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LITERATURE REVIEW

Neonatal Necrotizing Enterocolitis

by

H. TJANDRA

(Depariment of Child Hdalth, Medical School University of
Sam Ratulangi, Manado) :

Abstract

Neonatal Necrotizing Enterocolitis (NEC) is a highly lethal disease of the
newborn infant, which has aroused great interest in the past decades. It is cha-
racterized by ischemic necrosis of the infestinal wall, frequently lgading to per-
foration and death. Unlike most neonatal emergencies, it is acquired and can be
successfully treated without operation in most cases.

The etiology is still obscure and is considered to be multifactorial. Intesti-
nal ischemia, infections, cow’s milk, and hyperosmolar feeding are among the
important factors associated with the pathogenesis of NEC in the newborn
Many other factors are also related to the occurrence of this disease but some
 of them are still controversial.,

The general opinion is that requiring a background of mucosal ischemia
and damage; the presence of both intestinal bacteria and enferic feedings appear
o be of significant etiologic factors.

The important patholcgic lesion is the mucosal damage and necrosis invol-

ving mostly the ileum and colon except the duodenum. Perforations usually oc-
cur in the ileocecal region where the intestinal wall is extremely thin.
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Necrotizing enterocolitis in the newborn mostly affects the low-birih-weight
infants, although its occurrence in full-terms has also been reported. Clinically,
it is characterized by abdominal distension, hemato chezia, and preumatosis
intestinalis. Abdominal roentgenography is by far the most specific and sensitive
test for confirming the diagnosis. In the attempt to make an early diagnosis it
was suggested that an increased concentration of fecal reducing substances using
the Clinitest method has an obvious merii in the defeciion of clinical manifesta-
tions in “at risk” babies.

In spite of a belter treatment and management, the mortalily remains con-
siderably high. An early and aggressive therapy which demands an acute awa-
reness of the significant symptom complexes, particularly m prematures, is of
utmost important if the mortality is going to be improved. Medical treatment is
the method of choice which includes nasogastric suction, intravenous fluid the-
rapy, and systemic antibiotic for at least a 10-day period. With the improvement
of medioal treatment and management, there seems to be less and less patients
requiring surgical intervention.

Many trials have been conducted in the prevention of either intestinal per-
foration or of the incidence of Neonatal Necrotizing Enterocolitis. All these await
ongoing studles since definite conclusion still cannot be obtained.

, Due to the relatively high incidence of low-birth-weight infants in deve-
loping countries, the possibility of Necrotizing Enterocolitis in the neonatal
emergency cases has to be always taken in account,
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Introduction

Neonatal Necrotizing Enterocolitis
(NEC) is a highly lethal disease of the
gastrointestinal tract in the newborn,
primarily in low-birth-weight infant,
and is characterized by ischemic necro-
sis of the bowel wall frequently leading
to perforation and death (Mizrahi et al,,
1965; Touloukian et al.,, 1967). I was
Generisch (1891) who first reported on
this entity, followed by Thelander in
1939 and Agesty et al. in 1943. Not
until 1964 and 1965 was this clinical
entity repornted comprehensively by Ber-
don et al. and Mizrahi et al. respective-
ly from the Babies Hospital, New York,
followed by a significant surgical expe-
rience recorded for the first time by
Touloukian et al. from the same insti-
tution in 1967.

This paper tries to present a brief re-
view on this highly lethal yet salvage-
able disease of the newborn infant.

Etiology and pathogenesis

The etiology of Necrotizing Enteroco-
litis (NEC) in newborn infanis is incom-
pletely understood (Hakanson and Oh,
1977; Hutter et al., 1976), but that the
etiology is multifactorial is obvious, On-
ly low-birth-weight infants are mostly
affected (Frantz et al., 1975), although
its occurrence in full-terms has also been
reponted (Polin et al,, 1976). Neonatal
asphyxia is frequently suggested as a
prime factor in the etiology of NEC
(Hakanson and Oh, 1977). Many others
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have been hypothesized as possible fac-
tors of which some of them are still
controversial.

