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Diagnosis of congenital cystic adenomatoid
malformation of the lung in newborn infants and
children

H A Heij, S Ekkelkamp, A Vos

Abstract
Seventeen patients were diagnosed as
having congenital cystic adenomatoid
malformation of the lung during 1970-88.
One case was associated with congenital
diaphragmatic hernia and the child died
before operation. The other 16 children
underwent successful surgery. The
patients presented in one of three ways-
with neonatal respiratory impairment
(12 cases) requiring urgent diagnosis and
treatment, with recurrent respiratory
tract infections (3), and with pneumo-
thorax (1). Diagnostic problems arose
with the neonatal presentation. In four of
the children laparotomy was performed
for presumed diaphragmatic hernia;
three of these children had right sided
lesions. Congenital diaphragmatic hernia
was excluded by contrast studies in a
further two patients. Histological exam-
ination confirmed the diagnosis in all
cases. The postoperative course was un-
eventful in all 16 patients. No long term
impairment of pulmonary function was
noted.

Congenital cystic adenomatoid malformation
of the lung may cause severe respiratory
problems in the newborn. Urgent diagnosis
and operation are indicated to relieve the
increased intrapleural pressure and mediastinal
shift. At surgery excision of the lesion may be
performed at leisure as soon as the affected part
of the lung is brought outside the thorax. The
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long term prognosis after successful surgery is
good. The diagnosis is often made by chest
radiography, but differentiation from congen-
ital diaphragmatic hernia may be difficult. A
cystic adenomatoid malformation can be detec-
ted by antenatal ultrasound; this makes it
possible to transfer the mother to a paediatric
surgical centre before delivery.'

Cystic adenomatoid malformation some-
times leads to stillbirth with fetal hydrops. In
addition to antenatal and neonatal problems, it
may cause recurrent respiratory tract infections
in later childhood.
We report our experience with 17 patients

with congenital cystic adenomatoid malfor-
mation, 16 of whom had successful surgery.
The various types ofpresentation and diagnos-
tic problems are discussed.

Patients and methods
Since our previous report on seven cases of
cystic adenomatoid malformation of the lung,2
10 more patients have been diagnosed in our
units-a total of 17 patients having presented
from 1970 to 1988. The table gives details ofthe
patients. One premature baby of 730 g, who
also had a left sided congenital diaphragmatic
hernia, died before operation. At necropsy

cystic adenomatoid malformation of the right
lower lobe was found, but was not thought to be
a cause of death.3
Of the other 16 patients, 12 developed res-

piratory distress immediately after birth, three
presented with (recurrent) respiratory tract
infections at 2 weeks and 6 and 10 months

Details of 17 patients with congenital cystic adenomatoid malformation of the lung

Patient Age at Method of
No Sex Symptoms: since Site Operation operation diagnosis*

1 F Dyspnoea: birth LLL Segment I day 1
2 F Dyspnoea: birth RML Lobectomy 1 day 1, 9
3 M Dyspnoea: birth LUL Lobectomy 8 wk 1, 2, 3,4
4 M Dyspnoea: birth RLL Segment 0 day 1
5 F Dyspnoea: birth LUL Segment 1 day 1, 6
6 M Dyspnoea: birth RML Lobectomy 0 day 1, 9
7 M Dyspnoea: 2 wk LUL Lobectomy 2 wk 1, 7
8 F Dyspnoea: birth RUL Segment 4 days 1
9 M Dyspnoea: <3 wk LLL Lobectomy 6 wk 1
10 M Dyspnoea: birth LLL Lobectomy 2 days 1, 2
11 M Dyspnoea: birth RLL Lobectomy 0 day 1, 8, 9
12 M Dyspnoea: birth RLL - - Necropsy
13 M Dyspnoea: birth LUL Lobectomy 1 day 1

