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Pulmonary hypoplasia: lung weight and radial
alveolar count as criteria of diagnosis
S. S. ASKENAZI AND M. PERLMAN

Hadassah Hospital, Jerusalem

SUmmARY A working definition of pulmonary hypoplasia (PH) was established by retrospective
assessment of lung growth both in recognised and hypothetical PH-associated conditions. Lung
weight: body weight ratios (LW:BW) were calculated, and morphometry was determined by the
radial alveolar count (RAC) (Emery and Mithal, 1960). Both parameters were reduced compared
with those of normal controls in diaphragmatic hernia, anencephalus, anuric renal anomalies,
chondrodystrophies, and osteogenesis inperfecta. Comparison of LW:BW ratio and RAC indicated
that the RAC was the more reliable criterion of PH, LW:BW ratio of .0-012 (67% of mean nor-
mal ratio) and/or RAC of < 4.1 (75 % of mean normal count) are suggested as diagnostic criteria of
PH. Evidence ofPH was incidentally discovered in a number of clinically unsuspected cases and retro-
spectively clarified the clinical and radiological findings. Routine assessment of lung growth should
be an essential part of the neonatal necropsy.

Pulmonary hypoplasia (PH) is a poorly defined
condition considered to be almost invariably
secondary to other anomalies and is usually diag-
nosed in association with them; primary or isolated
PH has not been reported (Reale and Esterly, 1973).
PH is lethal within hours of birth in many instances
of diaphragmatic hernia (Potter, 1961; Kitagawa et
al., 1971; Reale and Esterly, 1973), anencephalus
(Potter, 1961; Naeye and Blanc, 1971; Reale and
Esterly, 1973), anuric renal anomalies with oligo-
hydramnios (Potter, 1972; Reale and Esterly, 1973;
Perlman and Levin, 1974; Thomas and Smith, 1974),
and skeletal anomalies restricting thoracic volume
(Finegold et al., 1971). There is however a spectrum
of severity of PH, often proportional to the severity
of the underlying condition, and sublethal forms exist
(Kohler and Babbitt, 1970; Chatrath et al., 1971;
Perlman et al., 1975).

Because histological findings lack specificity
(Potter, 1961; Reale and Esterly, 1973), diagnosis
depends on detection of low lung weight in relation
to body weight (low LW:BW ratio), or of low
alveolar counts determined by morphometric
methods (Reale and Esterly, 1973). Severe PH is easy
to diagnose at necropsy from the low LW:BW ratio
alone, but lesser or borderline PH is more difficult to
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establish. There has been only one study of both
LW:BW ratio and morphometry in a substantial
number of pathological cases (Reale and Esterly,
1973).
These diagnostic criteria of lung growth were

studied in an attempt to establish a working defini-
tion of PH. Lungs of patients dying perinatally with
PH-associated conditions were examined. In addi-
tion to these anomalies, neonates with other condi-
tions in whom there were theoretical grounds to
anticipate PH were examined.

Materials and methods

Material was obtained from the pathology depart-
ments of the Hadassah University Hospital,
Jerusalem; Kaplan Hospital, Rehovot; and the
Soroka Medical Centre, Beer-Sheva. About 200
liveborn and stillborn subjects were selected accord-
ing to recognised PH associations (diaphragmatic
hernia, anencephalus, anuric renal anomalies,
chronic amniotic fluid leakage, and chondrodystro-
phies) and, in unprecedented cases, where PH was
anticipated on theoretical grounds (osteogenesis
imperfecta, hydrops fetalis). In addition, PH was
identified incidentally in some patients who died
during the study period because of a low LW:BW
ratio at necropsy (central nervous system anomalies,
gross ascites due to long-standing meconium
peritonitis). No patient with PH lived for more than
72 hours.
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'Normal' control liveborn and stillborn infants
were selected randomly, but subjects with birth-
weights outside the 10th to 90th centile for gestational
age were excluded. Patients with clinically diagnosed
and pathological confirmed lung disease--such as
hyaline membrane disease and meconium pneumoni-
tis-or with congenital anomalies including heart
defects other than those with PH associations were
also excluded. In all control infants death resulted
from either perinatal asphyxia or traumatic intra-
cranial haemorrhage within 3 days of birth.
The following information was obtained from the

necropsy record: sex, gestational age, body weight,
lung weight, age at death, anatomic diagnoses, and
cause of death. LW:BW ratios were computed.
Morphometry was performed by one ofus (S.A.A.)

at microscopical magnification of x 40, using a
modification of the method of Emery and Mithal
(1960), without knowledge of the anatomical
diagnoses or cause of death. Before beginning the
study, experience of interobserver error was obtained
with the help of Professor E. Rosenmann: the error
was <± 10%. A line was dropped from the centre
of each respiratory bronchiole (bronchioles only
partially lined with epithelium) to the nearest
connective tissue septum at right-angles to the
epithelium. The number of alveolar septi (as distinct
from the number of alveoli counted by Emery and
Mithal) cut by this line were counted. At least 10
counts were made for each patient, mainly from 2-3
histological sections.
Mean values of LW:BW ratios and of RACs and

SDs of the mean were calculated for each diagnostic
group. The significance of the difference of the means
of each of the pathological groups compared with
the control group was determined by Student's t
test. Subgroups of infants <36 weeks' gestation
and >35 weeks' gestation were treated statistically
in the same manner and compared.

Results

Of about 200 cases screened for study, 111 had
adequate perinatal data and histological preparations
suitable for morphometry. LW:BW ratios were not
available in 12 cases. Mean gestational age and mean
birthweight were similar in each group. The data for
LW:BW ratio and RAC for infants of gestational
ages <36 weeks were compared with data for >36
weeks and there was no significant difference, so
the total data were analysed.
With the exception of LW:BW ratios in anen-

cephalics, LW:BW ratios and RAC were much
reduced in each pathological group (Table). The
results are illustrated graphically by plotting LW:BW
ratios against RAC (Figure). Lines were drawn to
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Figure Comparison of lung weight:body weight ratio and
radial alveolar count for each aetiological category as
indicated. Values for individual patients are plotted
according to absolute values of LWW:BW ratio (abscissa,
bottom), and mean RAC (ordinate, left). Additional
horizontal and vertical lines, respectively, represent the
values for the lower limits ofnormalfor RAC and
LW:BW ratio.

indicate the lower limits of normal for each of the
two parameters. The number of measurements
below the normal range (mean -2 SDs) for each
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Table Lung weight; body weight ratios and radial alveolar counts in different aetiological categories
Group Category Mean Mean Lung weight :body weight ratio Radial alveolar count

gestational birthweight
age (kg) No. of Mean SD Range No. of Mean SD Range
(weeks) cases cases

Normal 38
Diaphragmatic hernia 38
Anencephalus 38
Renal anomalies 36

2-8
2-7
2-2
2-4

17
17
20
23

0-018 0-003 0-012-0025
0-009 0-006 0-003-0020
0-016 0-006 0-005-0.025
0.01 0-004 0-005-0016

17
23
22
27

5-3
3-1
3-1
3 *2

0-6
0.5
0-4
0-8

4-1-6-3
2-04-1
2-5-3 *7
2.1-5-6

5 Chondrodystrophies 36 2.5 4 0.01 0.004 0-006-0-015 4 3.5 0-2 3.4-3.8
6 Osteogenesis

imperfecta 36 1-9 4 0.007 0-001 0-005-0008 4 3.2 0.4 2-6-3-5
7 Amniotic fluid

leakage 35 1-7 2 - - 0.012-0.016 2 - - 2-0-2.4
8 Hydrops fetalis 34 2-1 8 0.013 0-007 0.001-0.021 8 4.4 1.0 3.1-5-6
9 Hydrocephalus 38 3-2 2 0-008 - 0.005-0011 1 - - 4.0
10 Meconium peritonitis 37 2-8 1 - - 0-012 1 - - 3.8

P value for the differences of the means of each of the groups 2-6 and of group 1 was at least <0*01 for LW:BWratio and <0.005 for RAC.

group was greater for LW:BW ratio than for RAC.
The number of cases with values for both LW:BW
ratio and RAC within the normal range is also given.
Complementary use of the two criteria failed to
detect PH in only a very few cases.

Discussion

Pulmonary hypoplasia is diagnosed in 7 8 to 1099/%
of neonatal necropsies and in about half of necrop-
sied neonates with congenital anomalies (Driscoll
and Smith, 1962; Pryse-Davies, 1972; Sultana et al.,
1973), yet diagnostic criteria of PH have not been
established. Whereas histological descriptions of PH
have limited value (Potter, 1961; Reale and Esterly,
1973), the RAC provides a simple objective measure-
ment of 'relative paucity of alveoli' or 'crowding of
bronchial structures' which is unaffected by the state
of expansion of the lungs (Emery and Mithal, 1960).
At present PH is usually identified from associated
anatomical diagnoses, such as those studied by
ourselves. However, the diagnosis is often over-
looked, especially when diagnostic associations are
lacking. Moreover, a prejudiced diagnosis of PH
may be made when anticipated from diagnostic
associations.
Our results of LW:BW ratios and RAC are

similar to those of Emery and Mithal (1960) when
differences in the method (see Materials and
Methods) are accounted for (RAC alveolar count =
RAC alveolar septal count -1).
While we agree that typical histological changes of

