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Objectives: Although necrotizing enterocolitis (NEC) is pri-
marily a disease of prematurity, full-term infants account for
approximately 10% of cases. Previous studies have reported
conflicting results regarding NEC in full-term (FT) versus
preterm (PT) infants. A review of all infants diagnosed with
NEC at our institution over the past 3 decades was performed
to identify factors associated with this disease in full-term
neonates.

Methods: The charts of all infants with definitive NEC from
January 1, 1972 through January 1, 2001 were reviewed.
Two hundred seventy-seven patients made up the study
group: 251 PT and 26 FT infants. Data regarding demograph-
ics, clinical presentation, management, outcome, and other
variables were collected. FT and PT infants were compared.

Results: Mean gestational age and birth weight in the FT
group were 39.3 weeks and 3,132 g versus 30.2 weeks and
1,396 g for PT infants. Apgar scores were similar. Mean age
at diagnosis was 5 days in FT versus 13 days in PT neonates
(P < .001). Enteral nutrition was initiated earlier in FT infants
(1.6 days v 3.1 days; P < .001), and FT infants were dis-
charged an average of 14 days earlier than PT infants (P

value not significant). Factors predisposing to NEC were
found in 62% (16 of 26) of patients— heart disease in 6 infants
and other conditions in 10 patients. Cardiac disease was
found significantly more often (23% v 10%; P = .027) in FT
infants. Survival rate was 65% (17 of 26) in the FT group
versus 69% (173 of 251) in the PT infants (P value not
significant).

Conclusions: FT infants with NEC differ from their PT coun-
terparts in several distinct ways. FT neonates had NEC at a
significantly earlier age, perhaps owing to earlier initiation of
feeding. There was a correlation between age at which feed-
ing was begun and age of onset of NEC. Additionally, an
association between cardiac disease and development of
NEC in term infants was shown. Predisposing factors were
present in a majority of FT infants. In contrast to other
reports, the outcome of NEC in full-term infants was no
better than for PT infants.
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infants may be initiated or potentiated via different peri-
natal factors. The purpose of this study was to review our
experience with full-term NEC infants and compare
these infants with premature NEC babies.
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Table 1. Demographic Data for FT and PT Infants With NEC

Parameter All Patients  FT Infants  PT Infants P Value
No. 277 26 251
Apgar 1 min 5.6 6.4 5.6 .147
Apgar 5 min 7.4 7.9 7.3 179
Gestational age (wk) 31.1 39.3 30.2 <.05
Birth weight (g) 1551 3102 1396 <.05
RESULTS

Two hundred seventy-seven patients made up the
study group: 251 preterm and 26 term infants. There was
no gender predilection. Demographic data are provided
in Table 1.

Apgar scores at one and five minutes were 6.4 and 7.9
inthe FT group and 5.6 and 7.3 in the PT group (P value
not significant). Gestational age and birth weight differed
by definition. PT infants had a mean estimated gesta-
tional age (EGA) of 30 weeks. Mean hirth weight was
1396 g for PT and 3102 g for FT infants.

Clinical parameters are shown in Table 2. Age at first
feeding was lower for the FT infants (1.8 v 3.5 days, P <
.001). Age at initial feeding and age at onset of NEC
were significantly correlated (P < .001, Fig 1). The
average age at diagnosis was 4.9 days in the PT group
compared with 13.0 days in FT (P < .001). Length of
hospitalization was dightly shorter for FT infants (P
value not significant). Length of stay (LOS) was corre-
lated with EGA (P < .001, Fig 2).

One hundred twenty-seven (46%) patients underwent
laparotomy. There was no difference in the need for
operation; 40% of FT and 47% of PT infants required a
surgical procedure. There was no difference in the age of
infants at operation (12.7 v 12.6 days). Twenty-two of
117 preterm infants were treated with NICU drainage,
whereas no FT infants underwent drainage (P value not
significant).

Congenital heart disease (CHD) was found in 30
infants in the entire study group (11%). Isolated patent
foramen ovale/patent ductus arteriosus were considered
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Table 2. Clinical Parameters Evaluated in FT and PT Infants

With NEC
Parameter All Patients  FT Infants PT Infants P Value
Age at diagnosis (d) 12.3 4.9 13 .001
Age first fed (d) 3.3 1.8 3.5 .001
Operation 127 (46%) 10 (38%) 117 (47%) 527
NICU drainage 22 (8%) 0 22 (9%) .225
Length of stay (d) 43.5 30.9 44.8 112
Survived 191 17 174 .891

transition fetal physiology and excluded. There were
significantly more FT infants (6 of 26; 23% v 24 of 251,
10%) with cardiac disease (P = .027). Type of cardiac
disease and associated survival rate are shown in Table 3.
The presence of CHD was not associated with increased
mortality rate in either the study group as awhole or the
term infant subgroup.

