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Abstract: Objective: Spontaneous intestinal perforations (SIP) in extremely low birth weight infants are distinctly differ-
ent from necrotizing enterocolitis. The etiology of SIP is not well understood. Our objective was to identify perinatal
therapeutic interventions that may increase the risk of spontaneous intestinal perforations.

Methods: Medical records of extremely low birth weight infants (BW<1000g) admitted to a neonatal intensive care unit
during 42-month period were studied. Infants with radiologic or histologic diagnosis of necrotizing enterocolitis were ex-
cluded. Information collected included maternal and infant demographics, perinatal risk factors, clinical findings and in-
terventions, and exposure to medications before and after delivery. Chi square and paired t-tests were used to compare SIP
patients to those with no perforation (NP). Mean values are given with standard error of the mean.

Results: There were 13 SIP and 165 NP. There were more male infants (84.6% vs 49.1%, p<0.025) and more out born in-
fants (61.5% vs 39.9%, p<0.05) in the SIP group. The use of maternal tertbutaline was higher in the SIP group (30.8% vs
9.1%, p<0.015). Early treatment with indomethacin (0-3days) was significantly higher in the SIP group (69.2% vs 27.9%,
p=0.002). Hypotension requiring dopamine was significantly higher in the SIP group (69.2% vs 34.6%, p=0.017). Com-
bined exposure to antenatal steroids and postnatal indomethacin was significantly higher in the SIP group (69.2% vs
36.4%, p=0.019), as was the combined early treatment with hydrocortisone and indomethacin (7.7% vs 0.6%, p=0.02).

Conclusions: Early use of indomethacin, and co-exposure to antenatal or postnatal steroids is related to development of
spontaneous intestinal perforation in extremely low birth weight infants. Prenatal exposure to maternal terbutaline and

postnatal use of dopamine for hypotension increases the risk for SIP in these infants.
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INTRODUCTION

Spontaneous intestinal perforation (SIP) is now recog-
nized as a distinct condition that differs clinically and his-
tologically from necrotizing enterocolitis (NEC) [1-6]. Its
incidence is up to 7% in the ELBW infant population who
are at highest risk [4, 5]. The perforation typically occurs
suddenly on the anti-mesenteric surface of the distal ileum
[7], usually without a defined prodrome during the first two
weeks of life.

The exact etiology of SIP remains unclear since it may
represent the final common pathway of a group of heteroge-
neous conditions leading to perforation. Deficiency of en-
teric musculature was first suggested in 1930 [8]. Other con-
ditions which lead to local ischemia have since been sug-
gested and include birth asphyxia (secondary to diving re-
flex), umbilical catheter placement, maternal drug abuse, and
twin-twin transfusion [5]. More recently, pharmacological
agents have been linked to SIP, including indomethacin by
itself or in combination with exogenous glucocorticoids as
suggested by two randomized controlled trials of postnatal
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glucocorticoids in preterm infants [9, 10]. A recent multi
center retrospective study [3] concurred with these findings.
However, other studies including Trial of Indomethacin Pro-
phylaxis in Preterms did not find an association between
indomethacin administration and SIP [11].

Recently, it has been suggested that a patent ductus arte-
riosus (PDA) itself may be associated with SIP [3, 12]. Non-
steroidal anti inflammatory drugs, like indomethacin, admin-
istered to the mother have also been associated with SIP
[13]. While the combined effect of exposure to antenatal
steroids (AS) and postnatal indomethacin has been suggested
to increase the risk for SIP, studies have remained inconclu-
sive [14].

We report a single institution experience with SIP and
perinatal risk factors associated with its occurrence.

METHODS

A retrospective chart review was performed of all ELBW
infants (BW<1000 grams) admitted to the neonatal intensive
care unit at the University of California, Irvine Children’s
Hospital during a 42-month interval from January 1, 2002
through June 30, 2005. Approval was obtained from Univer-
sity of California Irvine institutional review board (2005-
4440). SIP was diagnosed if the infant had never been fed or
received only trophic feeds, had sudden onset of pnuemop-
eritoneum or a radiographic gasless abdomen, abdominal
distention and/or bluish discoloration, and did not exhibit
any radiographic evidence of NEC such as pnuematosis in-
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testinalis or portal venous air. Infants with a diagnosis of
NEC were excluded. Infants with a perforation secondary to
other etiologies such as intestinal atresia or a distal obstruc-
tion were also excluded. Infants with a diagnosis of SIP were
compared to infants with no perforation (NP).

Demographic, clinical and therapeutic data were col-
lected. These included maternal complications during gesta-
tion (polyhydramnios, oligohydramnios, preeclampsia, dia-
betes, premature rupture of membranes, choreoamnionitis
and maternal substance abuse), maternal medications (ante-
natal steroids, magnesium, terbutaline, indomethacin, antibi-
otics), postnatal condition (gestational age, birth weight,
APGAR scores, need for intubation and resuscitation at
birth, umbilical artery and/or vein catheterization) and medi-
cations received in first two weeks of life (controls) and/or
two weeks prior to SIP. Clinical diagnosis, type and duration
of ventilation and history of feeding/feeding intolerance
were also recorded.

Statistical comparisons performed were chi square and
unpaired t-tests using SPSS version 14, Chicago, Illinois.
Statistical significance was set at p< 0.05. Data are expressed
as mean =+ standard error of the mean.

RESULTS

A total of 204 ELBW infants were identified during the
42-month period. Of these, 26 were determined to have NEC
by radiographic or histologic examination and were ex-
cluded. Of the remaining 178 infants, thirteen were diag-
nosed as having SIP at a mean age of onset of 7.9 +1.9 days.
Maternal and patient demographic data are shown in Table 1.
Mean gestational age and birth weight were similar in the
two groups. There was a greater percentage of males in the
SIP group (84.6% vs 49.1%, p=0.025).

Table 1. Maternal and Infant Demographics
SIP NP P

Maternal

Maternal age (years) 26.8+2.6 27.8+0.5 NS
Cesarean birth (%) 67.3 69.2 NS
Neonatal

Mean gestational age (weeks) 259+0.6 262+0.2 NS
Birth weight (g) 732+£40 758 £12 NS
Male infant (%) 84.6 49.1 <0.025
APGAR <5 at 1 min (%) 46.2 57.6 NS
APGAR <5 at 5 min (%) 7.7 18.2 NS
Out born (%) 61.5 39.9 <0.05
Mortality (%) 7.7 15.8 NS

NS=not significant.

Maternal factors are presented in Table 2 and were com-
parable in the two groups. Clinical diagnosis and course of
the two groups are presented in Table 3. There was a higher
percentage of PDA (92.3% vs 68.5%) in the SIP group, but
this did not reach statistical significance. PDA was diag-
nosed by echocardiogram and symptomatic PDA was treated
with 1-2 courses of indomethacin (0.2mg/kg every 12 hours
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for 3 doses). Umbilical arterial and venous catheter place-
ments were similar in the two groups. Eleven out of the thir-
teen cases with SIP had blood or peritoneal fluid cultures
positive for Staphylococcus epidermidis at presentation and
two were positive for Candida.

Table2. Maternal Risk Factors (%)
SIP NP P
Polyhydramnios (%) 0 0.6 NS
Oligohydramnios (%) 0 7.3 NS
Preeclampsia (%) 0 17.0 NS
Diabetes (%) 0 6.1 NS
Premature rupture of membranes (%) 23.1 21.2 NS
Group B Streptococcus Chorioamnionitis (%) 0 24 NS
Substance abuse (%)
Tobacco 0 24 NS
Alcohol 0 0 NS
Amphetamine 7.7 1.8 NS
Cocaine 7.7 3.6 NS
Heroin/Methadone 0 1.2 NS
Marijuana 7.7 1.2 NS
Barbiturates 0 0.6 NS

NS=not significant.

Table3. Neonatal Clinical Course
SIP NP P
Respiratory distress syndrome (%) 733 76.9 | NS
Patent ductus arteriosus (PDA) (%) 92.3 68.5 | NS
PDA Ligation (%) 30.8 | 29.1 | NS
PDA ligation after indomethacin failure (%) 154 20.6 | NS
PDA ligation with no indomethacin (%) 15.4 6.7 NS
Intraventricular Hemorrhage (%) 242 30.8 | NS
Umbilical artery catheter placement (%) 539 622 | NS
Umbilical vein catheter placement (%) 61.5 66.7 | NS

NS=Not significant.