Intestinal ischemia (Book et al,, 1975),
infections (Mizrahi et al.,, 1965), cow’s
milk (Barlow et al., 1974), hyperosmo-
lar feedings (Book et al., 1975), and
several other factors are considered to
have a close relationship with the pa-
thogenesis of NEC in newborns.

There are 3 essential components for
the development of the disease (Santulli
et al.,, 1975): injury to the intestinal
mucosa, presence of bacteria, and the
aveilability of a metabolic substrate, i.e.
feedings (Engel et al., 1973; Franiz et
al.,, 1974; Polin et al.,;1976). Direct in-
jury to the mucosa may be related to
hyperosmolar feedings by alternating in-
testinal perfusion (Book et al., 1975).
Indirect injury to the mucosa results
from selective circulatory ischemia. This
is the most acceptable theory of patho-
genesis which is based on “the master
switch of life” (Scholander, 1963), and
which occurs as a physiologic and pro-
tective mechanism in diving mammals
and birds. This was emphasized by
Lloyd (1969) as an important efiology
of gastrointestinal perforations of the
newborn infant. The high incidence of
infection found in NEC has been re-
ported by many authors which is mos-
tly caused by gram-negative microorga-
nisms such as, Salmonella (Sfein et al.,
1972), Klebsiella (Hill et al., -974), and
E. coli (Speet et al., 1976). These im-
plicate enteric bacteria in the pathoge-
nesis of the disease. The exclusion of
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breast milk and substituting it with
cow’s milk have also been considered
as important factors (Batlow et al,,
1974). Macrophages in the breast milk
have been assumed to be a protective
cbmponent against NEC (Pitt et al.,
1974). Barlow et al,, (1974) were of the
opinion that large amount of SIgA, IgG,
active lymphocyte and specific antibodi-
es in breast milk play a protective role.
Mizrahi et al., (1965) pointed out that
lysozyme deficiency of cow’s milk for-
mulas is responsible for the developmeni
of NEC in prematures fed cow’s milk.
A single case of the disease asssociated
with milk intolerance has been reported
(Aziz, 1973). Recenily Powell (1976)
also described in detail 2 infants wirh
a syndrome indistinguishable clinically
from NEC and provided carefully a do-
cumented evidence of an association
between their illness and intolerance to
whole protein (milk and soy) in ithe
neonatal period. Due to the small num-
ber of cases, Book et al., (1976a) were
unable to conclude whether a rapid-
feeding rate played a role in the deve-
lopment of NEC.
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Exchange transfusion remains a con-
troversial factor in its relation to NEC
(Corkery et al,, 1968; Frantz et al,
1975; Roback et al,, 1974). So is ihe
relationship between low Apgar score,
umbilical catheter, and the occurrence
of NEC (Bell et al., 1971; Dudgeon et
al., 1973; Hopkins et al,, 1970). Two
vascular components which are possibly
associated with the development of NEC
in small preterm infants are Patent Duc-
tus Arteriosus (Kitterman, 1975) and
hyperviscosity (Leake et al.,, 1975).

Other faciors which once had also
been suggested were, Schwartzman-iype
reaction (Hermam, 1965) and immuno-
logic immaturity (Roback et al., 1974)
etc.

Summarizing ~these, Frantz et. al,
(1975) siated that perhaps requiring a
background of mwucosal ischemia, the
combined presence of intestinal bacteria
and enteric feedings appeared io be of
etiologic significance in the development
of NEC. Below is a schematic diagram
illustrating the possible pathogenesis of
NEC (Adapted from Book et al., 1975):

DEVELOPMENT OF "NECROTIZING
ENTEROCOLITIS
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Pathology

Early pathologic lesion is the mucosal
damage and necrosis (Hopkins et al.,
1970), involving all parts of the alimen-
tary tract of which most common sites
are the ileum and colon (Bell et al.,
1971; Berdon et al,, 1964; Santulli et
al.,, 1967).

