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Purpose: This study characterizes neurodevelopmental outcomes and healthcare needs of extremely low birth
weight (ELBW) survivors of necrotizing enterocolitis (NEC) compared to ELBW infants without NEC.

Methods: Data were collected prospectively on neonates born 22-27 weeks’ gestation or 401-1000 g at 47 Ver-
mont Oxford Network member centers from 1999 to 2012. Detailed neurodevelopmental evaluations were con-

ﬁey words: erocoliti ducted at 18-24 months corrected age. Information regarding rehospitalizations, postdischarge surgeries, and
L;:;Otzxi E':Csisgg s feeding was also collected. “Severe neurodevelopmental disability” was defined as: bilateral blindness, hearing
Disability impairment requiring amplification, inability to walk 10 steps with support, cerebral palsy, and/or Bayley Mental

or Psychomotor Developmental Index <70. Diagnosis of NEC required both clinical and radiographic findings.
Results: There were 9063 children without NEC, 417 with medical NEC, and 449 with surgical NEC evaluated. Significantly
higher rates of morbidity were observed among infants with a history of NEC. Those with surgical NEC were more frequently
affected across all outcome measures at 18-24 months corrected age: 38% demonstrated severe neurodevelopmental
disability, nearly half underwent postdischarge operations, and a quarter required tube feeding at home.
Conclusion: At 18-24 months, extremely low birth weight survivors of necrotizing enterocolitis were at markedly
increased risk (p < 0.001) for severe neurodevelopmental disability, postdischarge surgery, and tube feeding.

Tube feeding
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Level of evidence: 11 (prospective cohort study with <80% follow-up rate).
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Necrotizing enterocolitis (NEC) and spontaneous intestinal perforations
(SIP) commonly affect extremely low birth weight (ELBW) neonates and
are associated with significant mortality or prolonged and complicated hos-
pital courses [1,2]. In addition, ELBW neonates are known to be at increased
risk for long-term developmental disabilities [3,4]. To better characterize
morbidity among survivors of NEC, we evaluated neurodevelopmental
outcomes and healthcare needs among survivors of medical and surgical
NEC, compared to those without a history of NEC, at two year follow-up.

1. Methods
1.1. Study design

This study is a retrospective review of prospectively collected data
from the Vermont Oxford Network (VON), a nonprofit voluntary clinical
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collaborative dedicated to improving the safety and quality of care pro-
vided to neonates and their families. VON members prospectively col-
lect data on infants with birth weights 401-1500 g, or gestational age
at birth of 22 to 29 completed weeks, who are admitted to a participat-
ing center neonatal intensive care unit (NICU) within 28 days of birth.
Data are collected by local staff using uniform definitions until neonates
are discharged from the hospital, die, or reach one year of age in the hos-
pital. Records are subjected to automated checks and returned for cor-
rection if incomplete. Of the 731 North American centers participating
in VON, 47 centers participate in the VON ELBW follow-up project and
contributed data for this study, on infants born 1999-2012 (Appendix
1, online only). These centers conduct follow-up evaluations with de-
tailed neurodevelopmental assessment on ELBW infants (birth weight
401-1000 g or gestational age at birth 22 to 27 completed weeks) be-
tween 18 and 24 months corrected age. For this study, infants with a
major congenital anomaly or initial hospital length of stay <72 h were
excluded. A clinical diagnosis of NEC required at least one physical find-
ing (bilious gastric aspirate or emesis, abdominal distention, or occult/
gross blood in the stool in the absence of anal fissures) and at least
one radiographic finding (pneumatosis intestinalis, hepatobiliary gas,
or pneumoperitoneum), i.e. minimum Bell's Stage II. Bowel perforation
or NEC could also be diagnosed at laparotomy or at postmortem exam-
ination [5]. Detailed definition of all data points is as specified in the


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpedsurg.2017.10.029&domain=pdf
https://doi.org/10.1016/j.jpedsurg.2017.10.029
https://doi.org/10.1016/j.jpedsurg.2017.10.029
http://www.sciencedirect.com/science/journal/00223468

102

Vermont Oxford Network Manual of Operations [5]. Surgical NEC was
defined as that subset of patients who received laparotomy or primary
peritoneal drainage.

