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OBJECTIVE:

We tested the hypothesis that early postnatal dexamethasone (EPD)
increases the risk of focal small bowel perforation (FSBP) in extremely low
birth weight (ELBW) infants.

STUDY DESIGN:

The techniques of meta-analysis were applied to studies evaluating EPD,
which we identified through a systematic literature search. Studies were
included if they were randomized, placebo - controlled trials of EPD, enrolled
infants with birth weights <1000 g, and reported FSBP as an outcome
variable. The Breslow-Day test was used to assess for homogeneity and a
summary odds ratio was calculated using the Mantel - Haenszel exact
method.

RESULTS:

Four studies, with a pooled sample of 1383 infants, were included in the
primary analysis. The Breslow-Day test showed a p-value of 0.61,
indicating homogeneity among the studies. FSBP was significantly higher in
EPD treated infants [odds ratio 1.91, 95% confidence interval (CI) 1.21,
3.07; p=0.004].

CONCLUSION:
EPD increases the risk of FSBP in ELBW infants.
Journal of Perinatology 2001; 21:156—160.

INTRODUCTION

Focal small bowel perforation (FSBP) has recently been recognized
as a distinct disease entity in extremely low birth weight (ELBW)
infants. Though still uncommon, multiple case reports and case
studies published in the last decade suggest an increasing incidence
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in the postsurfactant era.'-” FSBP occurs independently of necrotizing
enterocolitis and shares pathologic and clinical findings with small
bowel perforations described in term infants.*—* Typically, FSBP
presents near the end of the first week of life in infants with birth
weights less than 1000 g, occurring as a solitary lesion in the ileum,
without surrounding inflammation or infection."* Without surgical
intervention, this disease results in peritonitis that can rapidly
progress to fulminate sepsis and death. Surgical specimens contain
segmental absences within the smooth muscle surrounding the site of
the lesion, suggesting a focus for structural weakness." However, the
etiologic risk factors and pathophysiologic mechanisms associated
with FSBP in ELBW infants remain poorly understood.

Postnatal dexamethasone administration to ELBW infants has
been implicated as a risk factor for FSBP.** Three studies have
demonstrated significant associations between early postnatal
dexamethasone (EPD) and FSBP." Two of these were prospective
trials evaluating chronic lung disease (CLD) as the primary
outcome and FSBP as a secondary outcome,>* and one was a
retrospective study focused on FSBP as the outcome of interest."
However, two additional large multicenter trials examining EPD for
the prevention of CLD failed to find a similar relationship.*** These
discrepant findings could be explained by insufficient sample sizes for
this uncommon outcome.

We conducted a systematic literature review to examine the
relationship between EPD in ELBW infants and the incidence of
FSBP. By combining samples of multiple trials, we hoped to increase
the statistical power needed to evaluate FSBP, resolve the current
discrepancy, and to estimate the overall risk of FSBP associated with
EPD in the ELBW infant. We applied the techniques of meta-analysis
to test our hypothesis that ELBW infants who receive EPD have an
increased risk for FSBP.

METHODS

Protocol

Prior to data collection, our hypothesis, search strategy, inclusion
criteria and analysis strategy were established in accordance with
published guidelines for performing a meta-analysis.”

Identification of Trials
We identified randomized, placebo-controlled trials of EPD in ELBW
infants through searches of Pub Med and Medline electronic data
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bases using the key word dexamethasone paired with randomized
trial, perforation, CLD, bronchopulmonary dysplasia, and low birth
weight. In addition, we reviewed abstract indexes from meeting
proceedings of the American Academy of Pediatrics and the Society
for Pediatric Research during 1997—2000 for the same key words.
Similarly, references from identified publications were also reviewed
by title. To encompass only the postsurfactant era, all English and
non-English publications since 1990 were searched. We accepted
studies that were randomized, placebo-controlled trials, administered
dexamethasone or placebo within the first 48 hours of life and
reported FSBP as an outcome. In addition, we limited our search to
studies that enrolled infants with birth weights <1000 g, or whose
study population satisfied the following equation: average birth
weight + (standard deviationx2) <1000 g (i.e., based on a
Gaussian distribution, >95% of the population with a birth weight
<1000 g). We contacted authors of unpublished trials, informed
them of our study, and clarified data discrepancies in one trial.