14 M RTI: 6 mo LUL Segment 4 y 1,2,3,4
15 M RTI: 1 wk RLL Lobectomy 3 wk 1
16 F RTI: 10mo LUL Lobectomy 11mo 1,2,3,5

17 M Pneumothorax: 12 y LLL Lobectomy 12 y 1

*1.-Chest radiography; 2-bronchoscopy; 3-bronchography; 4-ventilation-perfusion scanning; 5-computed tomography;
6-contrast upper gastrointestinal study; 7-contrast enema; 8-antenatal ultrasound; 9-laparotomy.
RTI-respiratory tract infection; LL-lower lobe; ML-middle lobe; UL-upper lobe; L-left; R-right; segment-segmental
resection.
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Diagnosis of congenital cystic adenomatoid malformation of the lung in newborn infants and children

Figure 1 Chest
radiograph of a newborn
infant with cystic
adenomatoid malformation
of the left lung, showing
multiple cystic structures.
The mediastinum is shifted
towards the right and the
left diaphragm is not
visible.

Figure 2 Chest
radiograph of a newborn
infant with congenital
diaphragmatic hernia on
the left.

Figure 3 Barium
swallow from the patient
whose radiograph is shown
in figure 1. The stomach is
located in the abdomen,
confirming the diagnosis of
congenital cystic
adenomatoid
malformation.

respectively, and one patient presented with
pneumothorax at the age of 12 years.4 All but
two children were born at term and had a
normal birth weight. Most of the lesions-10
out of 17-were located on the left side, six in
the upper lobe and four in the lower lobe. Of
the right sided lesions, four were in the lower
lobe and two in the middle lobe.
The clinical diagnosis of cystic adenomatoid

malformation was made by chest radiography
alone in seven cases. In four patients broncho-
scopy was also performed, but showed no
abnormalities except for some displacement of
the bronchial tree. In three of these patients
bronchography showed diminished filling of
the diseased left upper lobe; ventilation-
perfusion scanning showed a perfusion defect
of the left upper lobe.

The malformations and their outcome
The differentiation between congenital cystic
adenomatoid malformation and diaphragmatic
hernia in newborn infants was a major diagnos-
tic problem. Four babies had a laparatomy for
the erroneous diagnosis of congenital diaphrag-
matic hernia, which in one case had been
apparently established antenatally with ultra-
sonography. When an intact diaphragm was
found at operation a thoracotomy was perfor-
med in the same session in all these patients.
Three of them had right sided lesions. In two
other patients doubt existed about the diag-
nosis of congenital diaphragmatic hernia; one
had a contrast upper gastrointestinal study and
the other a contrast enema to confirm the
normal position of the intestine.
A final diagnosis of congenital cystic

adenomatoid malformation was confirmed by
histological criteria-namely, the presence of
cystic structures of varying size, with an epi-
thelial lining arranged in adenomatoid

The figures are reproduced
from Vos and Ekkelkamp'
by courtesy of Hippocrates
Verlag.
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patterns, in the absence of any cartilage or
inflammation.5
There were additional congenital malforma-

tions in some of these children: one boy also
had a congenital diaphragmatic hernia; a girl
had a split hand deformity; and a boy developed
hydrocephalus, for which he had successful
shunt surgery.
The postoperative course was uneventful in

all 16 cases. The mean duration of post-
operative hospital stay was 10 days. Long term
pulmonary function is good in all children and
we have not seen any spinal deformities as a
result of the neonatal thoracotomy.

Discussion
Congenital cystic adenomatoid malformation is
considered to be a local aberration of paren-
chymal tissue with an excessive overgrowth of
bronchioli that fail to join alveolar mesen-
chyma.7 The older term, hamartoma, should
be avoided. The following histological criteria
for congenital cystic adenomatoid malfor-
mation have been generally accepted: (1) vary-
ing sized cysts, lined by cuboidal to columnar
epithelium; (2) polypoid configuration of the
mucosa of the cysts; (3) absence of cartilage; (4)
presence of a group of mucogenic cells lining
the cyst wall; (5) absence of inflammation.5 A
distinction is often made between cystic, solid,
and intermediate lesions; but as its relevance to
clinical practice is not clear we did not apply it
to our cases.
The diagnosis of cystic adenomatoid mal-

formation should be suspected when a new-
born infant develops respiratory distress with
diminished breath sounds on one side. It
should be noted whether the abdomen is
scaphoid, as this may point to the diagnosis of
diaphragmatic hernia. The chest radiograph in
congenital cystic adenomatoid malformation
shows multiple cystic structures in one hemi-
thorax with a shift of the mediastinum to the
opposite side. The ipsilateral hemidiaphragm
is so severely depressed that it may not be
discernible (fig 1). The position of the naso-
gastric tube confirms the mediastinal shift;
with congenital cystic adenomatoid malfor-
mation (in contrast to some cases of congenital
diaphragmatic hernia) the tip is below the
diaphragm.

