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Abstract

Background—Spontaneous intestinal perforation (SIP) is associated with the use of postnatal
glucocorticoids and indometacin in extremely low birth weight (ELBW) infants. We
hypothesized: 1) an association of SIP with the use of antenatal steroids (ANS) and indometacin
either as prophylaxis for IVH (P Indo) or for treatment of PDA (Indo/PDA) and 2) an increased
risk of death or abnormal neurodevelopmental outcomes in infants with SIP at 18-22 months
corrected age.

Design/Methods—We retrospectively identified ELBW infants with SIP in the Neonatal
Research Network’s generic database. Unadjusted analysis identified the differences in maternal,
neonatal and clinical variables between infants with and without SIP. Logistic regression analysis
identified the adjusted odds ratio for SIP with reference to ANS, P Indo and Indo/PDA.
Neurodevelopmental outcomes were assessed among survivors at 18 to 22 months corrected age.
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Results—Indo/PDA was associated with an increased risk of SIP (adjusted OR 1.61; 95% CI
1.25,2.08), while P Indo and ANS were not. SIP was independently associated with an increased
risk of death or NDI (adjusted OR-1.85; 95% CI 1.32,2.60) and NDI among survivors (adjusted
OR-1.75, 95% CI 1.20,2.55).

Conclusion—Indometacin used for IVH prophylaxis and ANS were not associated with the
occurrence of SIP in ELBW infants. Indometacin used for treatment of symptomatic PDA was
however associated with an increased risk of SIP. ELBW infants with SIP have an increased risk
of poor neurodevelopmental outcomes.
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INTRODUCTION

METHODS

Spontaneous intestinal perforation (SIP) is a serious morbidity affecting ELBW infants, with
an incidence ranging from 3-8 % (Z, 2). It has been recognized as an entity distinct from
necrotizing enterocolitis (NEC) (3-5) and has been proposed to occur in infants of lower
birth weight and at an earlier postnatal age (Z, 6). Although its pathogensis is unclear,
several risk factors are associated with this complication. Very low birth weight infants born
to mothers who received indometacin tocolysis have a higher incidence of SIP (7). A
Neonatal Research Network trial of early postnatal steroid usage for the prevention of
bronchopulmonary dysplasia was halted because of an increase in SIP in the steroid treated
arm (8). A combination of postnatal indometacin treatment and early postnatal steroids has
been proposed to be associated with an increased risk of SIP in ELBW infants (9). ANS, on
the other hand have not been shown to be associated with an increased risk (Z0). The
association between postnatal indometacin therapy and SIP, however, remains unclear.
Although there have been isolated reports of SIP with indometacin therapy(21), a large
randomized controlled trial of early indometacin use for prophylaxis of intracranial
hemorrhage did not demonstrate this effect (1.2).

SIP adds a substantial burden to the morbidities of ELBW infants. Mortality and in-hospital
morbidities of infants with SIP, while better than infants with surgical NEC (13), have been
proposed to be worse than for infants without intestinal perforation (2). Outcomes of ELBW
infants with SIP at 18-22 months corrected age and the effect of SIP on neurodevelopmental
outcome, however, remain largely unknown.

The objectives of this study are twofold: 1) To assess the association of indometacin
(prophylactic or treatment) and ANS exposure with the development of SIP in ELBW
infants and 2) To assess the neurodevelopmental outcome of infants with SIP at 18-22
months corrected age.

This is a retrospective cohort study of ELBW infants (birth weight between 401 g and 1000
g) admitted to one of 19 Neonatal Intensive Care Units in the Eunice Kennedy Shriver
National Institute of Child Health and Human Development Neonatal Research Network
(NRN) during calendar years 1998-2005. Infants who died at less than 12 hours of age were
excluded.

