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Abstract

hematochezia.

NEC on the differential for neonatal hematochezia.

Background: Necrotizing enterocolitis (NEC), while classically discussed in preterm and low birth weight neonates,
also occurs in the term infant and accounts for 10% of all NEC cases. Despite there being fewer reported cases of
NEC in term infants, these presentations demonstrate differences in the onset, severity and risk factors from the
classic presentation observed in premature infants. We present a novel case of term NEC that contravenes the
reported literature making departures from clinical presentation, risk factors and location of perforation in an
otherwise healthy term two-day old infant born after an uncomplicated pregnancy who presented with

Case presentation: A healthy term baby born after an uneventful pregnancy presented with bloody stool at 2 days
of life who was otherwise well. Investigations revealed pneumoperitoneum from a large proximal transverse colonic
perforation secondary to NEC. No typical risk factors for NEC were found.

Conclusion: Given the life-threatening potential of an unrecognized perforation we recommend the inclusion of
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Introduction

This case highlights the presentation of a term two-day
old neonate with bloody stools which has a broad differ-
ential ranging from benign to life threatening. Here the
underlying aetiology was necrotizing enterocolitis with a
large transverse colonic perforation. This unique case
comprises a series of rare elements from age at onset of
symptoms, to the absence of risk factors, to the under-
lying pathology in a term infant with the rare complica-
tion of intestinal perforation in a location not in keeping
with known case reports. This case underscores the im-
portance of maintaining a broad differential as the
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benign history and physical examination underrepre-
sented the life-threatening nature of the underlying
pathology of a large intestinal perforation.

Case description

A two-day old female born at 39 week’s gestation was re-
ferred from a community hospital to a tertiary level neo-
natal intensive care unit (NICU) with the chief medical
concern of bloody stools. Antenatal history was unre-
markable. The infant was born after a relatively uncom-
plicated pregnancy to a 28-year-old GI1PO mother.
Maternal serologies for rubella, herpes, HIV and syphilis
were protective and group B Streptococcus testing was
negative. Maternal cytomegalovirus status was not
known. The only maternal medication was prenatal vita-
mins. There was no history of infections or diabetes.
Gestational hypertension developed in the last month of
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pregnancy did not require intervention. There was no
maternal or paternal family history of any gastrointes-
tinal issues, no allergies and no family history of cow’s
milk protein allergy (CMPA). Additionally, there was no
history of familial bleeding disorders and parents were
non-consanguineous. There was no major blood loss at
the time of delivery, no bloody discharge from the
mother’s nipples and there was no blood loss associated
with a neonatal ankyloglossia release performed on the
first day of life. The infant was born via spontaneous va-
ginal delivery with no instrumentation after an induction
of labour for pre-eclampsia. Membranes were ruptured
for twelve hours and active labour was under two hours.
APGARS were 8 and 9 at one and five minutes respect-
ively. The umbilical cord gas had a pH of 7.17 and a
base excess of — 7.7 mmol/L. She received standard new-
born care including a subcutaneous injection of vitamin
K and did not receive any additional medications.

