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ABSTRACT

Objective: To evaluate and compare the outcome of
newborns with definite (Bells stage 11) and advanced
(Bells stage I11) necrotizing enterocolitis (NEC) and to
assess the role of primary peritoneal drainage.

Methods: This study was conducted in the Department
of Pediatric Surgery, Maternity and Children’s Hospital,
Dammam, Kingdom of Saudi Arabia. Medical records of
all cases diagnosed with NEC or suspected NEC between
May 1993 and June 2003 were reviewed retrospectively.
A total of 67 cases mesting the criteriafor Modified Bells
stage Il and 11l disease were selected for the study.
Twenty-five (37%) cases were treated medically and 42
(63%) needed surgical intervention, namely primary
peritoneal drainage (PPD) with or without salvage
laparotomy (SL) (n=25), or primary laparotomy (PL)
(n=17). Dataregarding patient demographics, neonatal
history, clinical presentation, laboratory and radiological
features, operative findings, complications and mortality
were collected and compared between the medical and
surgical group and between the 2 surgical groups.

Results: The overal mortality was 37%, 8% in the
medical group versus 55% in the surgically treated group.
The PPD group had the highest mortality (72%) versus
29% in the PL group. In the PPD group, 14 (56%)

needed SL and only 3 (12%) survived without
laparotomy. The mean gestational age and birthweight
were 32.1 weeks and 1713 gms in the PPD group as
compared to 35.7 weeks and 2484 gms in the PL group.
The PPD group were more critically sick than the PL
group. The average length of time from onset to
laparotomy was longer, 6.6 days in the PPD group versus
2.2 days inthe PL group. In the 31 cases undergoing
laparotomy, the terminal ileum was involved most
frequently followed by the cecum and right colon. The
PPD + SL group had a higher mortality in isolated,
multifocal, and pan involvement of bowel when
compared to the PL group. All babieswith only isolated
involvement in the PL group survived.

Conclusion: The surgical mortality of NEC in our
hospital is very high due to advanced disease. The PPD
group in our study fared badly, as it comprised a poor
risk group with ongoing sepsis, with the bias being in
favor of PPD as these babies were unfit to undergo major
surgery. Early SL after PPD in those showing signs of
persistent disease may improve the outcome in this

group.
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A saresult of increased survival of premature and
extremely low birthweight babies secondary to
technical advancements, neonatal necrotizing
enterocolitis (NEC) has emerged as the most
common gastrointestinal emergency in the neonatal
intensive care unit (NICU).! The mortality rate of
surgically treated babies with NEC, however,

remains high and can vary depending on gestational
age, birth weight, comorbid conditions and extent of
disease. Approximately 90% of neonates developing
NEC are premature’ and the classical surgical
management of perforated NEC is laparotomy with
resection of affected bowel.2 However, many of
these babies with low birth weight and associated
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comorbid conditions are unfit for major surgery.
Since Ein et al® described peritoneal drainage as a
temporizing procedure in 19772 it has become
popular as the initial surgical intervention
particularly in high-risk severely compromised
babies. Several reports have even advocated PPD as
a definitive procedure.*’ Debate however,
continues whether PPD or primary laparotomy (PL)
is superior. At our ingtitution, PPD is used for
premature, small or critically sick babies and PL for
babies fit for major surgery under genera
anesthesia. Over the years, we noticed a much
higher rate of mortality in the PPD group even after
salvage laparotomy (SL), and since NEC continues
to be one of the most frequent conditions requiring
surgical intervention, we designed this retrospective
study to evaluate the outcome of neonates with
confirmed NEC treated in our hospital over the last
10 years and to study the reasons for the poor
outcome in those treated with PPD with or without
SL as compared to those treated medically or with
primary laparotomy.