Infants were categorized into two groups: infants with and without SIP. SIP was defined as
occurrence of intestinal perforation during the first 14 days of life without evidence of NEC.
Infants with intestinal perforation occurring after the first 14 days of life, who were recorded
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as having SIP were excluded a priori, because these events may have been a complication of
NEC that was not diagnosed. Infants with SIP were compared with those without SIP with
respect to the use of prophylactic indometacin (P Indo-indometacin usage within the first 24
hours of life), indometacin for medical treatment of patent ductus arteriosus (Indo/PDA-
indometacin usage after 24 hours of life with a concurrent diagnosis of PDA) or ANS
exposure (one or more dose) using the chi-square test. Data on antenatal exposure to
indometacin were not available.

Adjusted odds ratios were calculated using logistic regression analysis to evaluate the
independent association of these therapeutic exposures and the occurrence of SIP,
controlling for factors selected from unadjusted analysis. The factors included in the logistic
regression were those that differed significantly between the groups based on unadjusted
analysis and those that were thought to be involved in the causal pathway of SIP. Antenatal
antibiotics were used as a surrogate for maternal chorioamnionitis, as data on
chorioamnionitis were not available.

Prospectively collected data in the NRN generic database (GDB) included maternal and
neonatal information, treatment and clinical outcomes. Trained research coordinators
obtained the data based on the definitions listed in the Manual of Operations. All centers
participating in the Neonatal Research Network received local IRB approval for data
collection.

At 18-22 months corrected age, the survivors were seen in each center’s follow up clinic.
Evaluation on follow up visit consisted of the following: neurologic evaluation by a
developmental pediatrician and hearing, vision and developmental testing by a certified
examiner. The neurological examination was based on the Amiel-Tison assessment,
including an evaluation of tone, strength, reflexes, angles and posture. Cerebral palsy was
defined as a non-progressive CNS disorder with abnormal muscle tone in at least one
extremity and abnormal control of movement and posture. Hearing and visual status was
obtained by parental history, deafness was confirmed by audiologic testing and a standard
vision assessment was completed. Deafness was defined as hearing loss needing bilateral
amplification. Blindness was defined as bilateral corrected vision of less than 20/200. The
Bayley Scales of Infant Development-Il [BSID-11] was administered and a Mental
Developmental Index (MDI) and Psychomotor Developmental Index (PDI) were derived. A
score < 70 indicated significant delay. Children who could not be assessed due to severe
developmental delay were assigned MDI and PDI scores of 49.

Neurodevelopmental impairment (NDI) was defined as the presence of one or more of the
following: cerebral palsy, bilateral blindness, bilateral deafness, Bayley MDI or Bayley PDI
less than 70. Death occurring after 12 hours of age and before 18-22 months follow-up was
included in our composite primary outcome measure of death or NDI.

The primary outcome of death or NDI at 18-22 months corrected age was compared among
infants with SIP and those without SIP. Secondary outcome included NDI among survivors.
Adjusted odds ratios were calculated to evaluate the independent association of the
occurrence of SIP with death and adverse neurodevelopmental outcome at 18-22 months of
corrected age. In addition to SIP, the variables included in the regression analyses for NDI/
death and NDI were those that have previously been shown to affect neurodevelopmental
outcomes(Z4), including male gender, birth weight, gestation, antenatal antibiotics, maternal
hypertension, inborn status, APGAR score less than 3 at 5 minutes, severe IVH, surgery for
PDA and center.
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A total of 11,960 ELBW infants were admitted to the NICHD NRN neonatal units during
the years 1998 to 2005 and survived beyond 12 hours of age. For evaluation of association
between SIP and use of various perinatal interventions, the study subjects consisted of 280
infants with SIP and 11,680 without SIP. 3,066 of the11,960 infants died either before or
after discharge. Of the remaining 8,894 infants, 9 were ineligible for follow-up and 7,579 of
the remaining 8,885 (85%) were seen in the follow-up clinics.

