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Objective: Purposes of this study were: 1) to compare mortality and
postoperative morbidities (intra-abdominal abscess, wound dehis-
cence, and intestinal stricture) in extremely low birth weight
(ELBW) infants who underwent initial laparotomy or drainage for
necrotizing enterocolitis (NEC) or isolated intestinal perforation
(IP); 2) to determine the ability to distinguish NEC from IP preop-
eratively and the importance of this distinction on outcome mea-
sures; and 3) to evaluate the association between extent of intestinal
disease determined at operation and outcome measures.
Background: ELBW infants who undergo operation for NEC or IP
have a postoperative, in-hospital mortality rate of approximately
50%. Whether to perform laparotomy or drainage initially is con-
troversial. Also unknown is the importance of distinguishing NEC
from IP and the current ability to make this distinction based on
objective data available prior to operation.

Methods: A prospective, multicenter cohort study of 156 ELBW
infants at 16 neonatal intensive care units (NICU) within the NICHD
Neonatal Research Network.

From the University of Tennessee, Health Science Center, Memphis, Ten-
nessee.

Supported in part by the following grants: K23HD001473 (M.L.B.), UI0HD21373
(J.E.T.), K24RR17050 (K.P.L.), UI0HD27851 (B.J.S.), UI0OHD27880 (D.K.S.),
UO01HD36790 (W.K.P.), as well as UI0HD34216 (W. Carlo), UI0HD21397
(S. Duara), U10HD27853 (E. Donovan), UIOHD27871 (R. Ehrenkranz),
UI0HD21364 (A. Fanaroff), UI0HD40461 (N. Finer), UI0HD40492 (R. Gold-
berg), UIOHD40689 (A. Laptook), UIOHD27856 (J. Lemons), UI0HD27904
(W. Oh), UI0HD40498 (T.M. O’Shea), UI0HD40521 (D. Phelps), and
UI0HD21385 (S. Shankaran).

*NEC Subcommittee of NICHD Network: Martin L. Blakely, MD, Jon E.
Tyson, MD, MPH, Kevin P. Lally, MD, Barbara J. Stoll, MD, David K.
Stevenson, MD, W. Kenneth Poole, PhD, Alan H. Jobe, MD, Linda L.
Wright, MD, and Rosemary D. Higgins, MD.

Reprints: Martin L. Blakely, MD, University of Tennessee, Health Science
Center, 777 Washington Avenue, Suite P220, Memphis, TN 38105. E-mail:
mblakely@utmem.edu.

Copyright © 2005 by Lippincott Williams & Wilkins

ISSN: 0003-4932/05/24106-0984

DOI: 10.1097/01.s1a.0000164181.67862.7f

984

Results: Among the 156 enrolled infants, 80 underwent initial
peritoneal drainage and 76 initial laparotomy. Mortality rate was
49% (76 of 156). Ninety-six patients had a preoperative diagnosis of
NEC and 60 had presumed IP. There was a high level of agreement
between the presumed preoperative diagnosis and intraoperative
diagnosis in patients undergoing initial laparotomy (kappa = 0.85).
The relative risk for death with a preoperative diagnosis of NEC
(versus IP) was 1.4 (95% confidence interval, 0.99-2.1, P = 0.052).
The overall incidence of postoperative intestinal stricture was
10.3%, wound dehiscence 4.4%, and intra-abdominal abscess 5.8%,
and did not significantly differ between groups undergoing initial
laparotomy versus initial drainage.

Conclusions: Survival to hospital discharge after operation for NEC or
IP in ELBW neonates remains poor (51%). Patients with a preoperative
diagnosis of NEC have a relative risk for death of 1.4 compared with
those with a preoperative diagnosis of IP. A distinction can be made
preoperatively between NEC and IP based on abdominal radiographic
findings and the patient’s age at operation. Future randomized trials that
compare laparotomy versus drainage would likely benefit from strati-
fication of treatment assignment based on preoperative diagnosis.

(Ann Surg 2005;241: 984-994)

Extremely low birth-weight (ELBW), premature infants
who develop necrotizing enterocolitis (NEC) or isolated
intestinal perforation (IP) represent a group of patients with
extremely high morbidity and mortality. ELBW refers spe-
cifically to infants with birth weight <1000 g. Multiple case
series report the mortality of ELBW infants that undergo
operation for NEC to be approximately 50%.'~

There are several controversial aspects of the surgical
management of these infants. Most surgeons now believe that
the population of ELBW infants with intestinal perforation
(IP) is heterogeneous with some infants having true NEC and
others having a different and distinct pathology, termed
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isolated intestinal perforation (IP).°"® The ability to distin-
guish these 2 conditions preoperatively, based on perinatal
characteristics, physical examination findings, and findings
on abdominal plain film imaging, remains unknown. If these
2 entities can be distinguished preoperatively, the impact on
prognosis is also unclear. However, if a distinction could be
made, we may be better able to predict prognosis and to
develop different therapies for the 2 conditions.

It is not known whether initial laparotomy or peritoneal
drain placement is more effective. Despite the widespread use
of these 2 surgical options, there have been no prospective
studies to date addressing this question.”'°

This study was a prospective, multicenter observational
study. The purpose of this report is to describe surgical
outcomes (mortality, postoperative intestinal stricture, intra-
abdominal abscess formation, and wound dehiscence) in
ELBW infants with either NEC or IP who underwent initial
laparotomy or peritoneal drainage. We also evaluated the
ability to distinguish NEC and IP preoperatively and the
relevance of this distinction on outcome. Finally, an analysis
of the impact of extent of intestinal involvement with NEC on
outcome measures is reported.

