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The effects of corticosteroid administration before
preterm delivery: an overview of the evidence from

controlled trials
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MARC J. N. C. KEIRSE

Summary. Continuing differences of opinion among obstctricians and
neonatologists about the place of corticosteroid administration before
preterm delivery have prompted us to carry out a systematic review of
the relevant controlled trials, using methods designed to minimize sys-
tematic and random error. Data from 12 controlled trials, involving
over 3000 participants, show that corticosteroids reduce the occurrence
of respiratory distress syndrome overall and in all the subgroups of trial
participants that wc cxamined. This reduction in respiratory morbidity
was associated with reductions in the risk of intraventricular haemor-
rhage, necrotizing enterocolitis and neonatal death. There is no strong
evidence suggesting adverse effects of corticosteroids. The risks of fetal
and neonatal infection may be raised if they are administered after pro-
longed rupture of the membranes, but this possibility is not substan-
tiated by the results of the available trials. The available data on
long-term follow-up suggest that the short-term beneficial effects of
corticosteroids may be reflected in reduced neurological morbidity in

the longer term.

In the course of investigating the initiation of
labour in sheep, Liggins (1969) observed that
lambs born preterm after exposure to cortico-
steroids in utero survived longer than control
lambs. A subsequent randomized, placebo-con-

Department of Obstetrics and Gynaecology,

University College Dublin, Coombe Lying-In
Hospital, Dolphin’s Barn, Dublin 8, Ircland

PATRICIA CROWLEY

National Perinatal Epidemiology Unit, Radcliffe
Infirmary, Oxford OX2 6HE, UK
IAIN CHALMERS

Departments of Obstetrics and Gynaecology, Leiden
University, Rijnshurgerweg 10, 2333 AA Leiden, The
Netherlands, and University of Leuven,
Gasthuisberg, Herestraat, 3000 Leuven, Belgium
MARCJ. N. C. KEIRSE

Correspondence: Patricia Crowley

trolled trial of betamethasone administration in
women who were expected to be give birth pre-
term found a statistically significant reduction in
the frequency of respiratory distress in babies
born before 32 weeks gestation and a fivetold
reduction in neonatal mortality among preterm
babies born after corticosteroid compared with
placebo administration (Liggins & Howie 1972).

Since these classic studics, several further
investigations have suggested that antenatal
administration of corticosteroids reduces neo-
natal morbidity. However, 18 years after the trial
described by Liggins & Howie (1972) there con-
tinues to be variation in obstetricians’ use of
antenatal corticosteroids in women who are
expected to give birth preterm. A survey of prac-
ticc among fellows and members of the Royal
College of Obstetricians and Gynaecologists
resident in the UK showed that 42% used this
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treatment ‘frequently’, 40% ‘sometimes’, and
18% ‘never” (Lewis e al. 1980). In a similar
study of obstetricians in northern Belgium and
the Netherlands, Keirse (1984) also found a widc
variation in practice, with only 32:5% of respon-
dents using the treatment ‘routinely’.

These variations in practice among obste-
tricians reflect differing interpretations of the
evidence of efficacy and safety of antenatal
corticosteroid therapy. Differences of opinion
also exist among neonatologists. Roberton
(1982) for examplc suggested that cortico-
steroids only benefit white, male infants, and
that, even for them, the benefit is mainly among
those born between 30 and 32 weeks gestation.
Avery {1984) by contrast has condemned the
obstetric community’s failure to accept ante-
natal corticosteroid administration as ‘an essen-
tial intervention to prevent respiratory distress
syndrome’.

Thesc differences of opinion may, in part,
result from overemphasis on the results of a
single trial, or a secondary analysis within a par-
ticular trial. Because the sample sizes of individ-
ual trials are relatively small, estimates of the
effects of corticosteroids are likely to vary widely
as a result of the play of chance (random error).
Investigators may sometimes have concluded
that differences between corticosteroids and pla-
cebo did not exist because the differences were
not statistically significant in these trials and sub-
group analyscs.