The maternal demographic and clinical characteristics studied were similar between infants
with and without SIP, with the exception of the incidence of maternal hypertension and
diabetes and the likelihood of having received antenatal antibiotics among their mothers
(Table 1). Clinical characteristics of infants in the two groups were significantly different
(Table 2). On unadjusted analysis, ANS were associated with a lower incidence of SIP,
whereas both P indo and Indo/PDA were associated with a higher incidence of SIP (Table
3). Logistic regression analysis showed a higher risk of SIP with indo/PDA (adjusted OR
-1.61; 95% CI 1.25,2.08). ANS (adjusted OR 0.92; 95% CI 0.69,1.20) and P indo (adjusted
OR 1.21; 95% CI 0.88,1.66) were not associated with an increased risk of SIP (Figure 1).

The incidence of death or NDI at 18-22 months corrected age was higher in infants with SIP
as compared to infants without SIP (Table 4). Similarly, the incidence of NDI and its
components was higher among survivors with SIP. On logistic regression analysis, SIP was
associated with an increased risk of death or NDI (adjusted OR -2.06; 95% CI 1.40,3.02)
(Figure 2) and NDI among survivors (adjusted OR —2.06; 95% CI 1.39,3.06-figure not
shown).

DISCUSSION

We examined the association of SIP with indometacin administered for two clinical
indications: for IVH prophylaxis, administered within first 24 hours of birth and for PDA
treatment. We showed that indometacin administered for PDA treatment was associated
with an increased risk of SIP. A similar association has been reported previously (11, 15).
Our results are in agreement with those studies. Administration of indometacin for IVH
prophylaxis however, was not associated with increased SIP risk. The reason for this
difference based on timing of indometacin administration is not clear. However, one can
speculate that the potential increased risk of early indometacin usage may be blunted by the
potential beneficial effect of ANS administration. On the other hand, administration of
indometacin in the presence of a hemodynamically significant PDA may worsen the already
compromised intestinal blood flow. Our findings regarding P indo and SIP however need to
be interpreted with caution, since we found an association on univariate analysis but it was
not borne out on logistic regression.

Attridge et al showed an independent association of early indometacin usage (within 3 days
of birth) with SIP using a large national dataset (Z6). They did not differentiate between
prophylactic indometacin usage and its therapeutic use for PDA closure. However, they
reported an association of SIP with PDA and with usage of vasoactive agents during the first
few days of life. This lends further support to the possibility of intestinal hypo-perfusion
from a combination of different factors, including symptomatic PDA with left to right shunt
and the use of indometacin for its closure. In addition, the dose of indometacin used for
Indo/PDA is generally higher than the dose for P Indo (0.2 or 0.3 mg/kg/dose vs. 0.1 mg/kg/
dose respectively) and may contribute to this observed difference. However, this association
of dose and risk of intestinal perforation remains unclear (Z7). Sharma et al (18) evaluated
infants who had been exposed to indometacin with respect to SIP and NEC. They showed an
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increased risk of SIP with indometacin exposure at less than 12 hours of age and a decreased
risk of NEC with later use of indometacin for PDA treatment. Their analysis was dissimilar
to ours, as we evaluated infants with and without SIP with respect to indometacin exposure
instead of evaluating all infants with indometacin exposure with respect to these outcomes.

Previous studies have reported an association of ANS administration and an increased risk
of NEC (19). Systematic review of previous studies has however found a decreased risk of
NEC with ANS (20). Others have failed to demonstrate a harmful association between ANS
and SIP (10). In fact, one report suggested that ANS administration may be protective for
SIP (21). We also evaluated the possible association of ANS administration with SIP and
found that administration of ANS had a protective effect against SIP on unadjusted analysis
but not after controlling for other factors on logistic regression analysis.