Methods. A retrospective review of the medical
records of all neonates with a diagnosis of NEC or
suspected NEC treated at Maternity and Children’s
Hospital, Dammam, Kingdom of Saudi Arabia over
aperiod of 10 years from May 1993 to June 2003
was carried out. Only 67 cases met the criteria of
Modified Bells Stage Il and 1lIl NEC.# Data
collected included gestational age, birth weight,
gender, Apgar scores a one and 5 minutes,
respiratory or circulatory collapse at birth requiring
support, associated cardiac or non-cardiac comorbid
conditions, umbilical vessel (umbilical artery or
umbilical vein) cannulation, feeding history, clinical
signs and symptoms, age at onset and at |aparctomy,
laboratory and radiological parameters, management
modalities, operative findings, histopathological
reports, complications, and outcome (death or
discharge from the hospital). The medica
management consisted of broad spectrum
antibiotics, withholding of feeds, gastrointestinal
decompression with a nasogastric tube, intravenous
fluids, observation for progress of abdominal signs,
monitoring blood gases, complete blood count,
blood urea and electrolytes, and instituting
ventilatory or circulatory support as required. Serial
abdominal radiographs in the supine and lateral
decubitus positions were obtained in all cases.
Definite indications for surgical intervention
included pneumoperitoneum, persistent abdominal
wall erythema, abdominal mass or fixed bowel
loops on serial abdominal radiographs, with signs of
persistent sepsis or clinical deterioration. In very
low birth weight babies or full term critically sick
babies, PPD at the bedside was the initial surgical
intervention. In good weight, low risk babies with
pneumoperitoneum or progressive abdominal signs,

in spite of adequate medical treatment, a primary
laparotomy (PL) was undertaken. A SL in the PPD
group was carried out in those with progressive
disease and relatively fit to undergo major surgery.
Some of our babies however, died before this could
be carried out. The medically treated group was
compared with the surgical group and in the surgical
group the PPD group was compared with the PL
group, with regard to patient demographics and
neonatal history, (Table 1), clinical and laboratory
features (Table 2) and, radiological parameters.
Significant  thrombocytopenia was  arbitrarily
defined as at least 3 consecutive platelet counts
<100,000/cu. mm, and significant neutropenia as
consecutive white blood cell counts <4000/cu mm.
In 31 neonates who underwent laparotomy, the
extent of bowe involvement was correlated with
mortality in the SL and PL groups (Table3). The
extent of bowel involvement is classified according
to the criteria adopted by Fasoli et al® as, “1solated’
NEC, defined as a single or a short segment of
intestine with gross evidence of full thickness
necrosis or perforation. “Multifocal” NEC, defined
as 2 or multiple segments of intestine involved in
NEC, which appears to be full thickness necrosis
and “Panintestinal” is the involvement of majority
of smal and large bowel. A final comparison
between the SL group and the PL group in terms of
mean birth weight and gestational age, mean age at
onset of NEC, mean number of days from onset to
laparotomy, associated cardiac and non-cardiac
comorbid conditions and mortality is shown in
Table 4 for further comprehension of the differences
between these groups.

Results. A tota of 67 neonates made up the
study group, 42 (63%) of them underwent surgical
intervention and 25 (37%) were treated medically.
Only 2 babies (8%) died in the medically treated
group. Amongst the surgically treated group, 25 had
PPD, and 17 had PL. The total surgical mortality
was 55%. In the PPD group 14 (56%) did not
improve and had SL and 8 (32%) died without
laparotomy. In the PL group, only 5 (29%) died
when compared to 72% in the PPD group. On
comparing the demographics and neonatal history
between the medical and surgical group (Table 1),
mean birth weight and gestational age are more or
less similar with slightly lower apgar scores at one
and 5 minutes in the surgically treated group, which
had a 21% rate of circulatory collapse at birth when
compared to only 4% in the medically treated group.
The medically treated group had a higher rate of
associated non-cardiac comorbid conditions (72%)
versus 52% in the surgically treated group.
Umbilical vessel cannulation and feeding history
did not show much variation between these 2
groups. On comparing the same variables (Table 1),
between the PPD and PL groups, the mean
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gestational age was 32.1 weeks (24-40 weeks) in the
PPD group versus 35.7 weeks (28-40 weeks) in the
PL group and the mean birth weight was 1713
(800-3850 gms) in PPD group versus 2484gms,
(800-4100 gms) in the PL group. Apgar scores were
marginaly lower in the PPD group, which had a
higher incidence of respiratory and circulatory
collapse at birth namely 48% and 28% versus 24%
and 12%, in the PL group. The PPD group had a
much higher rate of associated non-cardiac
comorbid conditions (68%), than the PL group
(29%). The PPD group had 56% incidence of
umbilical vessel cannulation when compared to only
12% in the PL group. Inthe PPD group, 20% were
unfed when compared to only 6% in the PL group.
Comparison of the clinical features (Table 2),
showed that the surgically treated group had more
advanced disease with 88% meeting parameters for
Bell stage 111, while 100% of the medically treated
babies were classified as Bell stage Il. The