- The diseased intestine is dilated and

hemorrhagic, gray or necrotic (Dudge-
on et al., 1973; Touloukian, 1976). The
affected mucosa is covered by a pseu-
domembrane consisting of agglutinated
inflamatory cells, fibrin, and necrotic
epithelium (Berdon et al, 1964; Tou-
loukian et al.,, 1967). There is a normal
distribution of ganglion cells throughout
the intestines (Berdon et al., 1964; Tou-
loukian et al, 1967). Intramural gas
(pneumatosis) in the form of gaseous
strips or bubbles are present both sub-
mucosal and subserosal (Bell et al,
1973; Hopkins et al., 1970; Stevenson
et al., 1971). The affected tissue is so
friable that it may brick of and separa-
te with handling (Stevenson et al.,
1971). No evidence of vasculitis is seen
(Bell et al, 1971; Stevenson et al.,
1971). Primary microscopic findings are
variable, ranging from submucosal he-
morrhage, edema, and ulceration to vas-
cular engorgement and thrombosis. Per-
forations are usually seen in the ileoce-
cal region where the intestinal wall is
extremely thin (Touloukian, 1976). The
pathologic lesion is found either in pre-
mature babies or term infants (Polin et
al.,, 1976).
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Clinical manifestations

The incidence of this clinical entity
ranges from 0.3 to 8% in various neo-
natal intensive care units (Bell et al.,
1971; Dudgeon et al., 1973; Roback et
al., 1974; Touloukian, 1976). The onset
of the clinical signs and symptoms is
mostly beiween the end and 7th day of
life with a mean of day 4 to day 5
(Hopkins et al., 1970; Mizrahi et al,,
1965; Touloukian et al,, 1967). "At
risk” babies are those associated with
low-binth-weight (< 2000 gm) and ges-
tational age of 34 weeks or less, and
they will have other life threatening
conditions such as Hyaline Membrane
Disease, Congenital Heart Disease, sep-
sis (Roback et al.,, 1974), apneic spells,
cyanosis (Santulli et al., 1975) and so
on.

Clinically this is characterized by
temperature instability, lethargy, irrita-
bility, prolonged gastric emptying, ap-
nea, abdominal distension, ileus, follo-
wed by bile-stained non-projectile eme-
sis and bloodstreaked stools (Berdon et
al,, 1964; Denes et al., 1970; Tan et al,,
1972; Vollman et al., 1976).

The clinical diagnosis is confirmed by
X-ray examination in over 98% of the
cases (Stevenson et al.,, 1971). Abdomi-
nal roentgenography is by far the most
specific and sensitive test for the pre-
sence of this condition (Bell et al,,
1971). This was, however, denied by
Richmand and Mikity (1975) who sta-
ted that radiographic appearance of
NEC is nonspecific and may be seen in
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other entities in the neonatal period
which produces bowel necrosis, such as
mesenteric arterial or venous occlusion
or intestinal volvulus.

In order of decreasing frequency the
radiographic features include : a. intesti-
nal distension, b. intramural gas or
pneumatosis intestinalis, ¢. free air in
the peritoneum (pneumoperitoneum)
and d. hepatic portal venous gas (San-
tulli et al.,, 1975; Touloukian et al,,
1967).

* Intestinal distension in the form of
multiple, dilated loops of small bowel is
most common, and although it may pre-
cedes pneumatosis intestinalis, it is not
as specific or diagnostic sign (Santulli
et al,, 1975; Stevenson et al., 1971;
Touloukian et al., 1967). Pneumaiosis
intestinalis is considered as the most
common, frequent, and conspicuous ra-
diographic finding (Hopkins et al,
1970; Stevenson et al.,, 1971) although
not specific (Robinson et al., 1974),
confirms the diagnosis of NEC (Voll-
man et al., 1976). Only it must be no-
ted that there is no correlation between
the extent of pmeumatosis and the cli-
nical severity or ouicome of the disease
(Bell et al., 1971; Frantz et al, 1975;
Roback et al.,, 1974). Pneumatosis coli
without small bowel pneumatosis has
generally a far beticr response to medi-
cal management (Leonidas and Hall,
1976). Pneumoperitoneum varies from
a smal volume seen only in the erect
film to massive amounts of free air pro-
ducing the "football sign’” with stit-
ching of the football”, represented by
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the falciform ligament outlined by air
on either side of it (Berdon et al., 1964;
Santulli et al., 1975). It is a late finding
(Stevenson et al., 1971) and an indicati-
on for operation (Touloukian, 1976).
Hepatic portal venous gas, a portal flow
towards the liver which causes the gas
to be seen as fine arborizing channels
within the liver distributed well out to
the periphery was first noted by Wolfe
and Evans in 1955.