METHODS
Study Design

This was a prospective cohort study conducted at 16
neonatal intensive care units that are associated with the NIH,
NICHD Neonatal Research Network. A major objective of
this study was to gather data needed to design a future
randomized trial comparing initial laparotomy versus drain-
age in ELBW infants with either NEC or IP. Results from this
study related to future trial design are being reported sepa-
rately.!' This report includes a planned analysis of major
clinical outcomes after either laparotomy or drainage, as well
as a detailed evaluation of the ability to distinguish NEC and
IP preoperatively. Formal institutional review board approval
at all participating institutions was obtained prior to enrolling
infants.

All ELBW infants born at participating Network
NICUs were screened by research coordinators for the pres-
ence of NEC or IP that was thought by the pediatric surgeon
and neonatologist to require surgical intervention. At this
point, infants were enrolled, and both the research coordina-
tors and the participating surgeons collected data prospec-
tively. Data collected included demographic variables, patient
characteristics at time of enrollment, and intraoperative find-
ings recorded by the surgeon. Postoperative data were col-
lected until time of death, discharge, or 120 days after birth.
Specific postoperative complications that were screened for
prospectively included intestinal stricture that was docu-
mented by contrast imaging, intra-abdominal abscess requir-
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ing drainage, and wound dehiscence documented by the
surgeon.

Sample Size and Enrollment Period

A predetermined sample size of 150 infants was se-
lected to provide adequate data to facilitate the design of a
future randomized trial and the estimated enrollment period
was 18 months. Between February 2001 and August 2002,
ELBW infants were screened and 156 infants were enrolled
and underwent at least one operation for NEC or IP.

Statistical Analysis

Univariate analyses were performed to assess baseline
differences between treatment groups (laparotomy and drain-
age) and diagnosis subgroups (NEC and IP), the relationship
of patient characteristics to outcome, the agreement between
preoperative and intraoperative diagnosis among patients
receiving laparotomy, and the impact of extent of disease
determined at operation on outcome. Mean values were
analyzed with ¢ tests, proportions with Fisher exact test, or x*
analyses, and correlations with the Cochran-Mantel-Haenzel
statistic and kappa coefficient. Multivariable logistic regres-
sion analyses were performed to evaluate variables known at
enrollment that would most accurately predict the intraoper-
ative diagnosis (NEC or IP). Survival to hospital discharge
was evaluated by Cox survival analysis, adjusting for poten-
tially influential covariates.

RESULTS

Overall Cohort

All 156 infants enrolled in the study were diagnosed
with either NEC (Bell’s stage III) or IP. The indications for
surgical intervention were: pneumoperitoneum (n = 99,
63.9%), clinical deterioration despite maximal medical ther-
apy (n = 101, 65.6%), portal vein air (n = 21, 13.8%),
infected ascites (n = 8, 5.2%), abdominal wall erythema (n =
43, 28.1%), and other factors (n = 41, 26.3%) [infants may
have multiple indications]. Perinatal, preoperative, and oper-
ative characteristics are shown in Table 1. Among the 80
infants undergoing initial drainage, 18 (23%) underwent a
subsequent laparotomy. The indication for subsequent lapa-
rotomy in these patients was further clinical deterioration
(n= 11, 61.1%), persistent pneumoperitoneum (n = 4,
22.2%), infected ascites (n = 2, 11.1%), abdominal wall
erythema (n = 3, 16.7%), and other reasons (n = 11, 61.1%).

NEC Versus IP

At the time of enrollment, all patients had a presump-
tive diagnosis (NEC or IP) recorded by the surgeon based on
physical examination, abdominal radiographic data, demo-
graphic information, and other factors. Ninety-six patients
had a preoperative diagnosis of NEC and 60 had a diagnosis
of IP. Patients diagnosed with NEC were more likely to have
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TABLE 1. Characteristics of Study Cohort
Mean (Range) or
Characteristics N (%)
Perinatal
Estimated gestational age (wk) 25.2 (22-31)

Birth weight (g) 729 (424-1000)

Preoperative
Vasopressor use [n (%)] 60 (39)
Conventional ventilation [n (%)]* 127 (85)
Oscillator ventilation (HFOV) [n (%)]* 22 (15)
Preoperative diagnosis: NEC [n (%)] 96 (62)
Preoperative diagnosis: IP [n (%)] 60 (38)
Operative
Age at operation (days) 19 (1-89)
Initial laparotomy [n (%)] 76 (49)
Initial drainage [n (%)] 80 (51)
Intraoperative diagnosis: NEC [n (%)]" 60 (79)
Intraoperative diagnosis: IP [n (%)] 16 (21)

*Percentage of 151 patients receiving mechanical ventilation at enroll-
ment.
TPercentage of 76 patients undergoing initial laparotomy.

initial laparotomy (58 of 96, 60%) and IP patients were more
likely to have initial drainage (42 of 60, 70%).

A comparison of characteristics at enrollment in infants
with a confirmed (intraoperative) diagnosis of NEC and IP is
shown in Table 2. NEC patients more commonly had pneu-
matosis and portal vein air on preoperative abdominal radio-
graphs, were older at time of initial operation, and less
commonly had pneumoperitoneum.

