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KEYWORDS ABSTRACT

Premature, Background: The specific etiology of spontaneous intestinal perforation (SIP) and necrotizing
Spontaneous intestinal enterocolitis (NEC) remains elusive. Both can present acutely without antecedent signs and
perforation,

can be difficult to differentiate. Neonatal nucleated red blood cell (NRBC) counts are part of
the routine admission and serial CBCs drawn on premature neonates. Elevated NRBC
counts could represent relative intrauterine hypoxemia, a possible risk factor for the
development of SIP or NEC.

Biomarker,
Nucleated red blood cells,
Necrotizing enterocolitis

Methods: We compared premature neonates with SIP to premature neonates with NEC and
controls, matched gestational age (GA) and birth weight (BW). Kruskal-Wallis, Chi-Square, or
Fisher's exact tests and univariate and multivariate nominal logistic regression models were
used to estimate the association of baseline NRBC. Median times to SIP and NEC were
calculated using the Kaplan-Meier method. All analyses were performed with SAS 9.4.

Results: Male sex (72.5%), lower GA [Median (Q1, Q3): 25.1 (23.8, 28)], and lower BW
[Median (Q1, Q3): 690 g (585, 1072)] had the highest incidence of SIP compared to NEC or
controls. Increased baseline NRBC was associated with lower odds of developing NEC
compared to controls [Median (Q1, Q3): 9 (5, 29) vs 19 (10, 51); OR (CI) 0.70 (0.55, 0.89), p-
value = 0.0033]. Increased baseline NRBC was associated with higher odds of developing SIP
compared to NEC [Median (Q1, Q3): 9 (5, 29) vs 19 (10, 51); OR (CI) 1.61 (1.18, 2.20) p-value
= 0.0027]. There were no significant differences between intrauterine growth restriction
(IUGR), maternal hypertension, chorioamnionitis, multiple births, or depressed APGAR
scores in all three groups. NRBC for SIP neonates remained significantly higher at the day of
life (DOL) 1-3 compared to other groups [Median (Q1, Q3): 23 (6, 93), p-value = 0.0020]. The
percentage of patients with NRBC >4, remained elevated for patients with SIP as late as week
three (p = 0.0023).

Conclusion: ELBW, male sex, and elevated baseline NRBC were significantly associated with
the risk of developing SIP compared to NEC or controls. NRBC remained significantly
elevated on DOL 1-3, compared to NEC or controls. Between the groups, there were no
significant differences in perinatal stressors.

INTRODUCTION Although SIP has better clinical outcomes than intes-
tinal perforation secondary to NEC, mortality remains
high (20-40%). [2, 3, 6] Additionally, SIP has an asso-
ciation with poor neurodevelopmental outcomes at
18-22 months, corrected age. The specific etiology of
NEC and SIP remains elusive. Both can present
acutely with few antecedent signs. With feeding proto-
cols and exclusive use of breast milk, the incidence of
NEC is not increasing. With smaller and smaller neo-
nates being resuscitated, SIP is projected to become
the most common form of surgical bowel disease in
extremely low birth weight (ELBW) neonates.

Spontaneous intestinal perforation (SIP) is an isolated
focal intestinal perforation usually 5-10 mm with his-
tologic findings of hemorrhagic necrosis of the an-
timesenteric border of the distal ileum with the ab-
sence of inflammation, ischemia, or coagulation ne-
crosis, clinically distinct from necrotizing enterocolitis
(NEC). [1, 2] SIP occurs most often in the first week of
life in extremely low birth weight (ELBW) < 1,000-
gram neonates with an incidence of 3-8% [3-5], in
contrast to a later onset of NEC in preterm neonates.
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Studies have demonstrated multiple risk factors for
the development of SIP, such as postnatal corticoster-
oids, indomethacin, chorioamnionitis, and patent
ductus arteriosus (PDA), however, no one specific bi-
omarker has been found to predict NEC or SIP. [2, 4]
The pathophysiology of SIP and NEC is not fully un-
derstood, but it appears that the underlying disease
mechanisms are different for both. [6, 7] Infection,
inflammatory response, ischemia, immunologic barri-
er dysfunction, and endothelial injury are postulated
to play roles in NEC. [7-9] Animal models have
demonstrated possible mechanisms for SIP, including
steroid-induced bowel wall submucosal thinning with
mucosal hyperplasia and perturbations in nitric oxide
metabolism from altered blood flow. [1] The ileum may
be particularly vulnerable to mucosal hyperplasia as
there is a concentration of insulin-like growth factor-1
within the mesenchymal tissue of the neonatal ileum
that is displaced after exposure to steroids. In addi-
tion, studies have shown a loss of the anti-apoptotic
factor, transforming growth factor alpha, in the mus-
cularis externa of neonatal mice after dexamethasone
treatment that may allow the necrosis of smooth
muscle seen in SIP. [1]