In an attempt to clarify the extent to which
these phenomena have led to conflicting opin-
ions, which obviously exist among clinicians, we
have incorporated data derived from as high a
proportion as possible of all relevant placebo-
controlled, randomized trials in a single analysis.
In this way, we have attempted to minimize not
only systematic crror (bias), but also random
error (the play of chance).

Materials and methods
Identification and selection of relevant studies

We attempted to locate all published reports of
controlled trials of corticosteroid use in
threatened or planned preterm delivery using
the Oxford Databasc of Perinatal Trials (Chal-
mers 1988). (Details of the database and the
completeness of its coverage of perinatal trials
are available elsewhere: Dickersin er al. 1985;
Chalmers et al. 1986, 1989.) In an attempt to
locate unpublished trials, lettcrs were sent to

42000 obstetricians and paediatricians in 18
countries (Hetherington er al. 1989).

Using these two approachces, we identified a
total of 23 potentially rclevant trials. On closer
analysis, four of these proved not to be random-
ized controlled trials (Baillie e /. 1976; Dluho-
lucky ef al. 1976; Kleinschmidt ez al. 1977; Szabo
et al. 1977), and one had amalgamated random-
ized with non-randomized cases (Simpson &
Harbert 1985); so these five trials were cxcluded.
Three trials (Farrell er al. 1983; Gunston &
Davey 1978; Whitt er al. 1976) assessed the
effccts of antenatal corticosteroid adminis-
tration only in terms of the results of laboratory
tests (e.g. lecithin: sphyngomyelin ratios); these
were also excluded from our analysis, since clini-
cal data were not available.

In three of the remaining 15 trials, allocation
had not been simply to either corticosteroid
administration or no administration of cortico-
steroids, but to a larger ‘package of care’ of
which corticosteroid administration was but one
component (Garite ef al. 1981; lams et al. 1985;
Nelson et al. 1985); these trials were excluded
from the main analysis. All three of the trials in
this last catcgory involved women with pre-
labour rupture of thc membrancs (PROM) pre-
term who were not in labour at the time of
admission to the study. Data from these trials
have therefore been included in a secondary
analysis, restricted to women with PROM.

Data presented in multiple reports of the same
trial have been amalgamated (the New Zealand
trial: Liggins & Howie 1972, 1973, 1974; Howie
& Liggins 1973, 1977, 1980, 1982; Liggins 1976;
the (US) Collaborative Group on Antenatal Ste-
roid Therapy 1981, 1984; Bauer et al. 1984; Bur-
kett er al. 1986; Schneider et al. 1988; and the
Amsterdam trial: Schutte et al. 1979, 1980,
1983). Because failurc to report the outcome of
all cases randomized and selective reporting of
data on relevant outcomes may lead to biased
estimates of trcatment effects, we contacted
investigators in an effort to obtain missing data.
We are indebted to the investigators who helped
us in this way (see Acknowledgments).

A total of 12 trials, involving over 3000
women, was thus available for the main analysis.
Table 1 lists the cntry and exclusion criteria,
treatment and diagnostic regimens and com-
pleteness of reporting for these 12 trials. Four of
the 12 trials (Block et al. 1977; Collaborative
Group on Antcnatal Steroid Therapy 1981;
Schmidt et al. 1984; Morales et al. 1986) pro-
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vided scparate data on women with PROM.
These data have been incorporated in the secon-
dary analysis of this subgroup of women, along
with data from the threc additional trials
referred to above (Table 2).

Methodological quality of the published studies

In addition to the requests for missing data,
authors were asked, where necessary, to provide
information on their study methods. This
enabled us to assess the methodological quality
of each study in terms of control of bias at entry,
control of selcction bias after entry, and control
of observer bias in assessing outcomcs. The cri-
teria we used to assess the likely influence of
thesc three sources of bias have been described
elsewhere (Prendiville et al. 1988; Chalmers ef
al. 1989). The trials included in this overview are
generally of high methodological quality; but in
each array of trial results presented below, stud-
ies have been ranked according to our assess-
ment of the likelihood that the comparisons may
have been biased. Trials of cquivalent quality
were ranked by date of publication.