Follow-up was coordinated by participating institutions, and in-
formed consent for inclusion in the ELBW follow-up project was obtain-
ed according to the specifications of each institution's IRB; attempts
were made to schedule follow-up with the families/caregivers of all in-
fants who were alive at hospital discharge. Infant status was reported as
dead, alive, or unknown. Outcome measures for infants who completed
follow-up at 18 to 24 months corrected age included assessment of the
home living situation, healthcare needs, and developmental status of
the children. Measures were reported using standardized data collec-
tion tools; each data item was defined in the ELBW Infant Follow-Up
Manual of Operations [6].

The assessment of the home living situation included information re-
garding with whom the child resided, the type of social support at home,
and primary caregiver educational attainment. For infants born after 2005
maternal age at birth was assessed for all infants, and primary language of
the caregiver and household income in relation to federal poverty
guidelines were collected at US centers. The assessment of healthcare
needs included: medical support after hospital discharge (tracheostomy,
ventilator, oxygen, gastrostomy, nasogastric feeds, apnea or cardiorespi-
ratory monitor), surgical procedures since discharge, and any medical
rehospitalizations requiring an overnight stay. Rehospitalization data do
not include rehospitalizations for surgery. Reasons for rehospitalization
were categorized as respiratory illness (including apnea), nutrition or fail-
ure to thrive, seizure disorder, shunt complications, infections, or other.
Infections requiring rehospitalization were further categorized as menin-
gitis, urinary tract infection, gastrointestinal infection, or other. All rehos-
pitalization and surgery write-in codes were reviewed by surgeons at
Boston Children's Hospital and appropriately categorized.

The assessment of the developmental outcomes included informa-
tion from the neurological and developmental evaluations, with defini-
tion of severe disability based on the work of Schmidt et al. [4]. The
neurological evaluation included assessment of vision (blindness in
one or both eyes), hearing (corrective hearing aids for one or both
ears), and muscle tone (hypotonia, hypertonia). Whether the infant
could walk 10 steps independently or with support was assessed.
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Cerebral palsy (quadriplegia, hemiplegia, diplegia) was defined as a
nonprogressive, nontransient central nervous system disorder charac-
terized by abnormal control of movement and/or posture not owing
to mental retardation. The developmental evaluation included Bayley
Scales of Infant and Toddler Development (BSID-II or BSID-III); partici-
pating centers were given the option to use BSID-III starting in 2004. A
score of less than 70 (more than two standard deviations below the
mean), using age adjusted for prematurity, was interpreted to represent
significantly delayed performance. Severe disability was defined by the
presence of one or more of the following: bilateral blindness, hearing
impairment requiring amplification, inability to walk 10 steps with sup-
port, cerebral palsy, or a BSID Mental Development Index (MDI) or Psy-
chomotor Development Index (PDI) of less than 70.

This study was performed as part of an ongoing collaboration be-
tween VON and pediatric surgeons at Boston Children's Hospital. The
Committee on Human Research at the University of Vermont approved
the use of the VON Research Repository for this analysis (#15-143).

1.2. Statistical methods

Risk ratios are adjusted for gestational age and clustering of infants
within hospitals. All analyses were produced using SAS version 9.4
(SAS Institute, Cary, NC).