This is also a late finding (Stevenson et
al, 1971), and is an ominous sign in
infants with NEC, often associated with
overwhelming septicemia and poor prog-
nosis (Tan et al, 1972; Touloukian et
al.,, 1967; Vollman et al., 1976); yet its
presence is not always an indication of
surgical intervention (Richmond and
Mikity, 1975; Vollman et al., 1976).

In their study of 64 newborn infants
with NEC, Polin et al., (1976) were of
the opinion that even pathologically no
difference exists beiween term infants
and prematures; clinically it is some-
what different. In term infants no
asphyxia at birth is found, in con-
trast to the prematures who are as-
phyxiated. Protracted diarrhea occurs
exclusively in mature infants. Thrombo-
cytopenia and leukopenia occur much
more commonly in the premature in-
fants, whereas leukocytosis occurs more
frequently in term infants, The classic
radiologic features are encountered less
frequently in term infants than in pre-
mature ones.

Hutter et al., (1976), investigating 40
infants with severe NEC, concluded
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that a low absolute granulocyte count is
associated with a poor prognosis.
Thrombocytopenia occurs commonly in
babies with NEC (Touloukian, 1976)
and is considered a significant problem
in severe NEC, but may occur with or
without evidence of fulminant intravas-
cular coagulation (Hutter et al., 1976).

Diagnosis

The diagnosis of NEC may be made
on the basis of symptoms in the first
few days of life. Usually an infant of
low-birth-weight, who has been doing
well and taking feedings, begins to vo-
mit or exhibits delayed emptying of
the stomach (Mizrahi et al., 1965), This
will be followed by abdominal distensi-
on, bloody stool, and pneumatosis intes-
tinalis, These are usually seen only in
fulminant diseases with extensive bowel
necrosis (Bock et al., 1976a). If untre-
ated, the infant deteriorates rapidly
showing signs of sepsis, DIC and death
(Touloukian, 1976). Early recognition is,
therefore, vitally important if the outco-
me is going to be improved. Stevenson
et al., (1971) strongly recommended ab-
dominal radiographs for any infant who
shows evidence of either a generalized
systemic disease as manifested by tempe-
rature instability, increased apneic epi-
sodes, irritability or lethargy, or whose
abdominal findings are distension, dela-
yed gastric emptying, or blood in the
stools. In the attempt to make an early
diagnosis, Herbst (1975) showed that an
increase in the concentration of reducing
substances in the stool of a premature
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formula-fed baby, using the clinitest
method, actually precedes the clinic-
ally recognizable signs of acute NEC.
Using the same method, Book et al.,
(1976b) suggested that any formula-fed
premature infants, demonsirating higher
than 2-plus fecal reducing substances,
deserve careful observation for signs and
symptoms of NEC or other serious in-
testinal  disorders. This test, routinely
used in all at risk” babies, has obvi-
ous merit in the detection and preven-
tion of the clinical manifesiations of
NEC (Touloukian, 1976). Radiogra-
phic examination of the abdomen is
then of utmost importance in establi-
shing the diagnosis by identifying the
most frequent, common, and conspicu-
ous signs such as abdominal distension,
pneumatosis intestinalis, hepatic portal
venous gas, or pneumoperitoneum. '

Only a few disease of the newborn
infants mimics this condition, e.g. meco-
nium ileus, intestinal stenosis, meconi-
um plug syndrome, and Hirschprung’s
disease. These should be differentiated
radiographically from the earliest signs
of NEC which is a nonspecific intesii-
nal dilatation. A careful history taking.
physical examination, and a correct in-
terpretation of the radiographic pictures
are important in arriving at proper diag-
nosis.

Prognosls

Although the prognosis of NEC is
serious once the disease is established,
appears that the survival rate will be
significantly improved by the institution
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of early and aggressive therapy (Santul-
li et al., 1975). This demands an acute
awareness of the significance of the
symptom complex, particularly in the
premature infants. In spite of improve-
meni, the mortality remains considerab-
ly high, viz 30% -70% (Behrman,
1973; Frantz et al,, 1975). Early reco-
gnition and prompt treatment are essen-
iial for survival.