Perinatal exposure to medications is displayed in Table 4.
There was a significantly higher use of tertbutaline in moth-
ers of SIP infants (SIP 30.8% vs NP 9.1%, p=0.025). Early
use of indomethacin (0-3 days) was significantly higher in
the SIP group (SIP 69.2% vs 27.9%, p=0.002). Hydrocorti-
sone was used for treatment of persisting hypotension in the
study population at doses of 1mg/kg/dose every 6hrs for
maximum of 4 doses. Use of hydrocortisone was similar in
the two groups, but combination of early treatment with hy-
drocortisone and indomethacin (0-3 days) was higher in the
SIP group (7.7% vs 0.6%, p=0.02). Betamethasone was used
as an antenatal steroid at our hospital and complete and in-
complete courses were included for analysis. Combined ex-
posure to antenatal steroids and postnatal indomethacin was
higher in the SIP group (0-3 days: 53.0% vs 15.2%, p=0.001;
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Table4. Medications (%)
SIP NP ¥4 0dds Ratio (CI)
Maternal Medications (%)
Maternal Indomethacin 7.7 9.7 NS 0.78 (0.10-6.36)
MgSO4 385 40 NS 0.94 (0.29-2.99)
Terbutaline 30.8 9.1 0.015 4.44 (1.22-16.18)
Maternal Steroids 84.6 63.0 NS 3.23 (0.69-15.04)
Neonatal Medications (%)
Indomethacin (day 0-3) 69.2 27.9 0.002 5.65 (1.66-19.24)
Indomethacin (day 4-10) 7.7 17.6 NS 0.39 (0.05-3.13)
Indomethacin (0-14) 76.9 50.9 NS 1.86 (0.49-7.01)
Hydrocortisone (day 0-3) 7.7 43 NS 1.64 (0.19-14.18)
Hydrocortisone (day 4-10) 7.7 3.0 NS 3.35(0.35-32.42)
Hydrocortisone (day 0-14) 15.4 10.9 NS 0.83 (0.010-6.86)
Dobutamine (day 0-14) 23.1 10.9 NS 2.31(0.58-9.13)
Dopamine (day 0-14) 69.2 34.6 0.017 4.04 (1.19-13.69)
Caffeine (day 0-14) 69.2 69.7 NS 1.45 (0.38-5.49)
Combination Medications (%)
Maternal steroids + Neonatal indomethacin (0-14 day) 69.2 36.7 0.019 3.938 (1.163-13.334)
Maternal steroids + Neonatal indomethacin(0-3 days) 61.5 15.2 0.001 8.554 (2.594-28.209)
Maternal terbutaline + antenatal steroid 30.8 6.7 0.003 6.222 (1.650-23.460)
Neonatal Hydrocortisone (0-14 days) + Neonatal Indomethacin (0-14 days) 154 9.1 NS 1.1818 (0.368-8.982)
Neonatal Hydrocortisone (0-3 days) + Neonatal Indomethacin (0-3 days) 7.7 0.6 0.02 13.67 (0.8-232.31)

NS=not significant; CI=Confidence interval.

0-14 days: 69.2% vs 36.4%, p= 0.025). Hypotension requir-
ing dopamine was significantly higher in the SIP group (SIP
69.2 vs NP 34.6, p=0.017).

DISCUSSION

In our single institution experience over a period of 42
months, we found that SIP in ELBW infants was associated
with early treatment with indomethacin for symptomatic
PDA. Furthermore, SIP was associated with hypotension in
these infants requiring use of dopamine. We also found an
association between SIP and tertbutaline used prenatally as a
tocolytic. This association has not been previously described.
Most of these SIP cases were associated with Staphylococ-
cus epidermidis infections, consistent with previous reports,
including one from our institution [4-6]. While there have
been several previous studies reporting the association of
various risk factors with SIP, the strength of this study is that
we comprehensively examined the various prenatal as well
as postnatal factors which may be associated with develop-
ment of SIP in ELBW infants in a single institution.

A bimodal distribution in SIP presentation has been de-
scribed by Attridge [15] with 1/5™ of the cohort presenting in
days 0-3 and the remainder between 4-14 days. Interestingly,
the early SIP cases included larger infants with mean gesta-
tional age of 31 weeks (birth weight 1401g) versus 25 weeks
(birth weight 775g) for the late SIP cases. The latter group

was also more likely to have received indomethacin and
steroids. Infants in our study who developed SIP had a mean
age of 7.9 days and thus fall in the late SIP presentation
category and share similar characteristics with the late SIP
infants described by Attridge, including higher likelihood of
early exposure to indomethacin and hydrocortisone. One of
the reasons we did not have early SIP presenters is that we
only included the smaller preterm infants weighing <1000g.

Indomethacin, a prostaglandin synthesis inhibitor, is used
extensively in the ELBW population for treatment of PDA
and has also been used in several centers for intraventricular
hemorrhage (IVH) prophylaxis. It has been known to de-
crease mesenteric blood flow, cause direct mucosal injury as
well as increase intestinal contractility, all of which contrib-
ute to intestinal damage [9]. Indomethacin has been linked
with SIP in several studies [3, 16-18]. In a multi center ran-
domized study [11], indomethacin was administered to all
study infants irrespective of presence of symptomatic PDA.
As a secondary outcome, there was no difference in occur-
rence of SIP in indomethacin prophylaxis and control
groups. This suggests that indomethacin may be acting syn-
ergistically with other risk factors in development of SIP in
these infants. Consistent with this concept, we did not find a
significant relationship between indomethacin treatment in
the first two weeks of life and development of SIP. However,
timing of indomethacin in the first three days of life made
the relationship highly significant. At our institution, indo-
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methacin is only used for treatment of symptomatic PDA,
which may itself be a co-risk factor for development of SIP
as suggested previously by Attridge er al. [3]. This would
explain the difference in SIP outcomes between the previous
study [11] (where indomethacin was administered prophy-
lactically to all infants <1000g) and this study (where indo-
methacin was only used for treatment of symptomatic PDA).