An intraoperative diagnosis was recorded for the 76
patients undergoing an initial laparotomy (this was not pos-

sible for patients undergoing initial drainage). Among the 58
patients with presumptive NEC who had initial laparotomy,
57 also had an intraoperative diagnosis of NEC; for the 18
presumptive IP infants, 15 had this diagnosis confirmed at
operation. Thus, 95% of cases were correctly classified,;
kappa statistic = 0.85. Because the same observer often made
the preoperative and intraoperative diagnoses, thus allowing
potential bias, multiple objective variables available preoper-
atively were examined in a multivariable logistic regression
to attempt to use a combination of patient characteristics to
achieve the same accuracy in distinguishing NEC from IP
preoperatively. The group of variables that most accurately
predicted the intraoperative diagnosis included pneumatosis,
age at operation, and gasless abdomen on preoperative radio-
graphs. The R-square value for this model was 0.53. Specif-
ically, positive pneumatosis and older age at operation pre-
dicted NEC. Variables that did not significantly predict the
intraoperative diagnosis included: pneumoperitoneum (Y/N),
blue abdomen on physical examination (Y/N), preoperative
indomethacin or postnatal steroid exposure, gestational age,
and birth weight.

There was not a significant survival difference in the
overall cohort between initial laparotomy and initial drain-
age."" Among patients with a preoperative diagnosis of NEC,
the relative risk (RR) for death (initial laparotomy versus
drainage) was 0.79 (95% confidence inverval [CI], 0.6—1.1).
For IP infants, the RR for death (laparotomy versus drainage)
was 0.49 (95% CI, 0.19-1.2). These relative risk figures are
not adjusted for differences between groups with regard to
characteristics other than initial treatment.

Mortality
The overall in-hospital mortality was 49% (76 of 156).
The median time to death was 8.5 days (range, 0249 days).

TABLE 2. Comparison of Characteristics at Enrollment in Infants With Intraoperative

Diagnosis of NEC Versus IP

Characteristic

Birth weight (g)

Gestational age (wk)

Age at operation (days)

Pneumatosis [n (%)]
Pneumoperitoneum [n (%)]

Gasless abdomen [n (%)]

“Blue” abdomen [n (%)]"

Portal vein air [n (%)]

Preoperative indomethacin use [n (%)]
Preoperative steroid use [n (%)]

NEC* P+ P
762 (485-997) 735 (555-980) 0.326
25.9 (23-31) 25.1 (23-28) 0.067
27.8 (1-68) 74 (2-23) <0.0001
34 (57.6) 1(6.3) 0.0002
27 (45.8) 13 (81.3) 0.022
2 (3.4) 3 (18.8) 0.0643
9 (15.5) 6 (37.5) 0.078
14 (24.1) 0 0.031
37 (63.8) 8 (50.0) 0.390
6 (10.0) 3(18.8) 0.387

*Diagnosis determined intraoperatively by surgeon observation.
"Bluish discoloration on physical examination at enrollment.
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The recorded causes of death were: NEC (45), respiratory
distress syndrome or other pulmonary pathology (13), infec-
tion (7), and other (11). Patient characteristics and their
association with the likelihood of death are shown in Table 3.
Significant poor prognostic factors include: decreasing birth
weight and gestational age, vasopressor use at time of enroll-
ment (preoperatively), and use of high-frequency oscillator
ventilation at time of enrollment. A preoperative diagnosis of
NEC was associated with a relative risk for death of 1.4 (95%
CI, 0.99-2.1, P = 0.052). The mortality rate in patients with
a preoperative diagnosis of NEC was 55.2% (53 of 96) versus
38.3% (23 of 60) among patients with a preoperative diag-
nosis of isolated perforation (P = 0.049, Fisher exact test).
Table 4 summarizes mortality data according to preoperative
diagnosis (NEC or IP) and also by initial treatment received
(laparotomy or drainage). The Cox-adjusted survival analysis
comparing survival in patients with a preoperative diagnosis
of NEC versus IP is shown in Figure 1. This survival analysis
was adjusted for treatment group (laparotomy versus drain-
age), level of ventilation (PIP > 30 mm Hg or HFOV versus
PIP = 30 mm Hg), vasopressor use versus none, FiO,
(continuous variable), pH = 7.28 versus >7.28, birthweight,
and age at operation (continuous). Only preoperative diagno-
sis was a significant predictor of survival (P = 0.0498).
The extent of disease was determined at operation for
patients undergoing initial laparotomy (n = 76) by measuring
the length of normal intestine, diseased bowel, and/or re-
sected bowel. These measurements were available for be-
tween 34% and 72% of patients, indicating the difficulty of
obtaining such measurements in critically ill neonates. The
mean length of normal small bowel was greater in survivors
(81 cm) compared with nonsurvivors (23 cm, P = 0.003).

TABLE 3. Association of Patient and Disease Characteristics
and Mortality

Relative Risk

Characteristic for Death 95% CI P

Birth weight (100 g)* 0.88 0.78-0.99 0.038

Gestational age’ 0.89 0.80-0.98 0.020

Vasopressor use at 1.6 1.2-2.2 0.003
enrollment: yes

HFOV at enrollment 1.7 1224 0.001

pH = 7.28* 1.1 0.79-1.5 0.563

Male gender 1.0 0.73-1.4 0.953

Preoperative diagnosis 1.4 0.99-2.1 0.052
NEC

Treatment group: 0.81 0.58-1.1 0.201
laparotomy

*Decreasing birth weight by 100-g increments.
Increasing gestational age by 1-week increments.
fpH 7.28 = median for overall cohort.