Table 1 - Patient demographics and neonatal history in the study groups.

surgically treated babies had much higher incidence
of signs of peritonitis namely abdominal wall
erythema was 71% and abdominal mass 21% versus
12% and 0% in the medically treated group. The
surgically treated babies were also more criticaly ill
with 71% and 67% incidence of respiratory and
circulatory collapse when compared to only 28%
and 8% in the medically treated group. The
surgically treated group also had a much higher
frequency of significant thrombocytopenia and
persistent metabolic acidosis, 71% and 67% versus
36% and 16% in the medically treated group.
Candida sepsis was 21% in the surgically treated
group versus 8% in the medically treated group.
Sixty percent babies in the surgically treated group
had a positive blood cultures for gram negative
bacteria when compared to 44% in the medica
group. The same variables (Table 2) were compared
across the 2 surgical groups and a noticeably higher

Patient demographics Medical group Surgical group PPD group PL group
(N=25) (N=42) (N=25) (N=17)
Gestational age (weeks)
Range 27-40 24 -40 24.- 40 28-40
Mean 334 33.6 321 35.7
Birth weight (gms)
Range 700 - 3700 800 - 4100 800-3850 800-4100
Mean 1951 1942 1713 2484
Apgar score at 1 minute
Range 1-9 1-10 1-9 1-10
Mean 6.3 59 54 8.2
Apgar score at 5 minutes
Range 5-10 1-10 5-10 1-10
Mean 85 79 75 82
Resp. collapse at birth (%) 11 (44) 17 (40) 12 (48) 4 (24)
Circulatory collapse at birth (%) 1 4 9 (21 7 (28) 2 (12
Associated significant cardiac 10 (40) 17 (40) 11 (44) 6 (35)
comorbid anomaliesat birth (%)
Associated significant non cardiac 18 (72) 22 (52) 17 (68) 5 (29)
comorbid conditions (%)
Umbilical vessel cannulation (%) 10 (40) 16 (38) 14 (56) 2 (12
Feeding history
Fed (%) 22 (88) 36 (86) 20 (80) 16 (94)
Not fed (%) 3(12) 6 (14) 5 (20) 1 (6)
Gender
Males (%) 11 (44) 22 (52) 12 (48) 10 (59)
Females (%) 14 (56) 20 (48) 13 (52) 7 (41)
Maleto femaleratio 1:13 1:09 111 1:0.6
PPD - primary peritoneal drainage, PL - primary laparotomy, Resp. - respiratory
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Table 2 - Clinica featuresin the study groups.