Statistical methods

The results of each trial have been presented
using the odds ratio together with its 95% con-
fidence interval (CI). The odds ratio is the ratio
of the odds of a negative outcome (for example,
respiratory distress) versus a positive outcome
(no respiratory distress) among those allocated
to corticosteroids, to the odds of the negative
outcome versus the positive outcome among the
controls. Because random variation may lead
the odds ratio in individual trials to be over-
estimated or underestimated, we used mcthods
described by Peto and his colleagues (Peto et al.
1976 Collins et al. 1985; Yusuf et al. 1985) to
analysc data within the framework of an over-
view (meta-analysis) of information derived
from each of the relevant trials identified (Chal-
mers ef al. 1989). The effect of corticosteroids in
each trial is measured by O —E, where O is the
observed number of individuals suffering the
outcome in question among those allocated
corticosteroids, and E is the number that would
have been expected on the basis of the experi-
ence of the corticosteroid and placebo groups
combined. The sum of the differences derived
from each individual trial [Z (O —E)], combined
with the sum of the variances of these differences

[Z Var (O—E)], have been used to provide an
estimate of a ‘typical odds ratio’:

Exp (2 (O—EY/[Z Var (O—-E))).

This statistic is an expression of any tendency
that may exist for those receiving steroids to do
better or worse than those who received pla-
cebo. Its 95% Cl is calculated as follows:

Exp [E (O— E)/E Var (O—E)] +
1-96/% Var (O—E)

Results
Neonatal respiratory distress

The occurrence of nconatal respiratory distress
is the principal outcome reported in the 12
eligible trials identified. The data presented in
Table 3 show that antenatal corticosteroid
administration is associated with an overall
reduction of about 50% in the odds of this form
of neonatal morbidity (typical odds ratio 0-49,
95% CI 0-41-0-60).

Tn a secondary analysis stratificd by time inter-
val between trial cntry and dclivery, the point
estimate of a 70% reduction in the odds of
developing respiratory distress (typical odds
ratio 0-31, 95% CT 0-23-0-42) among babies
born between 24h and 7 days after cortico-
steroid administration suggests that the protec-
tive effect is morc marked in thesc cir-
cumstances, and this {s biologically plausible.
Nevertheless, babies born outside this time
interval also bencfit, albeit to a lesser extent
(typical odds ratio 0-69, 95% C10-50-0.94) (Fig.
1).

There is no evidence to support the view that
the effect on the incidence of respiratory distress
is confined to babies born within a particular ges-
tational age range. Most of the babies random-
ized in these trials were born between 30 and 34
weceks gestation; the overall results thus tend to
reflect the experiences of these babics in par-
ticular. Nevertheless, analyscs based on data
derived from the seven trials from which data are
availablec show that corticosteroid adminis-
tration is followed by an unambiguous and
important reduction in the risk of respiratory
morbidity among babies born at less than 31
weeks gestation (typical odds ratio 0-38, 95% CI
0-24-40-60) (Table 4). Respiratory distress is such
a rare condition among babies born after 34
weeks gestation that the available data yielded
only 29 affected babies from cight trials. The
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Table 3. Effect of corticosteroids before preterm delivery on respiratory distress, overall

Qdds ratios and 95% CI

Numerical Graphical
Treated Control

Study n (%) n (%) 01 0.5 12 10

Liggins & Howie (1972) 49/532 (921)  B4/S38  (15-61) 056 o
(039-0-80)

Block et al. (1977) 5/69 (7-25) 12/61 (19-67) 0-34 RE——
(0-12-0-94)

Schutte er al. (1979) /64 (17-19) 88 (29-31) 0-51 N
(0-22-1-18)

Taeusch ez al. (1979) 7156 (12-50) 14/71 (19-72) 0-60 —
(0-23-1-52)