© 2005 Lippincott Williams & Wilkins

TABLE 4. Mortality Rates by Preoperative Diagnosis and
Treatment Group

Drain* Lap* Total

NECT 24/38 (63.2%)
Pt 19/42 (45.2%)
Total 43/80 (53.8%)

*Initial surgical treatment.
TPreoperative diagnosis.

29/58 (50.0%)
4/18 (22.2%)
33/76 (43.4%)

53/96 (55.2%)
23/60 (38.3%)
76/156 (48.7%)

Survival was 75% for infants with >80 cm normal bowel at
operation (n = 20), 46% in infants with 10 to 80 cm normal
bowel (n = 11), and 0% for 11 infants with <10 cm normal
bowel (P = 0.0001).

Morbidity

A comparison of the frequency of postoperative com-
plications in the initial drainage versus the initial laparotomy
subgroups is shown in Table 5. Although there was a trend
toward an increased incidence of wound dehiscence in the
laparotomy group compared with the initial drainage group,
this did not achieve statistical significance and the other
complications occurred equally in each group. Among the 80
patients undergoing initial drainage, 28 survived without a
subsequent laparotomy (35% of initial drain patients). In this
small subgroup of patients, the incidence of intra-abdominal
abscess was 7%, wound dehiscence 2%, and intestinal stric-
ture 7%.

DISCUSSION
The overall mortality of our study cohort of ELBW
infants with NEC or IP of 49% supports the catastrophic
nature of this illness and the fragility of these premature
neonates. Despite many advances in neonatal, anesthetic, and

25 50 75 100 125 150 175 200 225 250 275
——NEC——IP] Survival Time from Birth-Days

FIGURE 1. Cox-adjusted survival analysis for overall cohort:
preoperative diagnosis of NEC versus IP.
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TABLE 5. Comparison of Postoperative Complications
Between Initial Laparotomy and Initial Drainage Groups

Drain Laparotomy
X (N = 80) (N = 176)
Postoperative
Complications N % N % P
Intestinal stricture* 8 10.0 8 10.5 1.0
Wound dehiscence 1 1.3 6 7.9 0.06
Intraabdominal abscess’ 5 6.3 4 53 1.0

*Intestinal stricture documented by contrast imaging or operative explo-
ration.
TAbscess documented by abdominal ultrasound or operative exploration.

surgical care of these infants, the overall mortality rate for
those requiring surgery has not decreased over the past 30
years. This emphasizes the fact that, although appropriate
medical and surgical care is critical, the true advance in
outcomes will likely only occur with prevention of NEC
or IP.

Our data support the idea that NEC and IP can be
distinguished preoperatively in the majority of patients.
While our data point to a very high level of agreement
between the preoperative and intraoperative diagnoses (95%
correct classification), this was not a primary objective of the
study, and a cautious interpretation of these data is recom-
mended. We did not have independent blinded observers
making each diagnosis, thus allowing for bias. Also, there
was no attempt at formal central review of radiographic
findings (eg, pneumatosis, pneumoperitoneum, gasless abdo-
men), and there is known to be interobserver variability in the
radiologic diagnosis of NEC.'? The strength of the correla-
tion, however, does appear to indicate a reasonable ability
to distinguish NEC from IP preoperatively. Because of the
potential bias in the surgeon’s prerecorded presumptive di-
agnosis, a separate analysis of objective patient characteris-
tics that are available prior to operation was also performed.
This showed that the presence of pneumatosis on the preop-
erative abdominal radiograph and an increased age at opera-
tion predicted intraoperative NEC. Previously, radiographic
findings alone were shown to have limited ability to discrim-
inate NEC and IP.'* Other factors are likely important in
accurately distinguishing these 2 conditions, given the mod-
est predictive ability of the multivariable logistic model
(R = 0.53).

The preoperative distinction of NEC from IP did have
significant prognostic importance, with an increased likeli-
hood for death for patients diagnosed as having NEC. Our
data indicate that this is a clinically important distinction,
although statistically the difference was equivocal with P
values from multiple statistical tests (x°, Fisher exact test,
relative risk with 95% CI) being just above or below P =

988

0.05. Other patient characteristics associated with an in-
creased likelihood of death were lower gestational age, lower
birth weight, use of vasopressors at the time of enrollment
preoperatively, as well as use of high-frequency oscillator
ventilation (also at enrollment). Initial treatment (laparotomy
or drainage) was not a significant variable in predicting
mortality in this cohort of patients.

The ability to accurately distinguish NEC from IP is
likely important for several reasons. First, it is possible that
the most effective surgical therapy will differ in the 2 patient
subsets. Second, for future randomized trials comparing lap-
arotomy versus drainage, it is thought to be potentially
important to stratify randomized treatment assignments based
on the preoperative diagnosis, since these patients appear to
have different risks for death.

There is considerable attention to the controversy re-
garding laparotomy versus drainage, with 2 ongoing random-
ized trials evaluating this question. It may be as important to
distinguish NEC from IP preoperatively, as the preexisting
condition may impact survival in a more significant manner
than initial treatment performed.'*'>

Overall, postoperative complications were less frequent
than expected based on prospective screening and data col-
lection. Previous reports have cited higher postoperative
complication rates after NEC surgery, at times in excess of
50%."'®!7 In our study cohort, postoperative intestinal stric-
ture was the most common complication and occurred
equally in infants after initial drainage or laparotomy.