Treatment

The medical ireatment includes conti-
auous nasogastric suction or decompres-
sion, intravenous fluid therapy, sysiemic
antibiotics, close attention io their acid-
base and electrolyie balance, frequent
‘physical examination, and roentgenolo-
gic studies every 4-6 hours to detect
the presence of pneumoperitoneum
(Frantz et al, 1975; Santulli et al,
1975; Touloukian, 1976). Enteric fee-
ding is entirely discontinued. Intraveno-
us alimentation has to be given until 10
days before oral feeding can be reinsti-
tuted. This is due to the fact that rein-
stitution of oral feeding prior to 10 days
usually will lead to reappearance of cli-
nical and radiographic signs of NEC
(Frantz et al,, 1975; Touloukian, 1976).
This might be explained by the obser-
vations of Joshi et al., (1973) thai epi-
thelialization occurred as early as 3 days
after the onset of NEC, but the forma-
tion of granulation tissue and fibroplas-
tic proliferation were seen within an 8
or 9 day period.

The indications for surgical interven-
tion are: intestinal perforation indicated
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by pneumoperiioneum, metabolic acido-
sis, and/or shock and DIC (Frantz et
al,,1975), peritonitis, intestinal obstructi-
on, and respiratory insufficiency (Dud-
geon ¢t al., 1973; Saniulli- et al,, 1975).
Hepatic portal venous gas, which was
once considered an omincus roentgeno-
graphic sign and regarded as an indica-
tion for surgery, has been successfully
treated medically by Vollman et al.,
(1976). Touloukian (1976) also stated
that while previously thought to be a
terminal finding it has been survived
following aggressive medical treatment.
It seems that a vigorous and continuous
medical treaiment and management for
at least 10 days is necessary in NEC
and can possibly minimize the iisk of
surgical procedures.

Operative survival equals and occas-
ionally exceeds that of purely medical
treatment (Touloukian, 1976). In his
series, Touloukian (1976) at Yale-New
Haven Hospital from July 1973 to Oc-
tober 1975, had a survival rate of 40%
(4 out of 10) medically, and 50% (5
out of 10) surgically. The operative sur-
vival taken from more recent reports is
even better; Wayne et al., (1975) had
a 70% (21 out of 30) survival rate of
their operative patients. This, according
to Touloukian (1976), is a reflection of
a better preoperaiive preparation, earli-
er recognition of irreversible signs, and
the supportive post-operative care, inclu-
ding the use of parenteral nutrition.
Frantz et al., (1975), however, in their
series found 7 out of 16 (44%) of the
medically and 12 out of 38 (31%) of




NECROTIZING ENTEROCOLITIS

the surgically managed patients who had
survived. Noiwithstanding the differen-
ce of the results of treatment, either sur-
gically or medically, for the dime being,
a close cooperation of both the Surgical
and Pediatric departments for us is a
condition sine qua non in lowering the
mortality rate of NEC.

Prevention

Low molecular weight dextran has
proven effective in the prevention of in-
testinal perforation of babies with NEC.
In the initial report by Krasna et al.,
(1973), 4 out of 8 babies receiving the
dextran treatment did not require oper-
ation, while all of the patients not rece-
iving dextran did. Another effort in the
prevention of bowel perforation in
NEC has been done by Bell et al,
(1973) by adding topical antibiotics
through nasogastric tube besides the
routine treatment. None of the 14 babi-
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es developed free intestinal perforation
in this trial. Encouraged by this, Egan
et al, (1976) conducted a prospective
trial of alimentary Kanamycin (15 mg/
kg.b.w./day) in very low-birth-weight in-
fants to determine if prophylactic the-
rapy would lower the incidence of the
disease. They concluded that Kanamycin
did lower the incidence of NEC, but
doubted that it would absolutely pre-
vent it. This has been negatively com-
mented by Nelson (1976). The use of
breast milk in this case still awaits re-
sults of ongoing studies (Touloukian,
1976). Further investigations on this
aspect is justified.
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