Since SIP is a localized disease, it is often assumed that SIP is less likely to be associated
with a systemic inflammatory reaction than NEC, and hence less likely to result in adverse
outcomes. Adesanya et al evaluated one year follow up data on VLBW infants with
intestinal perforation and showed that VLBW infants with NEC had worse
neurodevelopmental outcomes at 1 year as compared to infants with SIP (22). Blakely et al
(Z3) evaluated the 18-22 months outcomes of ELBW infants undergoing laparotomy or
peritoneal drainage for intestinal perforation secondary to SIP or NEC. They showed a poor
prognosis in both subgroups. The primary focus of their study however was to compare
outcomes of infants undergoing laparotomy versus peritoneal drainage, rather than outcomes
of infants with SIP or NEC. There have been no reports of large studies evaluating follow-
up outcomes of ELBW infants with SIP.

We found that SIP was independently associated with an increased risk of death or NDI at
18-22 month corrected age in ELBW infants. The risk of NDI and its components was also
similarly higher among survivors in the SIP group.

Our study has several limitations. Since the diagnosis of SIP was based on clinical grounds,
it is possible that some of these infants may have had intestinal perforation resulting from
NEC. The timing of intestinal perforation, however, makes it less likely that this was the
case. We only included infants with a diagnosis of intestinal perforation within the first 14
days of life in the SIP group, possibly excluding some ELBW infants who developed
isolated intestinal perforation after the first 14 days of life. Unless all infants with SIP
undergo laparotomy, the diagnosis of SIP cannot be confirmed and there is a possibility of
misclassification of the primary disease process. We presumed all indometacin usage in the
first 24 hours of life to be for prophylactic use. It is possible though unlikely that
indometacin was given for PDA closure in the first 24 hours. The association of SIP with
indometacin used for PDA treatment may have been secondary to the interaction of
indometacin with other factors such as systemic hypotension at the time of indometacin
administration. We, however, did not have data on hypotension or the use of vasopressors at
the time of indometacin administration.

Previous studies have shown an association of neonatal cortisol levels with outcome in
ELBW infants (23). We, however, did not have data on the timing of administration of ANS
or neonatal cortisol levels available in this database. Infants with SIP had a higher rate of
postnatal steroid use. However, the mean age at the time of receiving the first dose of
steroids was substantially higher than the age at which SIP is most likely to occur (Table 2).
Only a small percentage of infants (8.9% in the SIP group and 6.9% in the no SIP group)
received the first dose of postnatal steroids during the first 14 days of life. We did not have
data on the type of postnatal steroid used, i.e. dexamethasone or hydrocortisone. These
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limitations in the database do not allow us to explore the association of combined exposure
to indometacin and postnatal steroids with SIP that has been reported by others (9, 24).

There were significant differences in the clinical characteristics of infants in the two groups,
which raises the possibility that the differences in death or NDI may simply be a reflection
of increased illness severity. This increased risk, however, persisted after logistic regression
analysis controlling for these characteristics, thus making that unlikely to be the case.

Our overall follow up rate was 85% of eligible infants. The follow-up rates were similar in
the group of infants with and without SIP. Although the infants seen in follow-up were
similar to ones who were lost to follow-up, there were minor differences in some of the
clinical characteristics (higher rate of inborn status and surgery for PDA among those lost to
follow-up). It is possible but unlikely that these differences influenced our results.

Despite these limitations, this study adds valuable information to the literature by utilizing a
large dataset of ELBW infants to show that indometacin used for PDA treatment is
associated with an increased risk of SIP, where as prophylactic indometacin and ANS are
not associated with SIP. We also show that SIP is independently associated with an
increased risk of adverse neurodevelopmental outcomes at 18-22 months corrected age in
ELBW infants.
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Figure 1.

Logistic regression analysis: Adjusted odds ratio for SIP versus no SIP Early onset sepsis
(p<0.05), postnatal steroids (p<0.05) and center were also included in the logistic regression
model.
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Figure 2.