During the first twenty-four hours of life the infant
was breastfeeding with latch issues and required an
ankyloglossia release. She subsequently continued to
breastfeed and was additionally given formula three
times. The family recalled that the newborn had ap-
proximately ten dark green to black, loose, foul smelling
bowel movements and gradually became less interested
in feeding. This was brought to the attention of the
physician later the following day. On day of life two ini-
tial vitals check at mother’s bedside showed a heart rate
of 180 beats per minute and a temperature of 38.3 °C.
Upon re-assessment in the nursey the heart rate was 130
beats per minute with a temperature of 37.3°C and the
remainder of her vitals within normal limits. On physical
exam baby was reported to be less active but responsive
and appropriate with handling, otherwise exam was con-
sistent with a healthy newborn exam; bowel sounds were
present, abdomen was soft and there were no hemangi-
omas present on the infant’s skin. There was a question-
able anal fissure at the 12 o’clock position. Initial
complete blood counts showed a white cell count of 8 x
10°/L, hemoglobin of 19.2 g/dL, platelets of 258 x 10°/L
and there were no eosinophils present. From a capillary
sample, gas and electrolytes were within normal limits;
the C-reactive protein was 21.5 mg/L and plasma lactate
was 4.2 mmol/L. Over the next ten hours the baby
had approximately four moderately bloody stools with
blood mixed throughout the stool. Additionally, a co-
agulation profile was performed and was within nor-
mal limits. Blood cultures were drawn (which were
subsequently negative) and antibiotics were started. A
single view abdominal X-ray was performed (Fig. 1a)
that showed a nonspecific bowel gas pattern, without
pneumatosis, nor dilated bowel loops. The baby was
subsequently transferred uneventfully to our tertiary
NICU.
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Upon arrival at the tertiary level NICU, at approxi-
mately 55h of life, while hemodynamically stable on
room air, the baby started to produce copious bilious
emesis without exhibiting signs of discomfort. Abdom-
inal x-ray (Fig. 1b) showed pneumoperitoneum. Repeat
blood work showed a white cell count of 8.8 x 10°/L,
hemoglobin of 16.4g/dL, platelets of 200 x °/L and a
hematocrit of 46.2%, INR of 1.44, lactate 1.9 mmol/L
and a CRP of 83 mg/L. The infant was urgently trans-
ferred to the operating room where laparotomy revealed
a full thickness perforation of the anterior antimesen-
teric transverse colon that was two centimeters in diam-
eter, in the mid transverse colon (Fig. 2). There were
patches of green-grey discoloration and suspected full
thickness necrosis extending to the cecum and appendix
suggesting the pathological epicentre was in the mid
transverse colon with additional satellite lesions radiating
outward. There was no evidence of intrabdominal calcifi-
cations to suggest a remote intrauterine perforation. There
were no ischemic or necrotic lesions in the distal trans-
verse colon, descending colon, or the sigmoid colon and
rectum. Based on these findings, as the etiology was
thought to affect the entire ileocolic vascular distribution,
an extended right hemicolectomy was performed, with
formation of an end ileostomy and distal transverse colon
mucous fistula. During resection, no evidence of vascular
malformation or anomalies was noted.

The pathological evaluation of the ileocolic resection speci-
men was consistent with classical features of necrotizing en-
terocolitis with perforation and acute peritonitis (Fig. 3). The
perforation site in the colon showed transmural necrosis
with heavy acute inflammation as well as numerous empty,
dilated spaces in the submucosa, consistent with pneumato-
sis intestinalis. The rest of the resected bowel showed patchy
partial (in ileum and colon) to full thickness necrosis (in ap-
pendix), transmural acute inflammation and pneumatosis
intestinalis in the terminal ileum and distal colon.

The infant had an uneventful postoperative recovery.
Initially her nasogastric tube was placed to low intermit-
tent suction then transitioned to straight drainage.
When the nasogastric output was minimal, she was
worked up of oral feeds of expressed breast milk. She
progressively reached full feeds with breastmilk and was
discharged home within 2 weeks. A contrast study was
performed at 7 weeks, which revealed patency of the dis-
tal colon with no evidence of stricture. Five months after
her first operation, the patient underwent uncomplicated
elective laparotomy for reversal of both stomas and pri-
mary anastomosis. Mild adhesions were found at repeat
laparotomy with no distal atresia. She was advanced to a
full p.o. feeds on postoperative day 5. The resected end-
ileostomy specimen submitted for histologic evaluation,
showed an unremarkable bowel tissue with no evidence
of fibrosis or scarring from the neonatal episode of NEC.
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and central abdomen. No pneumatosis noted

Fig. 1 Abdominal X-ray series, performed on the second day of life. a. Antero-posterior view taken at ~ 47 h of life. Demonstrating nonspecific
gas pattern, no bowel dilation, no pneumatosis, with gas and stool to the level of the rectum. b. Antero-posterior and lateral views taken at ~ 55
h of life. Pneumoperitoneum noted inferior to the liver margin and as a triangle lucency over the left side of the abdomen (noted by the arrow)
and air outlining both sides of the bowel walls (arrowheads). Mild gaseous distension of several bowel loops more prominent in the left flank

Discussion and literature review

This complex case originating from a seemingly be-
nign initial presentation, touches on numerous points
for discussion principally involving NEC in the term
infant. This discussion includes a description of the
pathophysiology, risk factors, presentation and com-
plications including intestinal perforation in the
neonate.

NEC is an inflammatory necrosis of the intestine that
can be fatal [1, 2]. It is commonly associated with prema-
turity and low birth weight [1, 3]. However, since 1973
NEC has become a increasingly recognized entity in term
neonates, constituting 10-20% of NEC cases [1, 4, 5].
Since that time differences between preterm and term
NEC have emerged, leading to the notion that term NEC
could be considered a separate clinical entity. The
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Fig. 2 Surgical and macroscopic pathological intestinal tissue
sections. a. Full pathological specimen — extended right
hemicolectomy with appendix on left and perforated transverse
colon on right. b. Necrotic circular perforation of the transverse
colon (arrow) with greenish colour and yellowish colouring at the
perforation edges

pathophysiology of NEC is multifactorial with a complex
and delicate interplay between genetics, gut microbiome,
peripartum events and nutrition encompassing only a few
of the factors [3]. In preterm infants NEC involves the
interaction between three main components: imbalance of
intestinal microflora, damage to the intestinal wall and fi-
nally activation of the inflammatory cascade [6]. In contrast,
NEC in the term infant involves a compromised intestinal
blood flow, leading to ischemia and subsequent activation
of the inflammatory cascade [7, 8]. Depending on the com-
posite of risk factors present, intestinal hypoperfusion can
be the result of either hemodynamic redistribution to en-
sure brain and heart perfusion or the result of poor tissue
perfusion secondary to diastolic backflow [8].

Risk factors for term NEC can be divided into ante-
natal and post-natal categories [6—11]. Some of the ante-
natal risk factors include preeclampsia and maternal
diabetes. The post-natal category can be further divided
into medical aetiologies, including hypoglycemia, milk
protein allergy to list a few and an organic subsection,
including congenital heart disease, gastroschisis, vascular
abnormalities and myelomeningocele [6-11]. Of these
risk factors the most prominent, compromising over
50% of term NEC cases, is the presence of cardiac anom-
alies requiring surgical intervention [1]. While there are
numerous factors specific to term infants, there are add-
itional factors common to all infants regardless of gesta-
tional age at birth including: formula feeding, hypoxia,

Fig. 3 Immunohistochemical assessment of the surgical specimen.
a. Photomicrograph of colon with necrotizing colitis and perforation
site. Hematoxylin-phloxine-safranin, x 20. b. Photomicrograph of
necrotizing colitis with submucosal pneumatosis intestinalis.
Hematoxylin-phloxine-safranin, x 100