SIP can be clinically challenging to differentiate from
intestinal perforation secondary to NEC. [6] In con-
trast to NEC, the intestinal mucosa of SIP will have no
evidence of inflammation or pneumatosis. SIP is more
commonly seen in very low birth weight (VLBW) <
1,500 grams and ELBW neonates who have a PDA
treated with indomethacin, have received vasopressor
support, or have received hydrocortisone. [1, 3, 4|
There is rarely associated physiologic deterioration
with a usual presentation of abrupt onset of ab-
dominal distention with discoloration and a gasless
abdomen without pneumatosis intestinalis or portal
venous air. [2] On the other hand, NEC presents on
average at 2-3 weeks of life and often at 4-6 weeks in
ELBW neonates. [7] Unlike SIP, neonates with NEC
frequently develop leukopenia, thrombocytopenia,
hyponatremia, metabolic acidosis, and glucose insta-
bility. [7] For cases of SIP with single perforation, peri-
toneal needle aspiration or placement of Penrose
drains is the treatment of choice. [3, 6, 12]

It is important to differentiate SIP from NEC to identi-
fy appropriate management and outcomes. In view of
its unpredictable onset and high mortality, research
has been conducted on NEC biomarkers with a spe-
cial focus on inflammatory mediators and on the gut
microbiome of preterm neonates. [11, 13, 14] Some
studies identified a reduced stool microbial diversity
in preterm versus term neonates, leading to the hy-
pothesis of “inappropriate colonization” precipitating
NEC. [14, 21] There is insufficient data to discern SIP
from NEC using biomarkers. By identifying a bi-
omarker, we could recognize a population to study
putative interventions to potentially prevent SIP.

Nucleated red blood cells (NRBC) are immature eryth-
rocytes produced in the fetal bone marrow that are
released in response to hypoxia and possibly inflam-
matory mediators. [15, 16] An association between
hypoxia and an increased NRBC count has been not-
ed in animal models and in human neonates. Alt-
hough it is uncommon to find NRBCs in the peripher-
al blood in other age groups, NRBC counts up to
4/100 WBC are considered normal on the first day of
life. Initial neonate NRBC counts can be elevated at
birth with perinatal stress such as intrauterine
growth restriction (IUGR), maternal hypertension,
chorioamnionitis, multiple births, congenital anemia,
or difficult transition to extrauterine life with de-
pressed APGAR scores. [17-20] We hypothesized that
uteroplacental insufficiency reflected in neonate
NRBC at birth could be a risk factor for gastrointesti-
nal disease in neonates.

METHODS

After obtaining institutional review board approval,
analysis was conducted using a retrospective chart
review of neonates admitted to the fifty-bed level III
neonatal intensive care unit at Loyola University Med-
ical Center between the years of 2008 to 2018. Prema-
ture neonates with a clinical diagnosis of SIP were
compared to premature neonates with stage II and
stage III NEC and control premature neonates without
SIP or NEC of matched gestational age (GA) and birth
weight (BW). [10] Neonates with congenital cardiac,
pulmonary, gastrointestinal, and chromosomal ab-
normalities, congenital anemia, and a birth GA of 37
weeks or greater were excluded from the study.

Kruskal-Wallis test, Chi-Square test, or Fisher's exact
test were used to compare distributions of baseline
characteristics between groups and perinatal stress
characteristics between groups. Univariate and multi-
variate nominal logistic regression models were used
to estimate the association of baseline NRBC between
groups; multivariable models were adjusted for BW
and GA.

Given the skewness of NRBCs, nominal logistic
regression models used a log transformation of NRBC
to detect differences in unadjusted and adjusted
outcomes. Median times to SIP and NEC were cal-
culated using the Kaplan-Meier method of each sub-
set. Longitudinal comparisons of NRBC were done
cross-sectionally up to week 4 using the Kruskal-
Wallis test at each timepoint given enough variation;
otherwise not calculated (i.e. if < 75% with a value of
zero, not calculated). An NRBC value of < 4 was con-
sidered normal.

The Chi-square test or Fisher's exact test was used to
compare frequencies of abnormal NRBC
sectionally up to week 4. Significance was defined by
2-sided p-values < 0.05. All analyses were performed
with SAS 9.4 (Cary, NC).

Cross-

Journal of Neonatal Surgery Vol. 12; 2023



Nucleated red blood cells as a potential biomarker for predicting spontaneous intestinal perforation in premature infants

RESULTS

A total of 239 neonates were included in the study, 40
had a clinical diagnosis of SIP, 61 had stage II or
stage III NEC, and 138 neonates were controls
matched for GA and BW. As compared to NEC pa-
tients, patients with SIP were more likely to be male
(72.5% vs 47.5%) and had lower GA [Median (Q1, Q3):
25.1 (23.8, 28) vs 27 (25.1, 31.1)] and lower BW [Me-
dian (Q1, Q3): 690 (585, 1072) vs 960 (680, 1560)]
(Table 1). NRBCs at birth were the lowest in groups
that later developed NEC [Median (Q1, Q3): NRBC
count 10/100 WBC: 9 (5, 29)] (Table 1). Consistent
with established reports, the median time to SIP was
seven days (Fig. 1), whereas the median time to NEC
was 19 days (Fig. 2).

Time to SIP, Median = 7 days
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Figure 1: Time to SIP
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Figure 2: Time to NEC
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Figure 3: Median NRBC by the group over time
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Figure 4: Percentage with NRBC > 4

Elevated baseline NRBC was associated with de-
creased odds of developing NEC compared to controls
[OR: 0.70 (0.55, 0.89), p-value=0.0033] (Table 2). Ele-
vated baseline NRBC was associated with increased
odds of SIP relative to NEC [OR: 1.61 (1.18, 2.20), p-
value=0.0027] (Table 2). There were no statistical dif-
ferences in perinatal stresses of IUGR, maternal hy-
pertension, chorioamnionitis, multiple births, or de-
pressed APGAR scores between the three study
groups (Table 3).

The median NRBC value at birth for neonates with
SIP was 24.5/100 WBC (Q1, Q3: 6, 93) and remained
elevated up to the third day of life [Median (Q1, Q3):




Nucleated red blood cells as a potential biomarker for predicting spontaneous intestinal perforation in premature infants

23 (6, 93)]. NEC neonates had a medium NRBC value
of 9/100 WBC (Q1, Q3: 5, 29) at birth and normalized
to less than 4/100 WBC by day of life (DOL) 3. SIP
neonates continued to have a median NRBC > 1 at
week one of life, whereas NEC and control neonates
had median NRBC values of O starting at one week of
life (Table 4, Fig. 3). The proportion of neonates with
elevated NRBC count (>4/100 WBC) did not vary at

birth between the groups. However, the proportion of
SIP patients with elevated NRBC counts was higher
than both the NEC patients and controls on DOL 1-3
(82.5% vs 47.6% vs 67.4%, p-value = 0.0011), week 1
(42.5% vs 14.8% vs 11.6%, p-value =0.0011), week 2
(20% vs 3.3% vs 4.4%, p-value = 0.0033), and week 3
(15% vs 3.3% vs 1.5%, p-value = 0.0124) (Table 5, Fig.
4).

Table 1. Descriptive Statistics, n (%)

Spontan_eous bowel Necrotizing enterocolitis Controls P value*
perforation (SIP) N=40 (NEC) N=61 N=138