Predisposing factors were lacking in 10 (38%) of our
26 FT NEC infants. There were 10 FT patients with
various noncardiac illness predisposing to NEC (Table
4). However, mortality rate in these infants was only
10%.

Overall survival rate did not differ between the groups
(65% v 69% for FT and PT, respectively). To determine
if improved care resulted in significant survival differ-
ences between groups, survival rates were compared
over shorter time intervals. Figure 3 shows the survival
rate for al infants, as well as the PT and FT groups, for
each of the 3 decades. No significant differences were
found.

DISCUSSION

Necrotizing enterocolitis is primarily a disease of
prematurity, occurring infrequently (10% to 15%) in
full-term infants.68 The etiology of NEC is multifacto-
rial. Previous reports suggest that the development of
NEC in FT infants differs from preterm infantst3 and
that NEC might not be expected to occur in FT infantsin
the absence of other disease or predisposing factors
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Fig 2. Gestational age versus
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inverse correlation with longer stays
for the more premature infants.

(asphyxia, metabolic abnormalities, or other major
anomalies). However, no such factors were found in 60%
of FT NEC infants in one report.1® A preponderance of
reports have found FT NEC to be almost uniformly
associated with some predisposing condition.31.6115 The
identification of FT patients at a higher risk of NEC
would aid in earlier clinica recognition and perhaps
suggest possibilities for preventing NEC.

Heart disease occurred more often in our FT infants
(one fourth). CHD has been reported to be associated
with NEC development in infants of all gestational
ages.3? Precisely how CHD predisposes to NEC is not
known. However, the ability to allocate regional blood
flow after feeding without vital systemic compromise
may be impaired in newborns with cardiac disease,
diminishing postprandial intestinal blood flow as oxygen
delivery is maintained to the vital organs.’? It has been
suggested that a common feature in many congenital
heart lesions associated with NEC is the combination of
a widened pulse pressure and low diastolic pressures.®
Another potential etiology is the therapy used for the
CHD—arteria lines, cardiac catheterization, and vaso-
active medications. Transient low-flow states may also
play arole but are difficult to document in aretrospective
analysis. Although heart disease in PT and FT infants
should predispose to NEC by a similar mechanism, the
lower incidence of heart disease seen in preterm infants

Table 3. Description of Type of Congenital Heart Disease in the Six
FT Infants With NEC

Patient

No. CHD, Description Other Factors Survival
1 Congenital heart block  Metabolic acidosis No

2 ASD/VSD None Yes
3 AV Canal Down’s syndrome Yes
4 Pulmonary atresia, VSD None No

5 VSD/mitral and tricuspid Polycythemia, exchange No

insufficiency Transfusion
6 Tetralogy of Fallot Prostacyclin drip Yes

100 150
LOS (length of stay in days)

200 250

may be statistical dilution because the preterm cohort
also has other physiologic abnormalities resulting in
NEC not seen in FT infants (eg, immaturity of the gastro-
intestinal, immune, and respiratory systems). Other inves-
tigators have noted an increased incidence of congenital
anomalies and, specificaly, CHD in FT infants with NEC,
in the absence of any other recognized predisposing fac-
tors133714 We did not identify other maor congenital
anomalies in association with NEC in our FT infants.

Enteral feeding was initiated earlier in the FT infants.
PT infants frequently have other medical problems pre-
cluding early feeding. A direct relationship was seen
between initiation of feedings and the occurrence of
NEC. Thisisillustrated in Fig 1. NEC developed in the
FT group significantly earlier in our series. Previous
studies have noted also earlier onset of NEC in FT
infants.157.16-18,19 Andrews et al© reviewed NEC in 10
FT infants and found onset of disease in the first 2 days
of lifein half of their patients. NEC even began on the
first day of life in several infants in one report.’6 Mean
age at diagnosis in our FT infants was slightly less than
5 days. This early onset may be related to earlier enteral
nutrition and rapid progression of feedings, a known
precipitant of NEC.

Table 4. Ten FT Infants had Other Predisposing Factors in the
Absence of Congenital Heart Disease

Patient No. Predisposing Factor Survival
1 Nuchal cord, hypoglycemia Yes
2 Sepsis, IUGR Yes
3 IUGR, severe Yes
4 Hypercoaguable state Yes
5 Gastroschisis Yes
6 Seizures, poor perfusion Yes
7 Hypoglycemia Yes
8 Sepsis No
9 Sepsis Yes

10 Congenital herpes, metabolic acidosis Yes

Abbreviation: IUGR, intrauterine growth retardation.
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Asmight be expected, LOS correlated with EGA, as seen
in Fig 2. LOS was prolonged in the PT group, generaly
because of other medical issues, rather than specifically
related to the management of NEC. Nevertheless, the dif-
ference did not reach dtatistical significance.