Previous studies have linked combined use of indo-
methacin and hydrocortisone [3, 9] or dexamethasone [10,
19] with development of SIP. We found this to be true for
combined exposures to indomethacin and hydrocortisone
occurring in the first three days of life. Recent studies have
cautioned against using indomethacin in infants with ele-
vated endogenous cortisol levels [3, 9]. We found signifi-
cantly greater occurrence of SIP in outborn versus inborn
infants. While transport of infants would be expected to be
associated with a certain amount of stress, we do not have
information regarding their cortisol levels. Hence combined
effects of elevated endogenous cortisol levels and indo-
methacin need to be further studied.

We found an association between intrauterine exposure
to tertbutaline (used as a tocolytic for preterm labor) and
SIP. Tertbutaline is a beta 2-adrenergic agonist and has not
been previously associated with infant morbidity [20]. How-
ever, in the fetus, maternal tertbutaline has been associated
with tachycardia, hypotension, ileus and hydrops [21]. One
or a combination of these may place the fetus at risk for de-
veloping SIP after birth. A recent study showed suppression
of glomerular function along with decreased systemic blood
pressure in rats over expressing beta 2 adrenergic receptors
[22]. Intra renal beta 2 adrenergic receptor expression in-
creases with age in children and is up regulated by steroids
[22]. In this study, all infants in the SIP group who were ex-
posed to intrauterine tertbutaline were also exposed to ante-
natal steroids and the combined effect of tertbutaline and
antenatal steroids was significant versus controls. This asso-
ciation between tertbutaline (+ antenatal steroids) and SIP
needs to be further explored and precautions may need to be
taken in ELBW infants exposed to intrauterine tertbutaline
and antenatal steroids.

Consistent with previous reports [3] we found that hy-
potension in ELBW infants requiring treatment was associ-
ated with SIP. While there is some capacity for mesenteric
blood flow autoregulation, in the presence of profound hy-
potension, net vasoconstriction and decrease in intestinal
blood flow are seen [23]. Interestingly, association with SIP
was only found with use of dopamine and not with dobu-
tamine. Whether this is a direct effect of dopamine or reflects
a state of hemodynamic compromise is difficult to tell. The
protocol followed by clinicians at our unit includes use of
fluid bolus followed by dopamine. Dobutamine is added for
infants with persisting hypotension. Recent studies suggest
that dopamine may have deleterious effects on the intestinal
mucosal cells related to redistributing blood flow away from
the intestinal mucosa or by decreasing directly the cell redox
state [24].

While birth asphyxia was reported in a quarter of their
group of SIP in the study by Holland ef al. [5] we did not
find any association between low APGAR scores and SIP.
We also did not find an association between umbilical arte-
rial or venous line placements, or modes of ventilation. We
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did find a gender difference in cases of SIP which was sig-
nificant for male infants. This has previously been reported
[5, 6] and may be related genetically to the better survival
figures of female versus male infants. While there is concern
that caffeine administration may be associated with reduc-
tion in mesenteric blood flow velocity [25, 26] we did not
find any association between use of caffeine in these infants
and SIP.

A weakness in our study is its retrospective design. How-
ever the incidence of SIP is only 1-7% and it would be diffi-
cult to study SIP prospectively. We looked at 42 months
using our electronic medical records data base and found
only 13 cases of SIP which were confirmed by a thorough
review of the records by a pediatric surgeon and differenti-
ated from NEC.

In conclusion, while indomethacin use in general may not
be related to development of SIP, the timing of indomethacin
administration appears to be highly significant. Early ad-
ministration during the first three days of life increases the
risk of SIP. In addition, indomethacin appears to act syner-
gistically with other risk factors, such as the presence of
symptomatic PDA and co-exposure to antenatal or postnatal
steroids, to increase the risk for SIP in ELBW infants. Hy-
potension requiring use of dopamine in the first two weeks
of life is independently related to development of SIP. In
addition, prenatal exposure to maternal tertbutaline can in-
crease the risk for SIP.
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