a plug of mucopus
in infective atelectasis or oedema of the bronchial
wall in asthma.
The longer the collapse persists the more probable

becomes the onset of bronchiectasis, partly because
of the duration of dilatation and partly because of
the increased risk of infection. Most workers
emphasize the importance of infection in causing
irreversible bronchiectasis. It would appear that the
process of dilatation is reversible (Lander and
Davidson, 1938; Field, 1949) and that it is only when
destruction of muscle and elastic elements in the
bronchial wall takes place that the bronchiectasis
becomes irreversible (Engel, 1947). Of these 77 cases,
11 children, i.e., 1 in 7, developed bronchiectasis and
the highest incidence was in those conditions,
pneumonia (1 in 2 8), pertussis (1 in 3 75), and

upper respiratory infection (1 in 6), where infective
elements were the greatest.

Summary
Atelectasis in 77 children aged 5 years and under

has been described.
The age of onset, cause and duration of the

collapse have been discussed in detail, with special
reference to the importance of upper respiratory
infection.
The place of atelectasis in the aetiology of bronchi-

ectasis has been considered in relation to the figures
produced by other workers.
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