Gender 0.0402
Male 29 (72.5%) 29 (47.54%) 74 (53.62%)
Female 11 (27.5%) 32 (52.46%) 64 (46.38%)
Race 0.0561
Caucasian 15 (37.5%) 20 (32.79%) 56 (40.58%)
African American 6 (15.0%) 18 (29.51%) 37 (26.81%)
Hispanic 18 (45.0%) 20 (32.79%) 30 (21.74%)
Asian 1 (2.5%) 2 (3.28%) 4 (2.9%)
Others 0 (0%) 1 (1.64%) 11 (7.97%)
Gestational age, Median (Q1, Q3) 25.1(23.8, 28) 27 (25.2,31.1) 27 (25.2, 27.2) 0.0051
Birth weight, Median (Q1, Q3) 690 (585, 1072) 960 (680, 1560) 860 (730, 1040) 0.0122
Admission NRBC 24.5 (7, 104) 9 (5, 29) 19 (10, 51) 0.0064
Hematocrit at birth 42.95 (36.45, 46.45) 43 (35.25, 46) 43.15 (5.76) 0.385
Indomethacin 0.0294
Yes 8 (20.0%) 9 (15%) 44 (31.88%)
No 32 (80.0%) 51 (85%) 94 (68.12%)
Ibuprofen 0.1258
Yes 10 (25.0%) 14 (23.33%) 19 (13.77%)
No 30 (75.0%) 46 (76.67%) 119 (86.23%)
Postnatal steroids <0.0001
Hydrocortisone 16 (40.0%) 6 (10%) 8 (5.8%)
Dexamethasone 4 (10.0%) 4 (6.67%) 9 (6.52%)
None 20 (50.0%) 50 (83.33%) 121 (87.68%)
Vasopressors <0.0001
Dopamine 17 (42.5%) 13 (21.67%) 25 (18.12%)
Dobutamine 3 (7.5%) 2 (3.33%) 13 (9.42%)
Epinephrine 11 (27.5%) 2 (3.33%) 6 (4.35%)
IVH 0.0224
Yes 19 (31.67%) 15 (20%) 36 (20.69%)
No 21 (68.33%) 45 (80%) 102 (79.31%)

* P-value calculated with Kruskal-Wallis test, Chi-square test, or Fisher’s exact test, as appropriate.

DISCUSSION A unique finding in our study is that the NRBC count

In this study, we report that NRBCs are elevated
shortly after birth and in the first 3 days of life in pre-
term neonates who go on to develop SIP. Elevated
NRBC at birth with delayed normalization is charac-
teristic of chronic hypoxic ischemic compromise. [22]

in SIP neonates took longer to normalize than in
premature NEC and control neonates. The increase
and delayed normalization of NRBC in the SIP group
is consistent with more prolonged uteroplacental in-
sufficiency and diving reflex.
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Table 2. Association of baseline log (NRBC), per log unit increase

Response Odds Ratio Unadjusted** P-Value Odds Ratio adjusted** (confidence interval) P-Value
(confidence interval)

SIP vs. Control 1.13(0.87, 1.47) 0.3609 1.33(0.96, 1.84) 0.0887

NEC vs. Control 0.70 (0.55, 0.89)* 0.0033 0.76 (0.58, 0.99)* 0.0398

SIP vs. NEC 1.61 (1.18, 2.20)* 0.0027 1.75 (1.20, 2.55)* 0.0035

**Odds ratio and p-value estimated using a nominal logistic regression model. The adjusted model included covariates of gestational age

and birth weight.

Table 3. Characteristics contributing to perinatal stress

Spontaneous bowel perforation (SIP) Necrotizing enterocolitis (NEC) | Controls P value*
N=40 N=61 N=138
IUGR, n (%) 2 (5%) 4 (7%) 11 (8%) 0.940
Maternal HTN, n (%) 2 (5%) 8 (13%) 9 (7%) 0.236
Chorioamnionitis, n (%) 4 (10%) 9 (15%) 12 (9%) 0.390
Preeclampsia, n (%) 4 (10%) 6 (10%) 20 (14%) 0.588
Multiple Births, n (%) 12 (30%) 12 (20%) 38 (28%) 0.412
1 min Apgar, Median (Q1, Q3) 5(2,7) 6(3,8) 6(4,7) 0.252
5 min Apgar, Median (Q1, Q3) 7.5(4,9) 8(7,9) 8(7,9) 0.253
10 min Apgar, Median (Q1, Q3) 8(7,9) 8(8,9) 8(8,9) 0.468
*P-value calculated with Kruskal-Wallis test, Chi-square test, or Fisher’s exact test, as appropriate.
Table 4. Median (Q1, Q3) of NRBC by DOL
Group Day 0 Day 1-3 Week 1 Week 2 Week 3 Week 4
SIP 24.5 (7, 104), N=40 23 (6, 93), N=40 3 (0, 15), N=40 | 1 (0, 4), N=40 0 (0, 1.5), N=40 | 0 (0,0), N=40
NEC 9 (5, 29), N=61 3 (0, 18), N=61 0 (0, 2), N=61 0 (0, 2), N=61 0 (0, 0), N=61 0 (0, 0), N=61
Control 19 (10, 51), N=138 9 (3, 270, N=138 0, (0, 2), N=168 | 0(0,0), N=168 | 0 (0, 0), N=168 | 0 (0, 0), N=168
P-Value* 0.0064 0.0020 NA NA NA NA
*P-Value calculated with Kruskal Wallis test
Table 5. The proportion of individuals with NRBC greater than 4
Group Day 0 Day 1-3 Week 1 Week 2 Week 3 Week 4
SIP 34/40 (85%) 33/40 (82.5%) 17/40 (42.5%) 8/40 (20%) 6/40 (15%) 1/40 (2.5%)
NEC 46/61 (75%) 29/61 (47.5%) 9/61 (14.8%) 2/61 (3.3%) 2/61 (3.3%) 0/61 (0%)
Control 120/138 (87%) 93/138 (67.4%) 16/138 (11.6%) 6/168 (4.4%) 2/138 (1.5%) 0/138 (0%)
P-Value* 0.1230 0.0010 0.0010 0.0036 0.0024 0.1674

*P-Value calculated with chi-square test or Fisher’s exact test, as appropriate.

The role of NRBC as a prognostic biomarker in neo-
nates has been previously studied. An increase in
NRBC count can be seen in asphyxia, where the de-
gree of NRBC elevation related to the duration and
severity of asphyxia has been explored. Boskabadi et.
al. demonstrated that there was 94% predictive power
when NRBC count was used in combination with hy-
poxic-ischemic encephalopathy grading to determine
the prognosis of asphyxiated neonates. [15]

Journal of Neonatal Surgery Vol. 12; 2023

Surgical findings in SIP are reasonably typical and
constant. One or two perforations are found in the
terminal ileum, on the antimesenteric border, in oth-
erwise normal appearing bowel. Pathology on resected
specimens frequently shows hemorrhagic necrosis.
This is in contrast to the ischemic and coagulative
necrosis seen in NEC. Thinning of the submucosa
and muscularis is also seen at the site of perforation.
There are also many physiological alterations present
in the intestine of the premature newborn, including
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decreased motility that improves with advancing ges-
tation. We hypothesize that anatomic and physiologi-
cal immaturity of the ELBW's gastrointestinal tract
can become vulnerable and exacerbated by fetal hy-
poperfusion reflected by elevated NRBCs at birth with
delayed normalization. Male gender vulnerability has
been previously demonstrated in neonates born
prematurely. Compared to females, males have more
postnatal complications including lower Apgar scores,
higher rates of respiratory distress syndrome, and
higher perinatal mortality rates. [23] It is certainly
feasible that the gastrointestinal tract of the male is
more immature than their female counterparts in-
creasing the vulnerability to SIP. This vulnerability is
then exacerbated by the stress of hypoperfusion, as
evidenced by sustained elevation of NRBC.

Our study has several limitations. This was a retro-
spective study and laboratory values were not ob-
tained at consistent times, so they evaluated by date
ranges to follow up NRBC after the initial birth labs
were drawn. Although different entities, SIP like NEC
most likely has a multifactorial etiology. Such risk
factors include hypoxia, hypoperfusion, cord and ne-
onate pH, use of steroids, use of NSAIDs, intra-
ventricular hemorrhage, and delayed enteral feeding.
Although prospective studies are needed, our data
demonstrate that a premature male neonate with ele-
vated NRBC at birth is at significant risk for develop-
ing SIP.

We hypothesize that chronic uteroplacental insuffi-
ciency would result in the redistribution of cardiac
output through the primitive diving reflex from the
negotiable circulation of the gut to the non-negotiable
circulation of the heart, brain, and adrenal glands,
ultimately making the small intestine more vulnerable
to non-inflammatory perforation. The potential inter-
actions between perinatal hypoxic-ischemic compro-
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