Data Extraction and Outcome Measures

A data sheet was designed for data collection. The following
variables were examined: the year of publication, the study
enrollment period, the cumulative 72-hour dose of dexametha-
sone and the total duration of therapy, the timing of initial
dexamethasone dose, the number of infants enrolled in the control
and EPD groups, the incidence of FSBP, and the incidence of
survival without CLD. We defined CLD as persistent oxygen
requirement at 36 weeks' gestational age. Data were extracted
independently by two reviewers and compared for agreement.
Inconsistencies were resolved with discussion or by contacting the
author of the publication in question.

Data and Statistical Methods

We applied chi-square and Fisher’s exact tests to determine p-values,
odds ratios and 95% confidence intervals (CIs) for FSBP and survival
without CLD for each trial. Homogeneity of odds ratios across the
studies was assessed using the Breslow - Day test with exact methods. A
summary odds ratio of the pooled samples was calculated using the
Mantel - Haenszel exact method, stratified by study, for the outcomes

of FSBP and survival without CLD. A p-value of <0.05 was
considered to indicate statistical significance.

Our primary analysis excluded studies that reported a zero
incidence of FSBP in both control and dexamethasone treated
infants, as their odds ratios could not be calculated and should not
contribute to the overall estimate of risk. However, to test the
assumption that excluding these study cohorts would not affect our
estimate of risk, we repeated the test for homogeneity and summary
odds ratio using all studies and substituting 0.5 for the cells with zero
incidence.

To assess the quantitative significance of the observed effect size, a
number needed to produce one excess effect, NNE, was calculated.
This was obtained by taking the reciprocal of the difference in event
rates for dexamethasone and control groups, as estimated by a
weighted average of such differences for the respective studies.”

SAS (SAS Institute, Cary NC) and StatXact4 (CYTEL Software
Corporation, Cambridge MA) statistical software were used for
analyses.

RESULTS

We identified six studies that satisfied our inclusion criteria (Table
1). All were randomized controlled trials evaluating EPD in ELBW
infants for the prevention of CLD. Each trial initiated enrollment in
1992 or later. Only one trial, Sinkin et al.,* included infants based on
gestational age criteria, but met our mean birth weight criteria. The
trials by Rastogi et al.» and Shinwell et al* included infants up to
1500 and 2000 g, respectively, but reported on subgroups of infants
<1000 g. Dexamethasone was given within 24 hours from birth in
five of the six trials, with the duration of study therapy ranging from
1 to 12 days. The timing of FSBP was available only from the study
by Garland et al.> Our review of reported practice parameters and
trial guidelines in each study revealed similar enrollment and
exclusion characteristics across the six studies.

The outcome summaries for each of the four trials used for our
primary analysis are included in Table 2. Two studies, Rastogi et al.”
and Shinwell et al. reported a zero incidence of FSBP in both
control and treatment groups and were not included in the primary

Table 1 Search Results for Randomized Placebo-Controlled Trials Investigating EPD in ELBW Infants

Trial (publication date) N

Enrollment birth weight range (g)

Duration of
dexamethasone

Cumulative 72-hr
dexamethasone dose

Timing of initial
dexamethasone dose

(mg/kg) (hours of age) therapy (d)
Shinwell et al. (1995)* 108 500—1000 1.5 <24
Rastogi et al. (1996)* 24 700—-999 15 <24 12
Garland et al. (1999)" 241 500—1500 (835+19/825+19)* 135 or 1.175T 24—48 3
Stark et al. (2000)" 220 501—1000 0.45 <24 10
Sinkin et al. (2000)* 384 <30 weeks' gestation, (890+19/864+17)* 1.0 <24 1
Soll (2000)" 542 501—1000 15 <24 12

*Mean birth weight and standard deviation given for dexamethasone and control groups.

TDosage was reduced at 25% enrollment after a safety review committee determined the incidence of FSBP was unacceptably high.
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Table 2 EPD and the Risk of FSBP and Survival Without CLD

Trial NEPD N control  FSBP EPD  FSBP control 0dds ratio Survival, no CLD  Survival, no CLD 0dds ratio
(%) (%) (95% CI) EPD (%) control (%) (95% CI)
Garland et al.” 118 123 12 (10) 7 (6)* 1.86 (0.64, 5.78) 83 (70) 71 (58) 1.74 (0.98, 3.07) T
Stark et al. 111 109 14 (13) 4 (4) 379 (1.13, 16.26) 41 (37) 34 (31) 1.29 (0.71, 2.35)
Sinkin et al.'® 189 195 3(2) 2 (1) 1.56 (0.18, 18.81) 111 (59) 115 (59) 0.99 (0.65, 1.52)
Soll's 271 267 31 (1) 20 (7) 160 (0.85, 3.04) 137 (50)% 124 (47)% 116 (0.82, 1.65)
Total 689 694 60 (9) 33 (5) 191 (1.21, 3.07) 372 (54) 344 (50) 1.21 (097, 1.50)

*One patient with jejunal atresia was excluded from the FSBP analysis.
TReported relative risk 1.3 (95% CI 1.03, 1.70).

iNumber used for treated = 272.

§Number used for controls = 266.

analysis. Only the trial by Garland et al.” reported an association with
EPD and survival without CLD (relative risk 1.3, 95% CI 1.03, 1.70;
p=0.03). The trial by Stark et al.* demonstrated an increased risk of
FSBP with EPD (odds ratio 3.79, 95% CI 1.13, 16.26; p=0.03).
Similarly, Garland et al.” reported a significant association between
EPD and FSBP, but only for perforations occurring in the first week of
life (p=0.009).

The Breslow-Day test for homogeneity resulted in a p-value of
0.61, indicating that the individual odds ratios were not significantly
different and therefore, the four trials were homogenous and
combinable. Using this pooled sample of 1383 infants, EPD
administration was significantly associated with FSBP (odds ratio
1.91, 95% CI 1.21, 3.07; p=0.004) . The calculated NNE was 51,
indicating one additional FSBP for every 51 ELBW infants treated
with EPD.

To determine if the inclusion of the Rastogi et al.* and Shinwell
et al.* trials might alter our findings, we repeated the analysis using
all six studies. This yielded a pooled sample of 1518 infants and
resulted in findings similar to the initial analysis (odds ratio 1.86,
95% CI 1.19, 2.88; p=0.004) .

A comparison between the risk of FSBP and survival without
CLD was performed using the pooled sample of 1383 infants from
our primary analysis. Addressing the outcome of survival without
CLD, the Breslow-Day test for homogeneity showed a p-value of
0.42, indicating homogeneity across the four studies. From the
pooled sample, a significant association between EPD and survival
without CLD was not found (odds ratio 1.21, 95% CI 0.97,1.50;
£=009).

DISCUSSION

Individual trials of EPD have reported conflicting findings regarding
the association between EPD and FSBP. Our analysis, using a pooled
sample derived from these randomized controlled trials, estimates a
nearly two fold increase in the risk of FSBP in ELBW infants who
receive EPD. In contrast, we did not demonstrate an association
between EPD and the prevention of CLD. These findings suggest that
the risk of FSBP outweighs the benefit of CLD attenuation in ELBW
infants.
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Our systematic review of the literature identified only six studies
for inclusion in our analysis. However, all were rigorous randomized
controlled trials designed to measure the effect of EPD on the same
primary outcome, CLD. By limiting our search to 1990 or later, we
strengthened similarity among practice and diagnostic parameters.
These attributes and the statistical homogeneity among the studies
support combining them for our analysis.

Our search strategy minimized the potential for publication bias.
In addition to studies published in peer-reviewed journals, we
abstracted data from a paper in submission ** and an abstract from a
large neonatal network." Also, as most of the trials failed to find an
association between EPD and their primary outcome of interest
(CLD), it is unlikely that we overlooked negative outcome data.
However, we did exclude studies based on their failure to meet our
birth weight criteria. Although these studies included infants <1000
g, we could not abstract outcome data from this subgroup, and
consequently excluded the contribution of their data. In addition, the
relatively large sample sizes of the individual trials included in our
analysis lessen the impact of publication bias.

Methodological differences existed among the included trials and
present limitations. First, two studies, Garland et al.> and Soll,”
allowed cross-over patients from untreated to treated status. In the
Garland et al study, six of seven infants with FSBP in the control
group received rescue dexamethasone therapy before perforation. The
Soll study did not provide further information regarding cross- over
cases. While differences in the use of intention-to-treat analysis
decrease the homogeneity among the studies, the overall result is to
blunt our observed effect of EPD on FSBP.