Logistic regression analysis: Adjusted odds ratio for NDI/death Postnatal steroids (p< 0.05),
NEC (p< 0.05) and center were also included in the logistic regression model.
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Table 1

Maternal demographic and clinical characteristics

Variable SIP n= 280 No SIP n= 11,680
Number (%) Number (%)
Maternal age* 26.3+6.4 26.9+6.7
Race
White 112 (40.0) 4461/11661 (38.3)
Black 119 (42.5) 4874/11661 (41.8)
Hispanic 36 (12.9) 1895/11661 (16.2)
Asian 5(1.8) 276/11661 (2.4)
Other 8(2.9) 155/11661 (1.3)
Marital status
Married 138 (49.3) 5370/11667 (46.0)
Single 139 (49.6) 6203/11667 (53.2)
Unknown 3(L1) 95/11667 (0.8)
At least one prenatal visit 263/279 (94.3) | 10926/11672 (93.6)
Hypertension 42 (15.0) 3045 (26.1) 7
Diabetes (insulin dependent) | 10 (3.6) 396/11676 (3.4)
Antibiotics 211 (75.4) 7637 (65.4) f
*mean +SD
fp value < 0.05
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Infant demographic and clinical variables

Table 2

Variable SIP n= 280 No SIP n= 11,680
Number (%) | Number (%)

Male gender 176 (62.9) 5750 (49.2)7

Birth weight (g) * 7104+138.3 | 7631 +14717

Gestational Age (weeks) ™ 248+£15 259+217

Inborn 206 (73.6) 10387 (88.9)7

1 min APGAR <3 136 (48.6) 4539 (38.9)7

5min APGAR <3 44 (15.7) 1129 (9.67)"

Respiratory support - 279 (99.6) 10778/11678 (92.3) t

Duration of respiratory support (days) * 39.6+310 23.9+26.07

Surgery for PDA 69/280 (24.6) | 1476/11679 (12.6)"

Postnatal steroids 87/280 (31) 2776/11656 (23.8) "

Age at first postnatal steroids (days) * 3262284 285+212

Parenteral alimentation 280/280 (100) | 11187/11678 (95.8)7

Duration of parenteral alimentation (days) ¥ 481+£3355 20.6+22.977

Age at initiation of enteral feeds (days) * 147£151 74+687

Severe IVH (grade 3 or 4) 95/277 (34.3) | 1942111233 (17.3)

*
Mean £ SD

Aok

Respiratory support defined as infant being on conventional or high frequency ventilation

fp value < 0.05
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Table 3

Association between SIP and treatment (unadjusted analysis)

Treatment SIP n=280 No SIP 11680 | p value
Number (%) | Number (%)

ANS > 1 dose ¥ | 125(44.6) 6376 (54.6) 0.0010

P Indo ™™ 133 (47.5) 4239 (36.3) 0.0001

Indo/PDA X | 137 (48.9) 4205(36.0) | <0001

*
ANS = 1 dose- Antenatal steroids at least one dose

Hk
P Indo- Prophylactic indometacin (administered within the first 24 hours of life)

*ok

*
Indo/PDA- Indometacin for PDA (administered after 24 hours of life)
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Table 4

Comparison of neurodevelopmental impairment and its components in infants with and without SIP
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Variable SIP No SIP p value
Number (%) Number (%)

NDI/Death 198/249 (79.5) | 5568/9987 (55.8) | <.0001

NDI among 86/137 (62.8) 2614/7033 (37.2) | <.0001

survivors

MDI<70 721134 (53.7) 2177/6953 (31.3) | <.0001

PDI<70 65/133 (48.9) 1476/6892 (21.4) | <.0001

Cerebral Palsy | 24/140 (17.1) 486/7418 (6.6) <.0001

Blind* 5/140 (3.6) 59/7419 (0.8) <.01

Deaf ** 8/140 (5.7) 131/7385 (1.8) <.01

Data presented for infants with information as n/N (%)

*
Bilateral corrected vision of less than 20/200

*ok

Bilateral hearing loss needing amplification
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