Doran ef al. (1980) 4/81 @94 10063 (15-87) 0-29 I
(0-16-0-88)

Teramo et al. (1930) 3/38 (7-89) 3/42 (7-14) 111 [ FI——
(0-21-5-83)

Gamsu et al. (1989) 7131 (5-34) 16/137 (11-68) 045 —_
(0-19-1-05)

Collaborative Group (1981) 42371 (1132)  359/372  (15-86) 0-68 ]
(0-45-1-03)

Morales et al. (1986) 30121 (2479) 63124 (50-81) 0-33 I
(0-20-0-56)

Papageorgiou et al. (1979) 7 (9-86) 2375 (30-67) 028 _—
(0:13-0-63)

Morrison et al. (1978) 6167 (8-96) 14759 (23-73) 0-33 —_—
(0-13-0-87)

Schmidt er al. (1984) 9/34 (26-47) 10731 (32:26) 0-76 PR
(0-26-2-20)

Typical odds ratio 049 -
(0-41-0-60)

typical odds ratio of 0-62 and its 95% CI ((-29-
1-30) is, however, consistent with those derived
from other subgroups, although (because it
includes 1-0) it is also compatible with chance
variation.

There is no evidence from the few available
data that infant gender influences the protective
effect of corticosteroids on the risk of neonatal
respiratory distress described above. The typical

odds ratio for males is 0-43 (95% CI 0-29-0-64);
for females itis 0-36 (95% CI0-23-0-57) (Fig. 1).

The separate analysis of corticosteroid admin-
istration after PROM (see below) indicates a
reduction in neonatal respiratory morbidity of a
similar order to that described for other
subgroups.

In summary, we have not been able to identify
any subgroup of babics for which it can be con-

[ T T 1
24-168 h e
<1 and >7 days _t
<31 weeks +
>34 weeks 1
Males t
Females +
Overall —_—t
L ! ! 1t
02 0-4 0-7 1 1-5
Odds ratio

Fig. 1. Effccts of corticosteroid administration before preterm delivery on the
occurrence of neonatal respiratory distress, by interval between corticosteroid
administration and delivery, gestational age at delivery, and infant gender (typical odds

ratio and 95% confidence interval).
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Table 4. Effect of carticosteroids before preterm delivery on respiratory distress in babics <31 weeks gestation

Qdds ratios and 95% CI

Numerical Graphical
Treated Control
Study n (%) n (%) 0-01 01 05 12 10
Liggins & Howie (1972) 10/36 (27-78) 15/26 (5769 029 —
(0-11-082)
Taeusch ef al. (1979) 13 (33-33) 4/6 (66-67) 0-30
(0-02-4-18)
Gamsu e al. (1989) 4429 (13.79) 7439 (17.95) 0-74 _
: 0:20-2-70)
Collaborative Group (1981) 6110 (60.00) 6 (43-75) 1.87 —
{0-40-8-R0)
Morales et al. (1986) 17/53 32-08) 3252 (61-54) 031 —
(0-14-0-66)
Papageorgiou er al. {1979) US (40-00) 1112 ©1-67) 0.07 —_—
0-01-0-73)
Morrison et al. (1978) 6/36 (16:67) 11/28 (39-29) 032 S
(0-11-0-97)
Typical odds ratio 038 ——
(0-24-0-60)

cluded that corticosteroid administration before
preterm delivery is nor associated with a reduc-
tion in the risk of neonatal respiratory morbidity

(Fig. 1).

Other forms of neonatal morbidity

In addition to promoting functional maturation
of the fetal lungs, corticosteroids may have
similar ‘primary’ effects on other organs.
Furthermore, because corticosteroids reduce
the risk of respiratory morbidity, they might be
expected to have ‘secondary’ effects by reducing
those complications of respiratory morbidity
and its treatment which involve other organ
systems. The data available for examining this
possibility are limited, but they suggest that the
odds of both periventricular haemorrhage and
necrotizing, enterocolitis arc reduced by any-
thing betwcen 10 and 80% after corticosteroid
administration (Fig. 2). The reduction in serious
neonatal morbidity is likely to explain the statis-
tically significantly shorter mean durations of
hospital stay among cortiscosteroid-treated
infants in the two trials for which these data were
reported (Collaborative Group on Antenatal
Steroid Therapy 1981; Morales et al. 1986).

Early neonatal mortality and morbidity in later
infancy

These significant reductions in serious forms of
nconatal morbidity are reflected in a substantial
reduction in the risk of early neonatal mortality
(typical odds ratio 0-59, 95% CI 0-47-0-75)
(Table 5).

Itis important to assess whether this reduction
in the risk of death was achieved at the cost of an

increased prevalence of morbidity among sur-
vivors. Because of the reduced nconatal mor-
tality rate in corticosteroid-treated babies,
survivors in the corticosteroid arms of these
trials had a lower mean gestational age at
delivery than survivors in the control groups. In
the light of this difference, one might expect sur-
vivors in the corticosteroid groups to be more
likely to have impaired function than survivors
in the control groups.

Three follow-up studies have been published
(Butterfill & Harvey 1979; MacArthur et al.
1981, 1982, 1989; Collaborative Group on Ante-
natal Steroid Therapy, 1984). Unfortunatcly, the
study reported by Butterfill & Harvey (1979)
amalgamated non-randomized with randomized
cohorts, and it is not now possible to disaggre-
gate the data to allow unbiased comparisons to
be made between the steroid-treated and the
control groups (Harvey, personal communica-
tion). Data from the two studies that followed up
surviving members of randomized cohorts are
reassuring. If anything, they suggest that neuro-
logical abnormalities are less frequent among
babies whose mothers received corticosteroids
than among controls (typical odds ratio 0-61,
95% CI 0-34-1-08) (Table 6).

Possible fetal, neonatal and maternal risks

The randomized trials analysed here do not pro-
vide any evidence that fetal exposure 10 cortico-
steroids is accompanied by any increased risk of
fetal death: stillbirth occurred with almost iden-
tical frequency in the two groups (odds ratio
1-03, 95% C10-68-1-54). In the subgroup of par-
ticipants who had pre-eclampsia in the Auckland
trial (Howie & Liggins 1977), there were 12 fetal
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Fig. 2. Effects of corticosteroid administration before preterm delivery (typical odds ratio and 95%

confidence interval).

deaths in participants who had received cortico-
steroids, and none among controls. All these 12
deaths were associated with proteinuria of
>2 g/24h for more than 14 days, a severity of
disease that was not found in any of the placebo-
trcated women. The investigators recognized
that this unpredicted difference may have arisen
by chance, and recommended that the hypoth-
esis it had generated should be tested in further
research. Although similar numbers of hyper-
tensive women have participated in later trials

(Morrison et al. 1978; Collaborative Group on
Antenatal Steroid Therapy 1981; Gamsu et al.
1989), there have been no further fetal deaths
among their babies, so the hypothesis remains
unsubstantiated.

The point estimate of the typical odds ratio for
maternal infection is just above 1, that for fetal
or neonatal infcction just below 1 (Tables 7 and
8), but the 95% CI of both point estimates are
quitc wide. A further analysis, restricted to
women with prolonged rupture of the mem-

Table 3. Effect of corticostervids before preterm delivery on early neonatal deaths

Odds ratios and 95% CI

Numerical Graphical
‘Ireated Control

Study n (%) n %) 01 65 12 10

Liggins & Howie (1972) 36/532 (6:77)  60/538  (1115) 0-58 —_—
(0-33-0-89)

Block et af. (1977) 1/69 (1:45) 5/61 {8-20) 0-22 —
(0-04-1-12)

Schutte ef af. (1979) 3164 469)  12/58 (20-69) 0-23 -
{0-08-0-67)

Tacusch et afl. (1979) 5156 (R-93) 7 (9-86) 090 R S
(0-27-2:96)