Some investigators have reported improved outcomes
for NEC in FT infants.61019 |n contrast, other studies
have reported comparable mortality for FT and PT in-
fants with NEC.716 This may reflect the presence of
associated cardiac disease or other predisposing factors
rather than comparable severity of NEC. Mortality rate
was not statistically different for our FT infants (35% v
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Fig 3. Bar chart shows the survival
rate of all infants, preterm infants,
and full-term infants over the 3 de-
cades studied. No statistically signifi-
cant differences exist.

31%, FT v PT, respectively). We attempted to delineate
the mortality rate by analyzing the FT cohort; perhaps
mortality was influenced by the presence of CHD. There
were 9 FT nonsurvivors, CHD was present in 3 and
absent in the other 6 (P value not significant). Ten infants
had noncardiac predisposing factors (Table 4)—90%
survived, indicating that these variables did not exert a
negative impact on survival rate of the FT NEC patients.
Similarly, the presence of CHD did not exert a statisti-
caly significant influence on mortality rate in the PT
cohort. Obviously, the overall number of FT nonsurvi-
vors is small, and conclusions therefore are limited.

REFERENCES

1. Martinez-Tallo E, Claure N, Bancaari E: Necrotizing enteroco-
litis in full-term or near-term infants: Risk factors. Biol Neonate
71:292-298, 1997

2. Rodin AE, Nichols MM, Hsu FL: Necrotizing enterocolitis oc-
curring in full-term neonates at birth. Arch Pathol 96:335-338, 1973

3. Bolisetty S, Lui K, Oei J, et a: A regiona study of underlying
congenital diseases in term neonates with necrotizing enterocolitis.
Acta Paediatr 89:1226-1230, 2000

4. Bolisetty S, Lui K: Necrotizing enterocolitis in full-term neo-
nates. J Paediatr Child Health 37:413-414, 2001

5. Costello S, Hellmann J, Lui K: Myelomeningocele: A risk factor
for necrotizing enterocolitis in term infants. J Pediatr 113:1041-1044,
1988

6. Wiswell TE, Robertson CF, Jones TA, et al: Necrotizing entero-
colitis in full-term infants. A case-control study. Am J Dis Child
142:532-535, 1988

7. Polin RA, Pollack PF, Barlow B, et a: Necrotizing enterocolitis
in term infants. J Pediatr 89:460-462, 1976

8. Kliegman RM, Hack M, Jones P, et a: Epidemiologic study of
necrotizing enterocolitis among low-birth-weight infants. Absence of
identifiable risk factors. J Pediatr 100:440-444, 1982

9. McElhinney DB, Hedrick HL, Bush DM, et a: Necrotizing
enterocolitisin neonates with congenital heart disease: Risk factors and
outcomes. Pediatrics 106:1080-1087, 2000

10. Andrews DA, Sawin RS, Ledbetter DJ, et a: Necrotizing en-
terocolitis in term neonates. Am J Surg 159:507-509, 1990

11. Roig JC, Burchfield DJ: Term neonates with hemolytic disease
of the newborn and necrotizing enterocolitis: A report of two cases. J
Perinatol 14:201-203, 1994

12. Coombs RC, Morgan ME, Durbin GM, et a: Abnormal gut
blood flow velocities in neonates at risk of necrotising enterocolitis.
J Pediatr Gastroenterol Nutr 15:13-19, 1992

13. Fatica C, Gordon S, Mossad E, et a: A cluster of necrotizing
enterocolitisin term infants undergoing open heart surgery. Am JInfect
Control 28:130-132, 2000

14. Hasegawa T, Yoshioka Y, Sasaki T, et a: Necrotizing entero-
colitis in a term infant with coarctation of the aorta complex. Pediatr
Surg Int 12:57-58, 1997

15. Wilson R, del Portillo M, Schmidt E, et a: Risk factors for
necrotizing enterocolitis in infants weighing more than 2,000 grams at
birth: A case-control study. Pediatrics 71:19-22, 1983

16. Thilo EH, Lazarte RA, Hernandez JA: Necrotizing enterocolitis
in the first 24 hours of life. Pediatrics 73:476-480, 1984

17. Kosloske AM, Ulrich JA: A bacteriologic basis for the clinical
presentations of necrotizing enterocolitis. J Pediatr Surg 15:558-564,
1980

18. Snyder CL, Gittes GK, Murphy JP, et a: Surviva after necro-
tizing enterocolitis in infants weighing less than 1,000 g: 25 years
experience at a single institution. J Pediatr Surg 32:434-437, 1997

19. Ruangtrakool R, Laohapensang M, Sathornkich C, et a: Necro-
tizing enterocolitiss A comparison between full-term and pre-term
neonates. J Med Assoc Thai 84:323-331, 2001



	Necrotizing Enterocolitis in Full-Term Infants
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES


