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Hyaline membrane disease and intraventricular
haemorrhage in small for gestational age infants
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sUMMARY 19 small for gestational age (SGA) infants with gestational ages <32 weeks were
matched with 19 appropriate for gestational age (AGA) preterm neonates with similar risk factors
for intraventricular haemorrhage and hyaline membrane disease. Gestational age, 1- and 5-minute
Apgar scores, type of delivery, survival rate, use of corticosteroids before delivery, sex, twinning,
presence of premature rupture of membranes, and birth date were comparable in the two groups.
Gestational age of both groups was 30 (±1.8) weeks, and birthweights were 919 (± 202) g (SGA
group) and 1268 (± 212) g (AGA group). The incidences of hyaline membrane disease and intra-
ventricular haemorrhage were different: 74 and 42% respectively for AGA neonates, 5 and 11%
respectively for SGA infants. We suggest that a stressful environment in utero may enhance matur-
ation and prevent hyaline membrane disease and intraventricular haemorrhage.

Hyaline membrane disease (HMD) and intra-
ventricular haemorrhage (IVH) are common in very
low birthweight infants and occur in association,
except in very immature neonates.1-2 Necropsy
studies suggest that HMD affects primarily appro-
priate for gestational age (AGA) infants,3-5 whereas
it is uncertain whether IVH is more common in
these same AGA babies.4 Early neonatal morbidity
differs in AGA and small for gestational age (SGA)
infants as a result of the different problems occurring
in each group.6 The future neurological outcome of a
very low birthweight infant also appears to be deter-
mined by the presence or absence of IVH.7-8 There-
fore, it would be useful to know which babies are
likely to be at high risk for IVH.

This retrospective study was performed to deter-
mine whether there is a difference in the occurrence
of IVH and HMD in SGA infants of very low
birthweights compared with AGA infants of very
low birthweights with similar risk factors.

Materials and methods

Our study group comprised 239 infants weighing
< 1500 g, gestational age < 32 weeks, admitted from
January 1976 to June 1978 to the neonatal intensive
care unit at Texas Children's Hospital in the first
24 hours of life. Of that group, 19 were classified as
SGA based on birthweight <10th centile on the

intrauterine growth curve. The remaining 220 were
classified as AGA9 (Table 1).
The following data were abstracted from charts of

babies enrolled in the study: birthweight, gestational
age, type of delivery, sex, 1- and 5-minute Apgar
scores, use of corticosteroids before delivery, pro-
longed rupture of membranes for more than 24
hours, and presence or absence of HMD and IVH.
Gestational age was determined by maternal dates
and physical assessment.10 If physical criteria
differed from the maternal dates by more than 2
weeks, the clinical assessment was used. The
diagnosis ofHMD was based on the presence of an
expiratory grunt, chest wall retractions, oxygen
requirements of F1o2 0 5 or greater, the presence of
a reticulogranular pattern on chest x-ray, a clinical
course compatible with HMD, and necropsy data.
IVH was diagnosed clinically by the presence of
seizures, apnoea, sudden cardiovascular collapse,
and sudden drop in haematocrit; it was confirmed
by full fontanelle, bloody cerebrospinal fluid which
did not clear, and posthaemorrhagic hydrocephalus,
and by computerised tomography (CT) scan during
the acute phase of the IVH (first 10 days of life), and
necropsy data. All SGA infants were normal by
physical examination except for the problems related
to prematurity. Congenital infections were ruled out
clinically and by laboratory studies.
To determine if an association existed between the
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occurrence of HMD or IVH and the birth groups
AGA and SGA, the entire AGA and SGA groups
were included initially in the comparison. However,
there are large imbalances between AGA and SGA
infant groups in the distribution of risk factors for
HMD and IVH, and these imbalances could
account for a significant association. To correct for
the inequity in distribution, a matching scheme was
devised. Each of 19 SGA infants was matched to a
AGA infant with matching variables that are known
to be risk factors for IVH and HMD. The selection
was based on comparable gestational age, Apgar
scores at 1 and 5 minutes, type of delivery, survival,
use of corticosteroids 24-hours before delivery, sex,
twinning (twin A with twin A; twin B with twin B),
prolonged rupture of membranes, and birth date.
The matching system was based on analysis of the
risk factors for development of HMD" and IVH.12
Proximity of birth date was included in the system
to avoid the influence of different manag6ments on
the occurrence ofIVH.

Statistical analysis of the data was performed by
using Student's t test and x2 analysis where indicated.

Results

A general description of the whole population is
given in Table 1. Table 1 shows that an AGA infant
appears to have a higher risk for IVH and HMD.
For the whole AGA population the survival rate was
65% with an occurrence of HMD and IVH of 51
and 44% respectively. The incidence of IVH before
routine use of CT scan was 43 %. With the use of CT
scan for diagnosis of IVH a similar incidence
(45 %) was recorded.
The mean birthweight ofAGA infants was greater

than that of the SGA group at the same gestational
age. However, 1- and 5-minute Apgar scores, type
of delivery, twinning, survival rate, presence or
absence of prolonged rupture of membranes, and
sex werecomparable between the two matched groups
(Table 2). The survival rate was 89% in both groups.
The pregnancy complication rate of the SGA infants
was higher than that of the AGA group. In the

Table 1 Data ofstudY population
Appropriate for Small for
gestational age gestational age
(n =220) (n=19)

Gestational age (weeks)* 28-8 + 1*9 30 + 1 .8
Birthweight (g)* 1103 ± 235 919 + 202
HMD 110 (51%) 1 (5 %)t
IVH 97 (44%) 2 (11 %)t
Survival 143 (65 %/) 17 (89%)

* Mean i SD. t P<0-001.

Table 2 Data of study patients
Appropriate for
gestational age
(n= 19)

Gestational age (weeks)*
Birthweight (g)*
Apgar score

1 minute*
5 minutes*

Sex
Male
Female

Race
Black
White
Others

Premature rupture of
membranes

Type ofdelivery
Vaginal
Caesarean section

Singleton births
Twins
Twin A
Twin B

Corticosteroids given before
delivery

Outcome
Survivors
Deaths

30±1*8
1268 ±212t

5-2±2-3
7-1±1-4

10
9

6
13
0

7

14
5
16

3
0

2

17
2

Small for
gestational age
(n= 19)

30±1- 8
919±202

5 2±2-2
6-6±2-0

11
8

5
13

1

5

14
5
16

3
0

2

17
2

* Mean ± SD. t P<0-001.

Table 3 Occurrence ofhyaline membrane disease (HMD)
and intraventricular haemorrhage (IVH)

Appropriate for Small for
gestational age gestational age
(n= 19) (n= 19)

HMD 14(74%) 1(5%)(P<0.001)
IVH 8(42%) 2 (11%) (P<0.05)

SGA group these were: pre-eclampsia (4), chronic
hypertension (1), discordant twins (1).

In the matched groups the occurrence ofHMD and
IVH was 74 and 42% respectively, whereas in the
SGA group this was 5 and 11 % (Table 3). Statis-
tically, these figures were different.

Discussion

The usual occurrence ofHMD has been reported as
46% in infants < 32 weeks' gestational age'3
whereas for IVH it is 43% in infants with birth-
weights < 1500 g.14 92% of all IVH in premature
infants is reported in babies <32 weeks' gesta-
tional age.'5 Our series gave the same figures. When
we analysed our whole population (AGA + SGA
infants) the presence of HMD was 47% and that
of IVH 41 %.