Doran ef al. {1980) 2/81 (2:47) 10/63 (15-87) 0-18 —_—
(0-05-0-57)

Teramo et al. (1980) 0/38 (0-00) /42 (0-00) 1-00
{1-00-1-00)

Gamsu et al. (1989) 131 (10:69) 20137 (1460 070 .
(0-34-1-49)

Collaborative Group (1981) 36/371 (9-70) 370372 (9-95) 097 ——
(0-60-1-58)

Morales et al. (1986) 7121 (5-79) 13/124 (10-48) 0-54 |
(0-22-1-33)

Papagecrgiou ef al. (1979) 171 (1-41) 5175 (6-67) 027 - .
(0-05-1-36)

Morrison ef af. (1978) 2667 (2:99) 759 (11-86) 026
(0-07-1-03)

Schmidt er al, (1984) 534 (14-71) 531 (16:13) 090 [ I
(0-24-3-42)

‘T'ypical odds ratio 059 —
(0-47-0-75)
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Table 6. Etfect of corticosteroids before preterm delivery on neurological abnormality at follow-up

Odds ratios and 95% CI

Numerical Graphical
Treated Control

Study n (%) n (%) 01 035 1 2

MacArthur er al. (1982) 12/139 (8-63) 157111 (13-51) 0-60 ——
(0-27-135)

Collaborative Group (1984) 97200 (4-50) 157206 (7-28) 0-61 _
{0-27-1-38)

Typical odds ratio 0-61 —
(0-34-1-08)

brancs in these 12 trials, suggests that the risk of
infection may be increased or may be decreased
by steroids in these circumstances, since, once
again, the confidence interval is wide (typical
odds ratio 1-26, 95% CI 0-66-2-40).

Secondary analysis on women with prelabour
rupture of the membranes

Separate data referring to women with pre-
labour rupture of the membranes are available
from seven trials (four from the main analysis
and the three others listed in Table 2). These
show that corticosteroid administration also
reduces the risk of respiratory distress syndrome
in these circumstances. The point estimate of a
45% reduction in the odds (typical odds ratio
0-55, 95% CI 0:40-0-75 Table 9) indicates an
effcet of similar magnitude to that obscrved
among infants of all corticosteroid-treated
mothers (Table 3).

The incidence of nconatal infection, albeit
available for only five of these trials, was not
statistically significantly higher in the cortico-
steroid-treated group than in the control group,
but the available data (typical odds ratio 1:-61,

95% CI 0-87-2-98) suggest that corticosteroid
administration is more likely to increase than to
decrease the occurrence of neonatal inlection

(Table 10).
Discussion

This overview of randomized trials of antenatal
corticosteroid administration (24 mg beta-
methasone, 24 mg dexamethasone, or 2 g hydro-
cortisone) has shown that corticosteroid
administration leads to statistically and clinically
significant reductions in neonatal morbidity and
mortality, and that these are very unlikely to be
outweighed by unwanted effects of these drugs
(Fig. 2). Overall, the reduction in the odds of
neonatal respiratory morbidity is of the order of
40-60%. Further, the beneficial effects of ante-
natal corticosteroids appcar to apply to babics
born at all gestational ages at which respiratory
distress syndrome may occur, and regardless of
whether or not there has been prelabour rupture
of the membranes. Although babies born >24h
and <7 days after beginning steroid adminis-
tration may well benefit most from prophylaxis,
the evidence suggests that babies born outside

Table 7. Effect of corticosteroids before preterm delivery on maternal infection

Odds rativs and 95% CI

Numerical Graphical
Treated Control

Study n (%) n (%) 0-1 05 12 10

Liggins & Howie (1972) 51108 (4:63) 6/91 (6-59) 0-69 [ S
(0-20-2:32)

Taeusch et al. (1979) 14/56 (25-00) &7 (11-27) 2-59 .
(1-03-6-51)

Gamsu ez al. {1989) 6/126 {4-76) 6/125 (4-80) 0-99 —_—
(0-31-3-16)