hypotension requiring inotrope support, birth asphyxia,
intrauterine growth restriction, polycythemia, chorioam-
nionitis, exchange transfusion, umbilical lines, maternal
cocaine use and severe anemia [6]. Many of these risk fac-
tors not only relate to gut perfusion but can also be linked
to the final common pathway of inflammatory cascade acti-
vation that is present in both preterm and term NEC
pathophysiology. The only proven protective factor against
NEC is the use of human breast milk as it is postulated to
help maintain the appropriate balance of gut flora [12].
Clinical presentation of term and preterm NEC are
similar with a wide range in presenting symptoms from
subtle and non-specific to life threatening [6]. There are
two case reports of term NEC presenting with bloody
stool, one case additionally presented with mild abdom-
inal distension and the other with an increased respira-
tory rate with no other abnormalities noted on exam,
making the diagnosis of NEC in this population challen-
ging [13, 14]. Onset of NEC symptoms differs between
the term and preterm cohorts. Preterm infants present
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on average from day 13-20, while term infants present
earlier on average from day 5-9 [1, 6]. The caveat sub-
group are term infants with a cardiac lesion awaiting
surgery, as they mimic the natural history and presenta-
tion of the preterm cohort [1]. An additional difference
between preterm and term NEC cases includes location
of the disease, severity and overall outcome. The small
intestine is more commonly affected in preterm infants
while the colon is the more frequent location in term in-
fants [8, 11, 15]. The trend is the greater the gestational
age the more distal the site of intestinal involvement
[15]. Broadly, the preterm infants with NEC have more se-
vere disease when compared with term neonates [1]. Term
neonates were less likely to require surgical intervention
and subsequently less likely to develop NEC totalis or
strictures. The survival rate for term infants with NEC Bell
stage I (suspected diagnosis) is 85 and 75% for Bell stage 11
(definitive diagnosis) or greater [1, 6]. Overall, the severity
and outcomes of term NEC are more favourable when
compared to their preterm counterparts.

While perforation is less prevalent in term versus preterm
NEC, it is a known complication that has a significant im-
pact on survival. The overall incidence of gastrointestinal
perforation in the NICU is 0.6%. Perforations are more
common in the small intestine with transverse colon perfo-
rations being exceedingly rare [16, 17]. In the preterm
population, the most frequent cause of gastrointestinal per-
foration is NEC [18]. The most common causes of colonic
perforation include NEC, meconium ileus and Hirsch-
sprung’s disease [17]. The overall prognosis depends on the
underlying pathology, any concurrent medical issues, gesta-
tional age and birth weight [18]. Gastrointestinal perfora-
tions have a high mortality rate ranging from 40 to 70%
[18]. This is a life-threatening condition that requires im-
mediate recognition and intervention.

In reviewing this case under the lens of term NEC
with intestinal perforation there are numerous novel as-
pects where this case contravenes previously reported
cases in the literature including clinical presentation,
term NEC risk factors and the location of the lesion.

In this case the infant presented with bloody stools on
the second day of life. In the reported literature the aver-
age onset of symptoms for term NEC is day 5-9 days,
making this a very early presentation. A more common
diagnosis is Cow’s milk protein allergy (CMPA) as
bloody stools are the hallmark clinical feature in non-
IgE mediated CMPA reactions [19]. The average CMPA
symptom onset in term infants is at 3.5 days and 23 days
in premature infants [19]. Additionally, case reports of
preterm infants have reported extremes in the onset of
early symptoms well before the average onset, thus it is
likely possible in the term neonate as well [20]. However,
as this case unfolded it became markedly less likely that
CMPA was responsible for the large colonic perforation
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as this is not a known complication of CMPA. In this
case the infant did receive commercial formula three
times, however given the extent of the perforation and
the timeline, we postulate that the event had to have oc-
curred earlier and was subsequently exacerbated by the
introduction of formula feeds. It is plausible that the
perforation was present leading to an ileus and the intro-
duction of any milk - human or cow’s milk- may have
exacerbated the local inflammatory reaction of the intes-
tinal mucosa, intensifying the damage.

When examining this case for any potential NEC risk
factors, several known risk factors can be excluded in-
cluding cardiac lesions, gastroschisis and sepsis. During
the surgical repair the bowel vasculature was inspected
with no evident abnormalities of the watershed areas
ruling out vascular malformation as a cause. The only
other potential risk factor was the development of ma-
ternal hypertension and preeclampsia in the last month
of pregnancy. Unfortunately, the placenta was discarded
by the referring hospital and unavailable for further test-
ing. Duci et al. looked at maternal and placental risk fac-
tors for NEC. From their analysis preeclampsia was not
an independent risk factor, but indirectly involved in
effecting growth restriction which places the neonate at
higher risk for NEC [21]. In this case the infant was not
growth restricted, so it is unlikely that the maternal pre-
eclampsia was the inciting event.