Clinical features Medical group Surgical group PPD group PL group
(N=25) (N=42) (N=25) (N=17)

Age at onset (days)

Range 2-50 2-45 2-45 3-31

Mean 10.2 10.8 14.1 6.2
Lethargy (%) 24 (96) 25 (60) 16 (64) 8 (47)
Vomiting or NGT aspirates (%) 23 (92 36 (86) 20 (80) 16 (94)
Abdominal distension (%) 23 (92) 42 (100) 25 (100) 17 (100)
Abdominal wall erythema (%) 3 (12) 30 (71 18 (72 12 (71)
Abdominal mass (%) NIL - 9 (21 7 (28) 2 (12
Bloody stools (%) 11 (44) 16 (39) 9 (36) 7 (4)
Respiratory collapse (during acute episode) (%) 7 (28) 30 (71 21 (84 9 (53)
Circulatory collapse (during acute episode) (%) 2 (8) 28 (67) 18 (72) 10 (59)
Bells' stage (%)

1] 25  (100) 5 (12) 5 (20) 1 (6

" - 37 (89 20 (80) 16 (94)
Significant metabolic acidosis (%) 4 (26) 28 (67) 17 (68) 11 (65)
Significant thrombocytopenia (%) 9 (36) 30 (7)) 21 (84 9 (53)
Significance neutropenia (%) 9 (36) 20 (40) 14 (58) 5 (29
Sepsis

Positive blood culture (%) 11 (44) 25 (60) 15 (60) 10 (59)

Positive Candida sepsis (%) 2 (8) 9 (21 7 (28) 2 (12

PPD - primary peritoneal drainage, PL - primary laparotomy, NGT - nasogastric

Table 3 - Extent of disease and outcome in 31 operated cases.

Extent of disease PL PPD + SL Mortality
(N=17) (N=14) PL group PPD + SL group
n (%) n (%) n (%) n (%)
Isolated NEC (full-thickness necrosis of one 3 (18) 5 (36) 0/3 - 2/5 (40)
areaonly)
Multifocal NEC (2 or more segments of 11 (65) 7 (50) 3/11 27) 6/7 (86)
intestine with full thickness necrosis)
Pan - intestinal (majority of small and large 3 (18) 2 (19 2/3 (67) 2/2 (100)
bowel involved)
PPD - primary peritoneal drainage, PL - primary laparotomy, NEC - necrotizing enterocolitis
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Table 4 - Primary peritoneal drainage and salvage laparotomy versus primary laparotomy.

Parameters

PPD +SL PL
N=14 N= 17

Mean birth weight (gms)

Mean gestational age (weeks)

Mean age of onset of NEC (days)

Days from onset to mean age of laparotomy

Associated significant non-cardiac comorbid conditions (%)
Associated significant cardiac anomalies (%)

Mortality age (%)

1788 gm (850 - 3850) 2434 (800 - 4100)
32.2 (24 - 40 weeks) 35.7(28- 40)
13 days (2 —26 days) 6.2(3-31)
6.6 days (3—12days) 22(1-5)
9 (64) 5 (29)
7 (50) 6 (35)
10 (71) 5 (29)

PPD - primary peritoneal drainage, SL - salvage laparotomy, PL - primary |aparotomy

percentage of |ethargy, abdominal mass, respiratory
and circulatory collapse, significant
thrombocytopenia, significant neutropenia and
Candidal septicemia, was noticed in the PPD group
than in the PL group. Assessment of the
radiological parameters across the 4 study groups
showed that 96% of medically managed babies had
pneumatosis intestinalis versus only 48% in the
surgical neonates. Fixed dilated loops (38%) and
portal vein air (PVA) (19%) were much higher in
the surgically treated group when compared to
medically treated group (Fixed dilated loops [16%]
and PV A [8%]). The surgically treated group had a
57% incidence of pneumoperitoneum, an entity
obviously absent in the medically treated group.
Twelve percent of babiesin the surgically treated
group showed a gasless abdomen as compared to
none in the medically treated group. When the
radiological parameters were assessed between the
PPD and PL groups, a higher percentage of the PPD
babies had pneumatosis (69%) and gasless abdomen
(16%), than the PL group, which had 16%
pneumatosis and 6% gasless abdomen. However,
the PL babies had 76% incidence of
pneumoperitoneum when compared to only 44% in
the PPD group. The PPD group with or without SL,
had a very high incidence of septic shock (61%) and
mortality (72%) when compared to the PL group
(29%) (both septic shock and mortality). The
incidence of stomal complications, intestina
strictures, intestinal obstruction, wound infection,
and short bowel syndrome, was more or less the
sameinthe PPD + SL and PL groups. In Table3,
we assessed the outcome in relation to the extent of
bowel involvement in the PPD + SL group versus
the PL group, and found that in all 3 types of bowel
involvement, the PPD + SL group had a much
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higher mortality than the PL group. In fact, in the
PL group, none of the babies with isolated NEC
died. In all the 31 patients undergoing laparotomy,
the terminal ileum was the most common site of
NEC (58%), followed by the cecum and right colon
(26%). In order to study why the primary
laparotomy group fared so much better than the SL
group, in our study, we compared both these groups
according to parameters shown in Table 4. It is
clear that the PPD + SL group had a much lower
mean birth weight and gestational age, as well asa
much higher incidence of associated non-cardiac
comorbid conditions, and a moderately higher rate
of associated cardiac anomalies than the PL group.
The mean number of days from onset of NEC to
laparotomy is also higher (mean 6.6 days, range,
3-12 days) in the PPD + SL group when compared
to the PL group (mean 2.2 days, rangel-5 days).