2. Results

After the exclusion of 2265 infants for congenital anomalies and/or
length of stay less than 72 h, and 19 infants for missing data on survival
status at hospital discharge, there were 24,018 eligible ELBW infants;
20,762 of these infants survived until hospital discharge. Survival to
follow-up was 88% among those without NEC, 74% among those diag-
nosed with medical NEC, and 62% for those with a history of surgical
NEC or bowel perforation. Of 20,565 infants eligible for follow-up, 48%
were evaluated: 9063 without NEC, 417 with medical NEC, and 449
with surgical NEC (Fig. 1). The 9929 evaluated infants had a mean ges-
tational age of 26 weeks (& 2 weeks) and a mean birth weight of
803 g (SD 4 169 g). Characteristics associated with risk of disability
[3] were similar between survivors with and without follow-up

24,018

Eligible infants

21,135 2,883
'Without NEC NEC
I
1 1
1,213 1,668
Medical NEC Surgical NEC
2,350 300 604
Died before discharge [ Died before discharge [ [ | Died before discharge
149 15 33
Died between discharge Died between discharge || || Died between discharge
and follow up and follow up and follow up
18,636 898 1,031
Eligible for Eligible for Eligible for
follow up follow up follow up
o 3807 192 | 289
Alive, not evaluated Alive, not evaluated Alive, not evaluated
5,666 289 203
Status unknown, not | Status unknown, not  — M Status unknown, not
evaluated evaluated evaluated
9,063 417 449
Evaluated Evaluated Evaluated

Fig. 1. Infant survival and follow-up.
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Table 1
Characteristics of surviving extremely low birth weight infants.

Surviving Infants

Evaluated Infants

Evaluated Not evaluated Without NEC Medical NEC Surgical NEC
(N = 9929) (N = 10,636) (N = 9063) (N = 417) (N = 449)

Obstetric

Any antenatal steroids 85% 81% 85% 83% 80%

Vaginal delivery 31% 32% 31% 30% 33%

Multiple birth 29% 24% 29% 28% 31%

Inborn 84% 78% 85% 84% 74%
Infant

Birth weight (g) (mean 4 STD) 803 + 169 861 + 191 807 + 169 779 £ 162 752 + 172

Gestational age (weeks) (mean + STD) 26.0 + 2.0 26.0 £ 2.0 26 4+ 2 26 4+ 2 25+ 2

Small for gestational age 15% 13% 15% 15% 8%

Male 50% 52% 49% 53% 58%

Nonwhite (maternal race) 41% 49% 41% 47% 39%
Delivery room

Intubation 78% 74% 78% 78% 84%

Cardiac compressions 6% 7% 6% 7% 10%
Neonatal course

Treatment for PDA 52% 51% 51% 56% 67%

Early-onset bacterial sepsis 2% 2% 2% 2% 2%

Late-onset bacterial sepsis 27% 25% 25% 39% 53%

Severe IVH or cystic PVL 11% 12% 10% 13% 21%

Severe ROP stage 3-4 17% 15% 16% 21% 32%

Chronic Lung Disease 47% 44% 46% 52% 58%

Total length of stay (median, Q1, Q3) 89 (71,111) 82 (65, 104) 87 (70,108) 100 (82, 120) 124 (103, 153)

Necrotizing enterocolitis 6% 7%

STD: standard deviation. Small for gestational age defined as less than 10th percentile weight for age. PDA: patent ductus arteriosus. Severe I[VH: Intraventricular Hemorrhage, grade Il or
IV. PVL: Periventricular Leukomalacia. ROP: retinopathy of prematurity. Chronic lung disease defined as requiring oxygen at 36 weeks post menstrual age.

(Table 1). Infants with surgical NEC more frequently had neonatal comor-
bidities associated with increased risk for disability. Infants with a history
of NEC had an increased risk of long-term health morbidity as measured
by need for rehospitalization, postdischarge surgeries, tube feeding at
home, and severe neurodevelopmental disability; those with surgical
NEC were consistently the most severely affected group (Fig. 2, Table 2).

2.1. Neurodevelopmental outcomes
For this study 48% of infants were evaluated using the BSID-II, and

52% were evaluated after implementation of the BSID-III. Survivors of
NEC had significantly higher rates of neurodevelopmental disability
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than those without NEC. The risk of severe neurodevelopmental disabil-
ity among infants with surgical NEC was nearly double that of the refer-
ence cohort of ELBW infants without a history of NEC (ARR 1.87, 95% CI
1.58-2.20). At 20 months corrected age (IQR 19, 22) severe disability
was diagnosed in 17% of those without NEC, compared to 24% of those
with medical NEC, and 38% in the surgical NEC group (Fig. 2). Specific
disabilities diagnosed are listed in Table 3. A BSID score more than
two standard deviations below the mean (<70) was interpreted as “se-
vere disability.” In addition, among the 5212 children evaluated using
the BSID-III, an additional 19% met criteria for “moderate disability”
with BSID-III cognitive or motor score 70-84 (more than one standard
deviation below the mean). The rate of “moderate disability” was 19%

m Without NEC
= Medical NEC
48% Surgical NEC

35%
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Post-discharge
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Fig. 2. Extremely low birth weight infants: Morbidity among survivors at 18-24 month corrected age.
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Table 2
Adjusted risk ratios (ARR) for morbidity at 18-24 months corrected age, compared to infants without a history of necrotizing enterocolitis.
Medical NEC Surgical NEC
ARR (95% CI) p ARR (95% CI) p
Severe neurodevelopmental disability 1.32 (1.03-1.69) 0.027 1.87 (1.59-2.20) <0.001
Medical rehospitalization 1.10 (097, 1.26) 0.1454 1.41 (1.27-1.57) <0.001
Postdischarge surgery 1.29 (1.10-1.50) 0.0013 1.65 (1.41-1.92) <0.001
Postdischarge tube feeds 1.72 (1.32-2.24) <0.001 2.66 (2.24-3.16) <0.001

NEC: necrotizing enterocolitis. ARR: Adjusted risk ratio. CI: confidence interval. Reference group: Infants without NEC.

Table 3
Disability characteristics at 18-24 months corrected age.

Without NEC (N = 9063)

Medical NEC (N = 417) Surgical NEC (N = 449)

n % n % n %
Any Severe Disability 1535 17% 98 24% 169 38%
Bilateral Blindness 57 1% 3 1% 15 3%
Hearing Impairment Requiring Amplification 130 1% 11 3% 16 4%
Inability to Walk 10 Steps with Support 311 3% 22 5% 64 14%
Cerebral Palsy 612 7% 40 10% 93 21%
Bayley Scales of Infant Development (II/III)
MDI or Cognitive Score < 70 732 8% 51 12% 72 16%
PDI or Motor Score < 70 739 8% 60 14% 92 20%
Too Severely Delayed to Complete BSID 68 1% 3 1% 14 3%

MDI: Mental development index. PDI: Psychomotor development index. BSID: Bayley Scales of Infant Development.

among 4753 children without a history of NEC, 20% among 192 children
with a history of medical NEC, and 31% among 267 children with a his-
tory of surgical NEC.

2.2. Health care needs after discharge

ELBW infants typically experience prolonged neonatal hospitaliza-
tions (Table 1), and also frequently require rehospitalization after
their initial discharge. More than half (54%) of infants with a history of
surgical NEC had at least one medical rehospitalization, while 39% of
those with medical NEC and 34% of infants without a history of NEC
were rehospitalized at least once prior to their follow-up evaluation.
Reasons for rehospitalization are listed in Table 4; respiratory

rehospitalizations were the most common in all groups. In this study
medical rehospitalization data were collected separately from data on
postdischarge surgeries.

During the initial hospitalization, 18% of the group without a history
of NEC and 23% of the group with medical NEC required at least one
surgical procedure. After discharge, children with surgical NEC
remained the most likely to require further surgery (ARR 1.65, 95% CI
1.41-1.92), with 48% undergoing additional surgery between original
hospital discharge and follow-up evaluation (Table 4).