Lastly the location of the intestinal perforation was the
transverse colon. Typically, a term infant would see in-
volvement of the distal colon to the rectum, again, mak-
ing this case unique as involved a unique distribution of
the proximal and transverse colon.

This case demonstrates a unique early presentation of
NEC in a term neonate with an initial isolated episode of
rectal bleeding in an otherwise healthy child. While ini-
tially thought to be secondary to a benign process, rapid
and prudent workup revealed the true aetiology of colonic
perforation secondary to NEC on day of life two. NEC in
the term neonate accounts for 10-20% of all NEC and
while not as common, it merits consideration when a term
neonate presents with bloody stools. Term NEC presents
at an average of 5-9 days of life. Atypical early presenta-
tions warrant transfer to a tertiary centre facility for a
thorough workup so that the rare but ominous possibil-
ities such as advanced NEC and intestinal perforation can
be ruled out. Fortunately, in this case the potentially life-
threatening aetiology was determined in a timely manner
without further complication to the neonate.

Abbreviations
NEC: Necrotizing enterocolitis; NICU: Neonatal intensive care unit;
CMPA: Cow's milk protein allergy

Acknowledgements
We thank Dr. Genevieve Michaud, FRCPC Pediatrician, for contributing
background case information and her involvement in patient care.



Hudson et al. Maternal Health, Neonatology, and Perinatology

Authors’ contributions

JH - Major contributor to writing manuscript, literature review. SB — Provided
surgical descriptions, pictures and literature review. EN — Pathological
analysis of specimen, pictures and descriptions. EF — Supervisor, coordinator,
editor, literature review. The author(s) read and approved the final
manuscript.

Authors’ information
Not Applicable.

Funding
The author(s) received no financial support for the research, authorship, and/
or publication of this article.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent to publish was obtained from a parent for the
participant who was under 16 years old.

Competing interests
The author(s) declared no potential conflicts of interest with respect to the
research, authorship, and/or publication of this article.

Author details

'Department of Pediatrics, Division of Neonatology, University of Ottawa,
Children’s Hospital of Eastern Ontario, Ottawa, Ontario, Canada. 2Departmem
of Pediatric General Surgery, University of Ottawa, Children’s Hospital of
Eastern Ontario, Ottawa, Ontario, Canada. *Department of Pathology,
University of Ottawa, Children's Hospital of Eastern Ontario, Ottawa, Ontario,
Canada.

Received: 21 October 2020 Accepted: 15 December 2020
Published online: 07 January 2021

References

1. Overman RE, Criss CN, Gadepalli SK. Necrotizing enterocolitis in term
neonates: a different disease process? J Pediatr Surg [internet]. 2019;54(6):
1143-6 Available from: https://doi.org/10.1016/} jpedsurg.2019.02.046.

2. Sdona E, Papamichail D, Panagiotopoulos T, Lagiou P, Malamitsi-Puchner A.
Cluster of late preterm and term neonates with necrotizing enterocolitis
symptomatology: descriptive and case-control study. J Matern Neonatal
Med. 2016;29(20):3329-34.

3. Frost BL, Modi BP, Jaksic T, Caplan MS. New medical and surgical insights into
neonatal necrotizing enterocolitis a review. JAMA Pediatr. 2017;171(1):83-8.

4. Andrews DA, Sawin RS, Ledbetter DJ, Schaller RT, Hatch El. Necrotizing
enterocolitis in term neonates. Am J Surg. 1990;159:507-9.

5. Ostlie DJ, Spilde TL, St Peter SD, Sexton N, Miller KA, Sharp RJ, et al. Necrotizing
enterocolitis in full-term infants. J Pediatr Surg. 2003;38(7):1039-42.

6. Wertheimer F, Arcinue R, Niklas V. Necrotizing Enterocolitis: enhancing
awareness for the general practitioner. Pediatr Rev. 2019;40(10):517-27.