Discussion. Neonata necrotizing enterocolitis
is currently the most catastrophic gastrointestinal
surgical  emergency in  neonates. Medica
management is usually successful in those whose
ischemic injury has not progressed to full thickness
necrosis and perforation. Approximately 50% of
babies with NEC will develop advanced disease,
which requires surgical intervention.’ It is reported
that athough there has been a progressive
improvement in the survival of babies with NEC
due to earlier diagnosis and advanced neonatal care,
the mortality in babies <1000gm is, however, still
very hight  In infants who require surgical
intervention the mortality rate has decreased from
70% to nearly 50%.'2%3 In our study, although the
total surgical mortality was 55%, in the PL group it
was only 29%. The high mortality was mainly in the
PPD group where it was 72%. This can be attributed
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to several factors including low birth weight and
gestational age, high rate of associated non-cardiac
and cardiac comorbid disease, hemodynamic and
respiratory instability, persistent metabolic acidosis
and significant thrombocytopenia. A platelet count
of <100,000/ cu.mm or arapid fall in platelet count
represents a poor prognosis even though it will not
predict alone the survival rate or extent of disease.’
Dykeset a5 found that the platelet count, blood pH
level and associated congenital defects were of
proghostic statistical  significance in predicting
outcome. Candida sepsis was the highest (28%) in
the PPD group and has been recognized as a
contributing factor to mortality.’67  Out of 11
babies with Candida sepsis in our patients, 7 (64%)
died. Since positive candidal cultures are a late
finding, a high index of suspicion, and tests other
than blood cultures should be carried out so that
aggressive antifungal therapy can be started early or
empirically.’” Radiologica features in our study
have confirmed that pneumatosisis the hall mark of
the diagnosis of NEC in the initial medica
management phase. Kliegman and Janaroff found
a19-98% rate of pneumatosisin babies with NEC
and noticed that it may be absent in up to 14% of
those with advanced NEC. Extensive pneumatosis
may be present with minimal signs and show a good
response to medical therapy?® as compared to our
experience. Fifty-seven percent of our surgical
babies had pneumoperitoneum, which was the
highest in the PL group (76%) and probably enabled
in easy decision making towards laparotomy in this
group. In contrast, the PPD group had a higher rate
of gasless abdomen than the PL group. A recent
study from Saudi Arabia? showed gasless abdomen
on x-rays to be an indicator of perforation in sick
babies with NEC. In our study, PVA was seen in
8% of the medically treated group and 19% of the
surgically treated group. None of the medicaly
treated babies with PV A died whereas 7 out of 8 in
those undergoing surgery died. Kosloskez found
PVA to be the best indicator of gangrene. Portal
vein air occurs in 10-30% of infants with NEC#
and has been found to be a poor prognostic sign
especially in low birth weight babies, and those with
hemodynamic instability.? Fixed dilated loops on
serial radiographs were present in 16 (38%) of
surgically treated and only 4 (16%) of medically
treated babies, and in combination with other signs
they may be a good indicator for laparotomy. We
tried to correlate the extent of disease with
mortality, and discovered that in our PL group there
were no deaths in those with isolated NEC, with
considerably lower mortality even in those with
multifocal and pan involvement when compared to
the PPD + SL group (Table 3). This can again be
attributed to the adverse risk factors, as mentioned
earlier in the PPD group. In a recent study by
Chardot et a,> the intestina lesions in babies
<1000gm and NEC were not more severe, though