Collaborative Group (1981) 27/349 (7-74) 29/347 (8-36) 0-92 —_
(0-53-159)

Morales et af. (1986) 16/121 (13-22) 18/124 (14:52) 0-90 J— -
(0-44-1-85)

Papageorgiou ez al. (1979) 9/71 (12-68) 9775 (12-00} 1-06 [
(0-40-2-85)

Morrisan et al. (1978) 4467 (597 2/59 (3-39) 176 —
(0-34-9-03)

Schmidt et al. (1984} 13/32 (40-63) 9/26 (31-03) 1-51 —_—t
(0-53-4.25)

Typical odds ratio 1-11 __L_
{0-81-1-51}
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Table 8. Effcct of corticosteroids before preterm delivery on fetal or neonatal infection

Qdds ratios and 95% CI

Numerical Graphical
Treated Control

Study [l (%) n %) 001 01 05 12 10

Howie & Liggins (1977) 51532 (0-94) 6/538 112) 0-84 RS
{0-26-2-76)

Taeusch ez al. (1979) 756 (12-50) 4171 (5-63) 2-37 —t
(0-68-8-18)

Doran et al, (1980) 1781 (123) 3/63 (4-76) 027 —
(0-04-2-01)

Gamsu ef al. (1989) 4126 (3-17) 7125 (5-60) 0-56 b
(0-17-1-88)

Collaborative Group (1981) 41371 (1-08) 10/372 (2-69) 042 -}
(0-15-1:21)

Morales et al. (1986) 1121 909 11124 (8-87) 1-03 e
(0-43-2-46)

Papageorgiou et al. (1979) 4171 (5-03) 475 (5-33) 1-06 PR P—
(0-26-4-39)

Schmidt et al. {1984) 5/34 (14-71) 5731 (16-13) 0-9¢ ——
(0-24-3.42)

Typical vdds ratio 0-83 -
(0-54-1.26)

this optimum period can also benefit. There is no
evidence to support the view that the gender of
the baby modifies these effects. Indeed, we have
been unable to identify any subgroup of babics
at risk of respiratory morbidity for which there
are data to justify a conclusion that cortico-
steroids have no beneficial effects.

The clear-cut reduction in the risk of respir-
atory distress is, as far as we can judge from the
admittedly limited data available, accompanied
by reductions in periventricular haemorrhage
and necrotizing enterocolitis. All of this results
in a reduced early neonatal mortality rate, and
reductions in the duration, and thus the costs, of
hospital neonatal care.

The significant reduction in the duration of
neonatal hospitalization has obvious social and
cconomic implications. Avery (1984) has esti-
mated that appropriate usc of antcnatal cortico-
steroids could save 35 million dollars per year in

intensive care costs in the United States. Mor-
ales er al. (1986) reported an average saving of
$17 300 per woman treated.

A number of possible short-term and long-
term risks of antenatal corticosteroid adminis-
tration have been considered (Taeusch 1975).
The immunosuppressive cffects of cortico-
steroids could result in an increased susceptibil-
ity to fetal, neonatal or maternal infection, or to
a delay in its recognition. Over the 11 years fol-
lowing the introduction of corticosteroids for
fetul lung maturation in England and Wales,
there were two maternal deaths from septicae-
mia associated with their use (Department of
Health and Social Seccurity 1979, 1982, 1986,
1989). It is these two deaths that underlie the
opposition of some British obstetricians to the
use of corticosteroids for fetal lung maturation.