In clinical practice the main difficulty is to
differentiate between cystic adenomatoid mal-
formation and diaphragmatic hernia when con-
fronted with a newborn infant with respiratory
impairment and an abnormal chest radiograph
(fig 2). This is illustrated by the fact that in four
of our patients with neonatal respiratory
problems we performed a laparotomy for a
presumed diagnosis of diaphragmatic hernia.
In three cases the lesion was on the right side.
Diaphragmatic hernia is not only much more
common than cystic adenomatoid malfor-
mation but it also occurs on the left side in nine
out of 10 cases. Cystic adenomatoid malfor-
mation should be seriously considered there-
fore in neonates with respiratory impairment
and a right sided lesion on the chest radiograph.
We propose the following guidelines for the

investigation of newborn infants in whom
cystic adenomatoid malformation is suspected.
If the position of the tip of the nasogastric tube
is below the diaphragm, contrast should be
instilled to locate the intestine, as we did twice
in our patients (fig 3). If the stomach or
intestine is above the diaphragm, the diagnosis
of congenital diaphragmatic hernia is con-
firmed and laparotomy should be performed. If
the stomach and intestine are below the dia-
phragm and the baby is in distress, thora-
cotomy should be performed as an intra-
thoracic cause is most likely. If the child is not
distressed, additional diagnostic measures are
warranted, computed tomography being
probably the most helpful. Bronchoscopy,
bronchography, and radionuclide scanning are
of limited value in our experience, but they may
help to exclude other pulmonary diseases.
Ultrasonography has been reported to be
useful in both antenatal and postnatal diagnosis
of cystic adenomatoid malformation.'8 Others
have advocated angiography.5

It is also important to differentiate cystic
adenomatoid malformation from various other
congenital thoracic malformations. Congenital
lobar emphysema is caused by bronchial ob-
struction in half the cases, and by alveolar
dysplasia in the other half.9 It may also cause
respiratory impairment by air trapping in the
neonatal period. It is almost always located in
the upper lobes of the lungs. The chest radio-
graph shows hyperlucency rather than cystic
structures. The management is identical to
that of cystic adenomatoid malformation.
Bronchogenic cyst and pulmonary sequestra-
tion are abnormalities of ventral foregut bud-
ding and originate either from the tracheo-
bronchial tree or from the gastrointestinal
tract. They do not usually cause acute
problems in the newborn.6
The treatment of congenital cystic adeno-

matoid malformation is always surgical as soon
as the diagnosis is made. Thoracotomy and
delivery of the hyperinflated lobe into the
wound brings immediate relief of the venti-
latory and circulatory problems. Lobectomy is
usually necessary, but segmental resection is
occasionally feasible.'0
Rhabdomyosarcoma was reported in a 2 year

old girl who was known to have had congenital
cystic adenomatoid malformation for more
than a year without symptoms. Elective
excision of congenital malformations of the
lung has therefore been advocated as soon as
the diagnosis is made."
The postoperative course was uneventful in

all our cases and long term follow up has not
shown any restriction of pulmonary function.
We conclude that cystic adenomatoid mal-

formation should be considered in the differen-
tial diagnosis of respiratory impairment in the
newborn. Differentiation from congenital
diaphragmatic hernia may be difficult in those
with acute distress. Contrast studies and pos-
sibly ultrasound or computed tomography may
help if the condition of the infant allows further
investigations. Once the diagnosis has been
made, further management is straightforward
excision of the diseased portion of the lung.
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Prognosis, both short and long term, is
excellent.
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