the prognosis of surgical NEC was worse in this
group. In the PPD group, the high mortaity
correlates with the high rate of septic shock,
respiratory and hemodynamic instability. In this
group, 7 out of 25 babies (28%) were <1000gm and
all died. Ricketts and Jerles® noticed a significant
reduction in survival in babies <1000gm with
surgical NEC. Other complications such as stomal
retraction, stenosis, wound infection, strictures and
short bowel syndrome were more or less similar in
the PPD+SL and the PL groups. None of our
medically treated babies developed strictures even
though this is a well described phenomenon.z2
Operated babiesin our series showed a stricture rate
of 23%, which is consistent with the quoted rate of
9-36%.% Similarly, short bowel syndrome
manifested in 13% of our postoperative patients. It
is well known that 23% of survivors of surgical
NEC may develop short bowel syndrome® In
NEC, the most frequently affected site is the
terminal ileum, which was the case in our series.®
In fact, Faschling et al® noticed a higher mortality
rate when the ileum was involved. Diffuse disease
or panintestinal involvement was present in 5 (16%)
of our operated cases and 80% of these died. A
study by Joao et a2 showed that diffuse
involvement in NEC is the most independent
predictor of mortality.22 In the PPD group, the
mortality was very high when compared to the PL
group in our series. IsPL abetter option? Thereis
no consensus regarding this, but as a temporary
measure, PPD is well accepted. Rovin et a7 stated
that premature infants with intestinal perforation
may improve following PPD and in those with NEC
clinical stabilization and recovery of the involved
bowel may occur before laparotomy. However,
Camberos et al® in arecent study of 35 neonates
<1500 gms found in that though the survival rates of
PPD and PL were comparable; |laparotomy allows
accurate assessment of the extent of disease,
non-viable bowel is removed, recovery is hastened
and it is possible for the surgeon to advise parents
and make informed decisions. According to them,
laparotomy after PPD may be “technically difficult
due to scarification and adhesions and this may
prolong recuperative phase”. Dimmit et al* found
similar survival rates with PPD or PL but 4 babies
with PPD needed SL and all died. They concluded
that SL in their small number of patients did not
appear beneficial and advised continued medical
and supportive management rather than laparotomy.
In ameta-analysis of 10 previously reported studies
of PPD versus PL, Moss et al» found increased
survival rate for PL (62.3%) versus PPD (35.6%).
However, they felt that by statistical methodsit is
not possible to overcome the bias in assignment of
patients as it is expected to have a much higher
mortality in the PPD group. In our study, PPD had a
survival of 28% when compared to 35.6 % in this
meta-analysis and the PL group had a survival of
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71% when compared to 65.3% in the meta-analysis.
We agree with the these authors about the biasin
the treatment assignment as the PPD group is
criticaly ill and with many adverse risk factors
mentioned earlier and therefore considered unfit for
laparotomy. The babies who survived after PPD
only probably had isolated perforations and those
who did not may have had gangrene and extensive
bowel involvement.

In conclusion, we feel that PPD should be the
initial stabilizing measurein all low birth weight,
critically ill babies with perforated NEC but
laparotomy should be planned early in those
showing signs of ongoing disease, before severe
septic shock and coagul opathy prevent any further
surgical intervention and this policy may improve
the outcome in this group. Larger, fitter babies
definitely  benefit from PL. Prospective,
randomized trials would be more helpful in
confirming this observation.
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