PH are due to quantitative rather than to qualitative
factors (Reale and Esterly, 1973), we have reserva-

tions about anencephalus. We note a discrepancy
between the LW:BW ratio and the RAC (Fig. la)
which is only partially explained by a spuriously low
body weight due to absence of the brain. With the
exception of cases with associated thoracic skeletal

anomalies (Potter, 1961), the pathogenesis of PH
in anencephalus has never been satisfactorily
explained. This inconsistency between LW:BW ratio
andRAC suggests a specific delay in alveolar develop-
ment, possibly related to the hypothetical role of the
pituitary in lung growth (Jain et al., 1973). Animal
models of anencephalus produced at 0 60 7 of
gestation do not appear to have fewer air sacs
(Blackburn et al., 1972; Meyrick et al., 1975) but
the validity of the model for study of lung growth
throughout gestation is questionable.
Necropsy studies of lung development in diaphrag-

matic hernia are not fully representative of this
condition, as patients with less severe PH survive.
In survivors there is a tendency towards progressive
improvement postoperatively but normal lung
function values may never be attained (Chatrath
et al., 1971).

In the renal anomaly group the mean values for
LW:BW ratio and the RAC were lower than those
reported by Reale and Esterly (1973). This is
explained by the fact that the latter study included
unilateral renal anomalies, which are probably
unassociated with PH (Perlman and Levin, 1974).

In our study we showed that PH is the probable
cause of death in osteogenesis imperfecta congenita,
presumably as a result of restriction of lung growth
by the skeletal lesion, as occurs in chondrodystro-
phies (Finegold et al., 1971). PH was also demon-
strated in some instances of hydrops fetalis, as
reported by Chamberlain et al. (1977), and may have
been caused by the thoracic space-occupying effects
of large pleural effusions and raising of the dia-
phragm by tense ascites and gross hepatospleno-
megaly. It is suggested that a similar mechanism
exists that raises the diaphragm in PH associated
with ascites in meconium peritonitis.
There is fairly good agreement of reported normal

values of lung weights or LW:BW ratios in different
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series (0.18-0 022) (Schultz et al., 1962; Potter,
1972; Reale and Esterly, 1973), but by excluding
lungs with oedema and exudates, Emery and Mithal
(1969) arrived at a mean LW:BW ratio of 0-013.
Normal lung weight is greatly influenced by post-
natal absorption of lung fluid (Aherne and Dawkins,
1964). In spite of these limitations, an LW:BW ratio
<0-012 suggested PH at all gestational ages in our
material. This value was outside the range of our
normal controls but was higher than half the normal
mean (0.009) arbitrarily suggested by Potter (1972)
as a criterion of PH. In those instances of PH
discovered incidentally, a LW:BW ratio <0-012
led to confirmation of the diagnosis of PH by RAC,
and in the light of this diagnosis the clinical and
radiological manifestations were retrospectively
made more comprehensible.
Data on the number of measurements of each

parameter that came within the normal range
(Figure) suggest that in each case, the RAC provides
a clearer definition between PH and normal subjects
than the LW:BW ratio. It should be pointed out that
the difference between the mean normal RAC (5 * 3)
and lower limit of normal (4@1) becomes greater
when these values are raised to the third power
(149 v. 69) in order to produce a 3-dimensional
measure (i.e. number of alveoli in terminal respira-
tory units) from the single dimension that the RAC
represents (Emery and Mithal, 1960).
We suggest the following guidelines for the diag-

nosis of PH. LW:BW ratio <0 009, PH very likely,
RAC not obligatory. LW:BW ratio 0*010-0*012,
PH probable, RAC indicated for confirmation of
diagnosis. LW:BW ratio 0 013-0 017, PH possible,
RAC desirable. LW:BW ratio >0 018, PH unlikely,
and RAC probably not indicated. Where RAC is
estimated, a value <75% of the mean normal value
(equivalent to 43% of cubed value) for that labora-
tory probably indicates PH.
PH is rarely diagnosed in living patients but there

is increasing awareness of this condition (Renert et
al., 1972; Leonidas et al., 1975). The existence of a
spectrum of lung hypoplasia has been recognised but
this is not shown in a necropsy study owing to lack
of representation of less severe or borderline PH
patients who are excluded from study by virtue of
their survival (De Lorimier et al., 1967; Burkle and
Bravo, 1969; Potter, 1972; Perlman et al., 1975).
Finally, the role of impaired lung growth in other
neonatal pulmonary conditions-such as hydrops
fetalis and even hyaline membrane disease-has not
been fully explored.

We thank Professor E. Rosenmann for interpreting
lung histology, and Professor B. Czernobilsky and
Professor M. Sachs for access to material.
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