In addition, for the included trials, the initial dose of
dexamethasone ranged from 0.15* to 0.8 mg/kg per day.” A
dose-effect of EPD on FSBP is supported by the Garland et al.
trial,» in which a decrease in the incidence of FSBP was observed
after lowering the dexamethasone dose in response to an
unacceptably high incidence of FSBP in the first 25% of patients
enrolled. However, the trial by Stark et al.* used the smallest
dexamethasone dose among the studies, but still demonstrated a
significant association with FSBP. In addition, our test of
homogeneity suggests that a dose-effect did not alter our observed
estimate of effect.
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Similarly, variation in the duration of dexamethasone therapy
existed among the included trials. Sinkin et al. * suggests that their
low incidence of FSBP in treated infants, 2% vs. 10% to 13% for the
other trials, might reflect their shorter duration of EPD therapy, 1 day
vs. 3 to 12 days. However, their incidence of FSBP was also low in the
control group relative to the other trials, 1% vs. 4% to 7%. This
suggests a difference in a population or practice characteristic among
the infants in the Sinkin et al trial or could reflect reporting
differences.

An association between EPD and FSBP could also be affected by
the timing of FSBP diagnosis. For example, the trial by Garland et
al.» found an increase in the risk of FSBP associated with EPD
only for FSBPs occurring in the first week of life. Information
regarding the timing of FSBP was unavailable for the remaining
studies. It is possible that late occurring perforations, not causally
related to EPD, were included, inflating the observed estimate of
effect.

Biases inherent in the reporting of FSBP limited our analysis.
Studies were most commonly excluded from our analysis for failure
to report FSBP as an outcome. Likewise, diagnostic criteria for FSBP
were lacking for most studies. All studies that reported FSBP also
reported an incidence of necrotizing enterocolitis. The studies by
Garland et al.* and Soll” offered a definition of FSBP, using
radiographic criterion, and the Stark et al.** study clarified the
absence of necrotizing enterocolitis with spontaneous perforation.
Due to similarities in their clinical presentation, underreporting of
FSBP and overreporting of necrotizing enterocolitis may occur.”
Although this could result in an underestimation of the incidence of
FSBP, this misclassification should affect both treatment and control
groups equally, but might blunt the observed magnitude of the effect
of EPD.

The etiology of FSBP remains poorly defined and multiple risk
factors may play a role. Both human and animal studies have
demonstrated an effect of dexamethasone on ileal development.'*
Dexamethasone increases mucosal maturation, but disrupts growth
of the surrounding smooth muscle, potentiating structural weakness
in the bowel wall."» The dilatory stresses associated with rapid
growth and secretory function of the distal small intestine may also
increase susceptibility to ileal perforation in the ELBW infant.
Likewise, other processes or medications that affect ileal development
could also increase the risk for FSBP. Specifically, indomethacin has
been associated with intestinal perforation in animal studies,* and
has been identified as a confounder of the observed effect of EPD in
human trials. Information regarding the use of indomethacin, as
well as antenatal steroids, was not available for all of the trials
included in our analysis. However, the use of indomethacin for
prophylaxis of intracranial hemorrhage, and antenatal steroids for
the prevention of respiratory distress syndrome were accepted practices
during each of the study periods, and therefore, they represent
potential confounders.

To express the magnitude of the difference in risk of FSBP among
treated and control groups, we calculated an NNE of 51. This
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estimate of the number needed to treat to incur one additional effect
is based, in part, on the variance in each individual trial. As a result,
the study by Sinkin et al.,' which demonstrated the smallest variance
in effect, had a greater influence and resulted in an increase in
magnitude of the NNE. Excluding the Sinkin study, results in an NNE
of 19. The overall low incidence of FSBP in the Sinkin et al. ** study
has not been explained, and the true NNE for EPD and FSBP may be
much smaller than 51.

Dexamethasone has been widely used for the treatment of CLD in
preterm infants and its early use for the prevention of CLD has been
tested in multiple trials. The efficacy of EPD in preventing CLD is
controversial, and although our study was not aimed at exploring
this issue, we failed to find an association in the ELBW population.
Recent literature suggests a number of adverse effects with the use of
dexamethasone in preterm infants, including abnormal growth and
neurodevelopmental outcome.®* OQur analysis supports an associa-
tion between EPD and another adverse outcome, FSBP. Consequently,
we support the discontinuation of EPD as a prophylactic therapy in
ELBW infants, and suggest alternative therapies, such as the use of
hydrocortisone, be further explored.
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