7. Nakib G, Sajwani S, Abusalah Z, Abdallah A, Ibrahim N, Fattah A, et al.
Recurrent supraventricular tachycardia and necrotizing enterocolitis: A
causative role or a simple association? A case report and literature review.
Pediatr Rep. Page Press Publications. 2018;10:46-8.

8. Bubberman JM, van Zoonen A, Bruggink JLM, van der Heide M, Berger RMF,
Bos AF, et al. Necrotizing Enterocolitis associated with congenital heart
disease: a different entity? J Pediatr Surg. 2019;54(9):1755-60.

9. Frost BL, Modi BP, Jaksic T, Caplan MS. New Medical and surgical insights
into neonatal necrotizing enterocolitis a review. JAMA Pediatr. American
Medical Association. 2017;171:83-8.

10.  LuQ, Cheng S, Zhou M, Yu J. Risk factors for necrotizing Enterocolitis in neonates:

a retrospective case-control study. Pediatr Neonatol. 2017,58(2):165-70.

11. Abbo O, Harper L, Michel J-L, Ramful D, Breden A, Sauvat F. Necrotizing
Enterocolitis in full term neonates: is there always an underlying cause?
[internet]. J Neonatal Surg. 2013;2 MED-Pub Publishers. Available from:
http://www.elmedpub.com.

(2021) 7:4

Page 6 of 6

12. Nolan LS, Parks OB, Good M. A Review of the Immunomodulating
Components of Maternal Breast Milk and Protection Against Necrotizing
Enterocolitis. Nutrients. 2019;12(1):1-14.

13. Gill D. Necrotizing enterocolitis in a 16-day-old, term neonate. Emerg Med
Australas. 2011;23(4):507-9.

14.  Bray-Aschenbrenner A, Feldenberg LR, Kirby A, Fitzpatrick CM, Josephsen JB.
Case History WitH subspeCialty input Bloody Stools in a 3-Day-Old Term
Infant. Pediatr Int. 2017:140(3):20170073 Available from: www.
aappublications.org/news.

15. Feldens L, Souza JCK d, Fraga JC. There is an association between disease
location and gestational age at birth in newborns submitted to surgery due
to necrotizing enterocolitis. J Pediatr (Rio J) [Internet]. 2018;94(3):320-4
Available from: http://dx.doi.org/10.1016/jjped.2017.06.010.

16. Sarac F, Ataojlu E, Tatar C, Hatipojlu HU, Abbasojlu L. Neonatal colonic
perforation. Turkish J Surg. 2015;31(1):44-6.

17. Dey N, Sharma L, Sharma B, Chandra KS, Singh KG, Meitei AJ. Idiopathic
neonatal colonic perforation- a case report. Indian J Surg. 2011;73(3):214-6.

18. Sarac M, Bakal U, Aydin M, Tartar T, Orman A, Taskin E, et al. Neonatal
gastrointestinal perforations: the 10-year experience of a reference hospital.
Indian J Surg. 2017;79(5):431-6.

19.  Brill H. Approach to milk protein allergy in infants. Can Fam Physician. 2008;
54(9):1258-64.

20. Ferretti E, Pilon S, Boland M, El Demellawy D. Early onset allergic Proctitis in
a preterm neonate—a case report and review of the literature. Pediatr Dev
Pathol. 2019;22(2):152-6.

21. Duci M, Frigo AC, Visentin S, Verlato G, Gamba P, Fascetti-Leon F. Maternal
and placental risk factors associated with the development of necrotizing
enterocolitis (NEC) and its severity. J Pediatr Surg [internet]. 2019;54(10):
2099-102 Available from: https://doi.org/10.1016/jjpedsurg.2019.04.018.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www.elmedpub.com
http://www.aappublications.org/news
http://www.aappublications.org/news
https://doi.org/10.1016/j.jpedsurg.2019.04.018

	Abstract
	Background
	Case presentation
	Conclusion

	Introduction
	Case description
	Discussion and literature review
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