In a previous study we found that the presence
of HMD and IVH differs according to maturity of
the infants.2 In the more mature AGA preterm
infants (birthweight 1001-1500 g) the occurrence
of HMD is an important factor associated with the
presence of IVH. However, in the very small AGA
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infants (birthweight < 1000 g) immaturity over-
shadows any other factor.'-2 It was suggested by
Gluck and Kulovich16 that certain maternal diseases
-such as pre-eclampsia, hypertensive renal disease,
and diabetes class D, E, and F-accelerate lung
maturity. This finding suggested the possibility that
in SGA infants there may be a lower incidence of
HMD and consequently a lower incidence of IVH.
The comparison between the whole AGA group

and the small sample of SGA infants was made more
difficult by the imbalance in risk factors between
both groups. Furthermore, the whole AGA group
had a lower mean gestational age. A matching
system following rigid criteria was used to deal
with such inequities. Known risk factors from other
studies for HMD" and IVH12 were selected to be
used for matching criteria. The resulting two groups
were comparable in gestational age and risk for
development of HMD and IVH. We are aware that
our sample is small.
From our data we suggest that the likelihood of

HMD and IVH in SGA infants < 32 weeks' gesta-
tional age is lower than in a control AGA infant
group with similar risk factors. Intrauterine stress
to the fetus in abnormal pregnancies may accelerate
lung maturity.16 It is also known that the ad-
ministration of corticosteroids to pregnant women
before a premature delivery matures fetal lungs.'7
However, it is not well established whether endo-
genous cortisol prevents HMD.'8 The role of other
hormones in the occurrence of HMD has been
investigated also.'9 At present we are not aware of
biochemical data, obtain-d at b-rth, which may
reflect the stressful environment experienced by SGA
infants and its relationship with presence or absence
of HMD. A clinical study has demonstrated that
infants with accelerated lung maturity (measured by
L/S ratio) have accelerated neurological maturity at
birth.20 Impaired autoregulation of the cerebral
circulation has been suggested as an important
finding in the occurrence of IVH in distressed pre-
term infants.2'23 We suggest that AGA infants
could have a more immature autoregulation of the
cerebral circulation than SGA infants. Patho-
logical information comparing central nervous
system maturity-that is, decreased germinal matrix
or evidence of increased vascular integrity-between
SGA and AGA infants is not available. An anatomi-
cal difference may also be a determinant in the
pathogenesis ofIVH.

Thus, our study suggests that an SGA infant with
the same risk factors for HMD and IVH as an AGA
infant has a lower probability of developing these
clinical entities. However, it does not determine
whether a cause-effect relationship exists between
HMD and IVH.
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Commentary

J S WIGGLESWORTH
Hammersmith Hospital, London

At first glance the results of this interesting study
appear to conflict with the findings of several
previous authors that babies dying with IVH tend
to be small for gestational age (SGA).1-2 Careful
examination of the data presented in this paper
suggests that the conflict with studies based entirely
on necropsy findings may be more apparent than
real.
The authors have established clearly that theirSGA

group had a significantly lower incidence of both
HMD and IVH than the AGA infants, and that
these differences persisted when the SGA infants
were compared with a subgroup of AGA infants
matched for gestational age and other risk factors
for IVH. However, at the mean gestation of 30
weeks recorded in the matched study groups, the
hypoxia and hypercapnia associated with develop-
ment ofHMD may of themselves represent the most
important 'risk' factors causing loss of auto-
regulation with resultant cerebral hyperperfusion

and IVH.3 IVH is seldom found at necropsy in
infants without HMD born at a gestational age of
30 weeks or more.4 From the analyses presented it
is thus not possible to tell whether the low incidence
of IVH in the SGA group was purely a consequence
of biochemical maturation of the lungs by prenatal
stress, or was related in part to a concomitant
advance in maturation of structure or autoregu-
latory function in the brain.

In addition, the limitation of analysis to infants
< 1500 g birthweight has excluded from the study
many AGA infants of 28-32 weeks' gestational age.
This means that the AGA group may contain a high
proportion. of relatively undergrown infants. This
in no way detracts from the main finding that
severely growth-retarded infants may be protected
from developing IVH by the effects of chronic pre-
natal stress. It does however allow the possibility
that less severe degrees of fetal growth impairment,
not associated with advance in lung maturation,
could increase susceptibility to IVH as indicated by
previous studies. It would be interesting to know
whether, among infants with HMD, those who
developed IVH were of lower birthweight for
gestation than those who did not. This might help
to answer the outstanding question as to whether
fetal growth retardation confers an increased or
decreased risk of developing IVH when any effects
on lung maturation are excluded.
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