In the presence of intact membranes, there is
no clcar evidence of an increase in the risk of

‘Table 9. Effect of curticosteroids after prelabour rupture of the membranes on respiratory distress

Qdds ratios and 95% CI

Numerical Graphical
Treated Control

Study n (%) n (%) 01 05 12

Black et al. (1977) 3/25 12-00) 5126 (19-23) 0-59 -
(0-13-2:61)

Morales ef al. (1986) 30/121 (2479) 63124 (50-81) 033 L
(0-20-0-56)

Collaborative Group (1981) 15/153 (9-80) 174135 (12:59) 0-75 —
(0-36-1:57) B

Nelson et al. (1985) 10122 (45-45) 11422 {(50-00) 0-84 —
(0-26-270)

Schmidt er al. (1984) 724 (29-17) 6117 (35-29) 076 [
(0-20-2.84)

Garite et al. (1981) 14/80 (17-50) 17179 (21-52) 0-78 .

. (0-35-1.70)

lams er al. (1985) 10/38 (26-32) 12/35 (3429) 0-69 —t
(0-25-1-86)

Typical odds ratio 0-55 U
(0-40-0-75)
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Table 10. Effect of corticosteroids after prelabour rupture of the membranes on neonatal infection

0Odds ratios and 95% CI

Numerical Graphical
Treated Control
Study n (%) n (%) 0-1 0-5 12 1n 100
Morales ef al. (1986) 107121 (909 11124 (8:87) 103 N
(0-43- 2:46)
Nelson er al. {1985) 5/22 (22:73) 022 (0-00) 907 [ —
(1-44-57-16)
Schmidt ez ol. (1984) 4/24 (16-67) 3117 (17-65) 0.93 —_—
(0-18- 478)
Garite ef al. (1981) 4780 (5-00) 079 (0-00) 7:58 e
(L-05-54-87)
Tams et o). (1985) 4/38 (10-53) 335 {8:57) 125 _
(0-27- 5-88)
Typical odds ratio 161 J S
(0-87- 2:98)

maternal, fetal or nconatal infection. In the
presence of prolonged rupture of the mem-
branes, the absolute risk of fetal and neonatal
infection may be greater, but again, controlled
trials provide no strong cvidence that cortico-
steroids increase this risk. Follow-up data from
the Dutch trial (Smolders-de Haas er al. 1990)
suggest that there may be an increased occur-
rence of pharyngeal and ear infections in infancy
among infants in the corticosteroid group during
the first 2 years of life. Similar data from other
follow-up studies are needed to establish
whether or not this is a consistent finding.

Instances of pulmonary oecdema have been
reported in pregnant women receiving a combi-
nation of corticosteroids and tocolytic drugs
(Stubblefield & Kitzmiller 1980). Here again,
the trials provide little in the way of information
to assess the extent to which corticosteroids, per
se, may be responsible for this serious condition.
In the trial reported by Morales et al. (1986), pul-
monary ocdema occurred in two women among
44 women treated with magnesium sulphate and
corticosteroids. Pulmonary oedema was not
reported by the authors of the other randomized
trials, so the magnitude of this risk cannot be
estimated with any confidence from these data.

There is no evidence that antenatal cortico-
steroid administration increases the overall risk
of stillbirth. The higher risk of fetal death in
pregnancies complicated by hypertension noted
in one trial (Liggins & Howie 1972) may reflect
chance. Alternatively, it may reflect undue delay
in delivering women with severe proteinuric
hypertension, an explanation that is supported
by the fact that no such risk was recorded in the
other trials that included hypertensive women.
However, the possibility that corticosteroid
administration may have a specific adverse effect
on the evolution of pre-eclampsia cannot be
excluded using the available data.

It is important to recognize that neonatal res-
piratory distress syndrome is common in infants
of mothers with pre-eclampsia delivered pre-
term: for example, it aflected 36% of babies of
women with pregnancy-induced hypertension in
the placebo arm of the Collaborative Group trial
(Schneider et al. 1988). In the light of the avail-
able data, it would seem reasonable to use
corticosteroids to reduce this considerable neo-
natal morbidity, provided the commitment to
early delivery implied by corticosteroid treat-
ment is carried through. Those obstetricians
who remain uncertain that the demonstrable
advantages of this policy would be outweighed
by possible disadvantages in hypertensive
women, or in other circumstances, should col-
laborate in further randomized trials to provide
evidence on which to base their practice more
firmly.
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