These data support the need for stratification by preop-
erative diagnosis (NEC or IP) in randomized trials comparing
laparotomy versus drainage (and perhaps other important
prognostic variables) to ensure as equal treatment groups with
respect to baseline risk as possible. Although it is important
to apply different surgical options in the most efficacious
manner, the largest impact in the outcome of these infants is
likely to come only with prevention of NEC and IP. A major
limitation in the development of preventive strategies is the
limitations of the available animal models for NEC and the
paucity of human tissue to examine.'® For future randomized
clinical trials involving these infants, correlative biology
studies to investigate pathways in the etiology of these
diseases via resected intestinal tissue or blood samples might
help to identify potential targets to be used in prevention and
treatment. '’
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Discussions

Dr. Max R. LANGHAM, JR. (GAINESVILLE, FLORIDA): This
baby is a 32-week baby who had been born at 22 weeks
gestation, weaned off the ventilator, fed, who developed
abdominal distention, billious vomiting, bloody stools, and
after this x-ray was referred to the surgical service for
emergency operation, [V antibiotics, and subsequently got
better.

The treatment and diagnosis of this condition haven’t
changed a bit since I was a third-year student on Dr. Haller’s
service, where I became fascinated by pediatric surgery. No
animal model exists of the condition that is relevant to the
epidemiology or precise pathology, so you can imagine the
treatment and the results have not changed very much.

It is hard to convey how exciting it is, therefore, to have
the opportunity to read an NIH-funded prospective multi-
institutional study, which is done as a precursor to a random-
ized hypothesized-driven multi-institutional study.

Dr. Blakely and Dr. Lally and the co-authors are to be
congratulated for bringing the first report of a study, which
has the opportunity to become a landmark in clinical inves-
tigation in surgery in infants.

There are several limitations to this study. First, it is a
secondary analysis of a larger study by the neonatal network
and as such was not designed, I believeand I would like the
authors to clarify this for uswith the primary question in
mind. It focuses on patients only requiring operation, and we
hope that the primary analysis of the data by the neonatal
network will address the pressing questions of etiology,
prevalence of the disease, and potential for prevention of the
disease, which is really needed badly.

The central question of this paper is: which operation is
better for these infants? The authors do not include infants
that are above 1000 g at birth. And I wonder if they believe
that those infants don’t need to be randomized? Do we know
what the best operation is for larger children with NEC? How
many babies died without surgery in this series of patients of
6000-some-odd extremely low birth infants? Is there a way to
capture those patients and to look at them? In designing the
future study, is there a way to capture those patients and to
look at them?

Patients with isolated intestinal perforation, as Dr. Lally
pointed out to us, look healthier, and yet in these data they
have lower blood pressures, higher pressor requirements, and
higher ventilator support, and still had a reasonable mortality.
Could it be that the lower blood pressure and other statisti-
cally significant variables were because these patients were
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more premature and that the higher ventilator requirements
had to do with this prematurity?

We know that ventilator pressures with mean or peak
inspiratory pressures of 31 are toxic. We and others have
shown before this group and others that in patients with
diaphragmatic hernia, high ventilator pressures are associated
with increased mortality. That is certainly true in other
diseases as well. Can the authors separate for us or can they
stratify in their prospective randomized trial toxicity of ven-
tilators and mortality in these infants from ventilator therapies
and from other co-morbidities?

Finally, are they sure they have the right variables to
stratify their prospective randomized study? Should lactic
acid, acidemia, renal failure, liver dysfunction, or other clin-
ical variables be used? Have they analyzed these data and
could they share those with us?

And finally, the major question, the really exciting part
of this. What is the evidence of based hypothesis to be tested
in the properly designed, prospective randomized multicenter
trial, which the authors propose and which I look forward to
with a great deal of interest?

Dr. WaLLAcE W. NEBLETT, III (NASHVILLE, TENNESSEE):
I would like to offer my congratulations to Drs. Lally,
Blakely and co-authors for this carefully prepared and beau-
tifully presented paper dealing with a difficult and increas-
ingly common clinical problem in pediatric surgery.

Their study depicts all too accurately the dismal out-
come in so many of these tiny babies with co-morbid heart
and lung disease who develop intestinal necrosis with a 49%
mortality rate when cared for in some of the very best
neonatal intensive care units available in the world.

I congratulate the authors on the purpose and design of
this study, an observational prospective multi-institutional
study designed to gather data to confirm the feasibility and
improve the study design of a subsequent prospective ran-
domized treatment trial designed to provide evidence-based
recommendations for optimum treatment of these infants.

Many of the findings from the current study are con-
firmatory of previous work and the findings or feelings that
most pediatric surgeons have. We learned important informa-
tion regarding the accuracy of pretreatment diagnosis in this
group of patients, the presence of hematosis, intestinal and
portal venoarya in a somewhat older infant correlates very
well with necrotizing enterocolitis with a pretreatment diag-
nostic accuracy of 98%. However, the pretreatment diagnos-
tic accuracy for isolated intestinal perforation was less at 83%
in a small group of patients.

As expected, this study does not adequately clarify
outcomes according to treatment by laparotomy versus drain-
age and supports the need for further prospective randomized
studies as planned by the authors. I would be interested in Dr.
Blakely’s comments regarding several factors in this patient
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population that may be important in achieving proper strati-
fication of treatment groups in the next study.

First, how will that study achieve reliable accuracy in
treatment groups regarding the preoperative diagnosis, necro-
tizing enterocolitis versus isolated intestinal perforation? Spe-
cifically, I would be concerned about the 83% successful
preoperative diagnosis of intestinal perforation in babies that
are not operated on initially.

Second, how will you achieve uniformity of treatment
groups regarding operative indications? We know that pneumo-
peritoneum correlates highly with the presence of full-thickness
intestinal necrosis, whereas other preoperative indicators such as
abdominal wall erythema, clinical deterioration, and other indi-
cations for intervention have substantial lower specificity.

Third, the presence of total or near-total intestinal
necrosis in most series, including this one, predicts a uni-
formly fatal outcome. Should these infants be identified and
excluded from study groups?

Fourth, pretreatment physiologic parameters have been
shown to be highly reliable predictors of outcome in many
neonatal diseases. In this series, vasopressor use and use of
high frequency oscillation or ventilator support correlated
with a poor outcome. Have the authors utilized a physiologic
scoring system to predict mortality in comparison of the
treatment groups in the current study, and will that be of
benefit in the prospective study yet to come?

Dr. JosepH P. TEepas, III (JACKSONVILLE, FLORIDA): My
comment is that, as Dr. Lally stated, this disease is beginning
to supplant congenital anomaly as the most common reason
for urgent operation on very small birth weight infants. It
therefore becomes an absolute imperative that we look at this
from 3 perspectives because it is, in fact, becoming an
increasingly problematic social as well as surgical disease.

The 3 imperatives are: first, the welfare of the baby.
Our decisions affect whether the baby will survive with a
quality of life that we would wish for any child. Secondly,
this is an extraordinarily resource-intensive disease, as you
have heard. Thus, it becomes important for us to become
good stewards to the resources that our hospitals are quickly
running out of, as we all know, from the evolving healthcare
finance situation. And finally, we must assure that these
babies grow up as societal contributors rather than as long-
term dependents for custodial care. We have been struggling
with this because, like many other institutions that also serve
as safety net hospitals, this becomes increasingly important.

We have looked at our experience, with our 14-year
prospective database, to try to identify objective criteria that
would help us make appropriate clinical decisions. In the
process of doing that, we have analyzed odds ratios compar-
ing peritoneal drainage versus laparotomy and have come to
the conclusion that, in fact, this disease may not really be 2
diseases, as some authors have stated. The disease of IP or
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intestinal perforation is actually a benign variant of necrotiz-
ing enterocolitis. Our odds ratio analysis suggests to us that
the babies who are treated with laparotomy, lavage, and
debridement do significantly better if they have prodromo of
necrotizing enterocolitis.

On the other hand, in the absence of findings commonly
associated with NEC, those numbers are reversed. This has
led us to believe that this disease is, in fact, a spectrum of
neonatal gut injury syndrome, the most benign variant of
course being IP and the most malignant being the often fatal
metabolic disease that results in sepsis, organ system failure,
and death, all related to necrotic intestine.

Having said that, we have attempted to identify through
analysis of our data, a logistic regression model to provide
weight and identity of specific factors to help us make the
decision as to which way the patient should be treated, IP or
lavage and laparotomy.

Dr. Lally was kind enough to share with me his manu-
script. I have reviewed it, and I have taken the liberty of
looking at odds ratios of his data. I note that, if you assume
that laparotomy is the gold standard, babies who are identi-
fied with necrotizing enterocolitis who receive peritoneal
drainage instead of laparotomy had mortality odds ratio
of 1.7.

Interestingly enough, if they were identified as IP, they
had an odds ratio of mortality with drainage even higher,
which leads me to wonder how exactly the decision to drain
versus operate was made. Was it protocolized? Or was it the
result of individual surgeons having specific or subjective
assessment as to what they thought was the appropriate way
to go?

The next question is the issue of the logistic regression
model and specific weights. Have you looked at your data
with the perspective maybe of being able to identify a model
that would develop a protocol that would, in fact, identify
which patient would benefit from reduction of the septic load,
if you will, by laparotomy, debridement, and lavage?

Finally, in the IP group who did not require operative
intervention, there was a significant mortality. What was the
cause of death for those children? Was it from sepsis? Was it,
in fact, disease that was not operated on? Or was it some other
issue?

Dr. JAMES A. O’NEILL, JR. (NASHVILLE, TENNESSEE): My
comments will be much shorter on this paper, which I think
reflects an idealistic approach to determining how to treat
infants better from a study of outcomes.

As 1 listened carefully to the remarks of Dr. Lally, it
came to my mind that the one firm conclusion that might be
reached from the data is that it is possible to tell the difference
between isolated perforation and more generalized necrotiz-
ing enterocolitis.
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Now, there are certain questions that have to do with
the validity of other conclusions with regard to this study. I
will not comment on what the authors should do in the future,
but rather to talk about what they actually did.

I think it is questionable whether it is reasonable to
include in any comparison, isolated intestinal perforation and
necrotizing enterocolitis, which involves widespread areas of
intestinal gangrene. It seems to me that those groups should
be studied separately.

The second thing is that there is a comparison of
intestinal drainage as an initial procedure for intestinal per-
foration for these disparate disorders with initial laparotomy.
It may very well be that there are indications of one or the
other in each of these diseases. There needs to be, and I could
not gather from the presentation that there was any standard-
ization of approach with regard to selection of patients for
intestinal drainage.

So this potentially leads to a very serious, at the very
least, type 1 error in the interpretation of data. At least in my
mind, there is serious question about whether the 2 therapeu-
tic approaches are indeed equal. So the question is: what were
the indications for peritoneal drainage, and were they stan-
dardized across the multicenter study? The nice part about a
multicenter study is that you get a large number of patients.
The difficult part is that people treat things differently.

Another question is: were the cases distributed equally,
or close to equally, among the 15 centers? Or did you have
one with 3 cases and another one with 15? There was an
average of 10 per center.

Were any patients relegated to no treatment or were all
patients operated on, for example, patients with intracranial
hemorrhage grade 3 or grade 4? Were these patients operated
on or were they excluded? If so, did this make a difference in
the interpretation of data?

Additionally, why was central nervous system disabil-
ity not considered an outcome measure, something we think
may be every bit as bad as mortality?

So there are a number of issues related to study design
and execution that I think need to be carefully analyzed
before we can make firm conclusions, with the exception that
perhaps you can tell the diseases apart. I would appreciate
your comments and enjoyed the way you have tried to put this
together.

Dr. J. ALex HALLER, JR. (BALTIMORE, MARYLAND): I
want to make one comment to clarify this drainage for this
very sick group of patients because for the nonpediatric
surgeons present you may not realize that many of us have
not accepted this as a form of treatment for a disease, which
requires at least 50% of the time another operation than
drainage in order to correct the surgical problem within the
abdomen of the micropreemie with necrotizing enterocolitis.
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This concept came to us from the Hospital for Sick
Children in Toronto some 15 years ago and was based upon
the fact that as they looked at their patients who were so sick,
their micropreemies with perforation, when they took them to
the operating room they had a higher mortality if they
operated on them than if they just drained them in the
nursery. But when closely questioned, our pediatric surgery
colleagues said that the reason for that was that they devel-
oped hypothermia during transport from the nursery to the
operating room through the cold corridors of the Hospital for
Sick Children in Toronto and that that was the reason for
changing the treatment.

Now, it seems to me in the protocol that is now being
proposed, we must be careful we don’t incorporate in it that
heresy. Because no drainage can be the treatment for dead
bowel or for perforated bowel, it can be a temporizing
approach. And it seems to me, and in speaking to my
colleagues who are going to be on this committee, that you
must be very careful as to what do you believe is the cause of
death in children with isolated perforation and those with
necrotizing enterocolitis.

As I have tried to figure out over these last 15 years
why our Canadian colleagues just drain those patients, it
seems to me the only reason they got better survival was
because they decompressed the abdomen. If that is the main
factor, then laparotomy as an alternative to drainage does the
same thing. And it is going to be very difficult, I think, Dr.
Lally, to separate that. If that is the major factor in survival,
that you decompress and therefore allow for better circulation
because you don’t have an increased pressure within the
abdomen, it is going to be difficult to separate those groups of
patients in terms of trying to decide which is the better
modality for treatment.

So as Dr. O’Neill said, caution is certainly in order, and
this design must be very carefully looked at in terms of what
outcome can be expected.

Dr. CHArLEs E. BAGWELL (RicumonD, VIRGINIA): The
treatment by drainage alone, as proposed by Siggie Einback
in the 1970s, treats the perforation like an abscess. It has been
controversial since first proposed, but has become well ac-
cepted simply because it works. These tiny infants are just
awfully sick, and one can imagine that laparotomy for this
group, especially when septic, carries an inordinate surgical
risk.

One question for the authors involves the use of indo-
methicin, which has been shown to be associated with iso-
lated small bowel perforations. Accordingly, I wonder how
many of these babies with perforations were given Indocin
for patent ductus arteriosus or other conditions?

The value of this paper is to establish at last a cooper-
ative group to look at these treatment options and provide
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some guidelines for treatment based on data and results.
Hopefully, this is the beginning on accumulating such data
for us.

DRr. MARTIN L. BLAKELY (MEMPHIS, TENNESSEE): T would
like to thank you for that vigorous discussion of this paper.

Indocin use didn’t really matter in any of the compar-
isons we made. There was no difference in those babies that
were diagnosed with NEC or isolated perforation, which goes
against some of our biases, and Indocin use was not important
in the outcome of the patients. When we sat down 5 years ago
in the Neonatal Research Network to study this question, we
wanted to pick the most rigorous study design and felt like a
randomized control trial would be the appropriate method.
There are 2 widely disparate treatment options for this patient
population. Most pediatric surgeons think that the relevant
population is birth weight less than 1000 g. But when we
started looking at the data that were available, including a
meta-analysis done by Larry Moss in 2001, it was very
difficult, and we felt impossible, to adequately design a
randomized trial.

What I see as one of the positives of this study is that
rather than just guess based on the previous data, we felt like
we needed to acquire the data in order to help us design a
trial. We felt then, and we feel now, that the best way to
answer this question is with a randomized trial; however, we
felt like we just couldn’t do that with the available back-
ground data.

Dr. Langham appropriately touched on kind of a “so
what” question. We have been looking at NEC. Now we think
there is maybe a new disease called isolated intestinal perfo-
ration. But we still don’t know how to diagnose NEC earlier.
There is no animal model that accurately mimics NEC. The
etiology of the disease remains unknown.

One of the things that the NIH Neonatal Research
Network is planning to do is to use a randomized trial
evaluating the surgical options as a vehicle to collect biologic
specimens, blood spots, and resected tissue. And I think that
may be one of the most important parts of the trial.

There is a lot of interest to perform such a trial so that
we can figure out hopefully what causes NEC, what are some
of the molecular pathways, is there a difference between NEC
and isolated perforation, and hopefully to identify some
targets where we can diagnosis this earlier and have some
more effective treatments.

So my thought is that a clinical trial evaluating the
surgical therapies available to date will be very important for
us to figure out how to treat these children. But it may be that
the biologic exploration of these diseases may be more
important.

Several people asked about patients who were identi-
fied as having NEC or isolated intestinal perforation and then
died before surgery. We had none of those infants in this
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series. The starting point for enrollment in the study was the
neonatologist and pediatric surgeon felt like that the child had
neither NEC nor isolated perforation and required surgery.
All of those babies received either a drain or a laparotomy.

Regarding stratification variables to be used in a future
trial, obviously, that is very important. Neither of the ongoing
trials stratifies based on preoperative dianogis (NEC or IP).
Obviously, you can’t use too many stratification variables. In all
of the analysis we did, the preoperative diagnosis of NEC versus
isolated perforation was a very important characteristic.

What is the evidence-based hypothesis to be tested?
That also was kind of the $20 million question. This will have
to be worked out with all of the pediatric surgeons at the
participating centers. But I think we will certainly include a
follow-up measure, which is one of the other questions that
Dr. O’Neill asked.

We now have over 90% complete follow-up at 18 to 22
months (neurodevelopmental and growth outcome). Very
early indications are that the drainage group has a signifi-
cantly worse developmental assessment at that follow-up
period. So, the hypothesis thus far is that infants with initial
laparotomy would have equivalent survival but improved
longer-term outcome.

We have some thoughts about why that may be. One is
that drainage, while it doesn’t change the mortality, may
allow for some ongoing sepsis or cytokine imbalances, which
have been shown to translate into worse neurodevelopmental
impairment in these babies in other studies.

Dr. Neblett asked about the accuracy of preoperative
diagnosis and how you would use an 83% accuracy rate in
isolated perforation and how would you have the ability to
stratify based on that. I think that is a valid concern. But |
think you have to just take one step at a time. There are 2
trials going on now that don’t consider there to be any
difference in the starting population. We don’t feel like that is
the most accurate approach.

And while the study was not designed to specifically
test the ability to diagnose NEC versus isolated perforation,
there was such a tight correlation that I think we have at least
a reasonable ability to do that and that that would be impor-
tant in stratifying our treatment assignments in a trial so that
we are starting with more equivalent groups.

The operative indications in this study were not stan-
dardized. In fact, it is going to be very difficult to do. It will
be important to do this in a trial. But what we were trying to
do in this study was to see what surgeons are actually doing
currently. Obviously, many pediatric surgeons are diametri-
cally opposed on this topic. Some think drainage is the way
to go. Others think that makes no sense. This study was
designed to specifically find that data and try to figure out
who is doing what and why they are doing it. So before we
start this trial, all of the surgeons participating in this will
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have to come together and have some agreement in order for
a trial to go forward.

The question about excluding NEC totalis or near-total
NEC, I think, is very difficult because you don’t know this
information on the front end. So I don’t think that is going to
be possible. It is true that basically none of those babies
survives. But since you can’t tell that at the time of random-
ization, then I don’t think you can exclude those babies, and
you would just have to assume that, with a randomization
procedure, there would be equivalent numbers of such infants
between groups and that could be measured.

We did not use a scoring system, although we did
discuss this. Our statisticians warned us away from this. If
there are 10 to 12 variables that go into the scoring system,
which is then used in a multivariable logistic regression, then
pretty soon you have more variables than patients. And they
felt like that was not appropriate. For the same reason, we did
not stratify by center, which could be a criticism.

Dr. Tepas asked about 2 diseases or not. There are some
surgeons who think that this is just different ends of the
spectrum of the same disease. Again, I think that is a very
important reason why we need a trial with a biology compo-
nent. I think our surgical oncology colleagues have made
great strides because not only have they done randomized
trials of surgical therapies or medical therapies but they
always collect tissue, and they have learned what are the
targets and they develop better therapeutics. So I think now is
a good time to do a randomized trial, including a biology
study so that we can start to explore this. The treatments were
decided based purely on the surgeons’ wishes during this
observational study, as I mentioned.

The modeling you mentioned, I think, is another
method to try to get at this. We did not do this and felt, and
still feel, that a true prospective randomized trial between
hopefully fairly equivalent groups will be the best way to
determine this.

As for cause of death in isolated perforation in those
babies who didn’t get a subsequent laparotomy, most died
due to the perforation or sepsis. But as you saw on that
adjusted Kaplan-Meier survival curve, some died really late,
perhaps due to comorbidities.

And I think that is one of the problems; we put a drain
in and the baby becomes somewhat of a black box. If it gets
better, does that mean you should operate on him? Well, that
is somewhat counterintuitive. Usually, if our therapy is get-
ting someone better, that means you don’t change what you
are doing. But obviously, people take the opposite strategy
that, if you put a drain in, and they are doing better, of course,
you should operate on them. Some of these babies with
isolated perforation do die of chronic lung disease and some
of other morbidities of prematurity very late.

One of the things we did not present today was the
morbidity data. Obviously, we looked at mortality and also
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morbidity. And there was a trend toward lower rates of One last comment on Dr. O’Neill’s question about the
prolonged parental nutrition in the babies with laparotomy CNS disability. We agree with him wholeheartedly that
versus drainage. So we feel that, although mortality is not  neurologic outcome is the most important thing, and we
really different, if anything, the morbidity may be higher with ~ hopefully will have a separate analysis on the follow-up to
the drainage patients. present soon.
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