At home, most infants required some form of medical support, with
apnea or cardiopulmonary monitors and supplemental oxygen being
the most common (Table 4). Infants with a history of surgical NEC had
the highest risk of requiring medical support after discharge home

Table 4
Heath care needs between discharge and 18-24 months corrected age follow-up evaluation.
Without NEC (N = 9063) Medical NEC (N = 417) Surgical NEC (N = 449)
n % n % n %

Any Medical Rehospitalization 3090 34% 161 39% 241 54%
Respiratory Illness 2321 26% 117 28% 146 33%
Nutrition/Failure to Thrive 240 3% 17 4% 36 8%
Seizure Disorder 102 1% 7 2% 8 2%
Shunt Complication 66 1% 5 1% 16 4%
Infection 355 4% 22 5% 50 11%

Meningitis 25 0% 1 0% 2 0%

Urinary Tract Infection 45 0% 4 1% 1 0%

Gastrointestinal Infection 167 2% 12 3% 25 6%

Other Infection 131 1% 6 1% 28 6%
Other Medical Rehospitalization 371 4% 20 5% 49 11%
Any Surgical Procedure 2412 27% 146 35% 213 48%
Gastrostomy Tube Placement 230 3% 12 3% 24 5%
Other Gastrointestinal Surgical Procedures 197 2% 29 7% 89 20%
Inguinal Hernia Repair 670 7% 38 9% 39 9%
Any Medical Support After Discharge 4774 54% 219 53% 291 65%
Tracheostomy 146 2% 7 2% 11 2%
Ventilator 82 1% 6 1% 11 2%
Oxygen 2347 26% 98 24% 148 33%
Apnea or CP Monitor 2718 30% 120 29% 156 35%
Any type of tube feeds 626 7% 51 12% 110 25%

Gastrostomy 465 5% 40 10% 94 21%

Nasogastric Feeds 230 3% 16 4% 25 6%

NEC: necrotizing enterocolitis. CP: cerebral palsy.
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Table 5
Sociodemographic characteristics of evaluated infants.
Without NEC Medical NEC Surgical NEC
N n % N n % N n %
Caregivers
Single Parent 9056 1222 13% 417 65 16% 448 67 15%
Single Parent Extended Family 9056 627 7% 417 24 6% 448 24 5%
Two Parent 9056 6660 74% 417 303 73% 448 333 74%
Two Parent Extended Family 9056 547 6% 417 25 6% 448 24 5%
Primary Caregiver Education
High School Graduate or less 8351 2698 32% 373 140 38% 403 150 37%
Some College/University 8351 2320 28% 373 112 30% 403 121 30%
College/University Graduate 8351 3333 40% 373 121 32% 403 132 33%
Child currently in Foster care 9063 180 2% 417 9 2% 449 13 3%
Maternal Age at Birth®
<20 years 4889 347 7% 189 21 11% 294 32 11%
>39 years 4889 223 5% 189 11 6% 294 10 3%
English not the Primary Language® 4246 488 11% 168 16 10% 295 26 9%
Income Below HHS Poverty Guidelines® 3862 1247 32% 151 56 37% 265 99 37%

@ Collected since 2006. NEC: necrotizing enterocolitis. HHS Poverty Guidelines: US Department of Health and Human Services Poverty Guidelines [26].

(65%), which was driven in large part by the increased use of tube feed-
ing, which 25% of the surgical NEC survivors received after hospital dis-
charge (ARR 2.66, 95% CI 2.24-3.16).

2.3. Sociodemographic characteristics

Sociodemographic characteristics of evaluated infants and their
caregivers are listed in Table 5. Assessment of maternal age, primary
language of the caregiver, and household income was added to the
data collection in 2006; 5431 of the 9929 children in this study were
evaluated since these assessments were added to data collection.
Since that time, 99% of participating families chose to provide data on
maternal age, 100% on primary language, and 91 on household income.
Of the 4278 families in the United States who chose to report income in
relation to federal poverty levels, 33% reported living in poverty.

3. Discussion
3.1. Outcomes

Extremely low birth weight infants who develop NEC, particularly
when severe enough to warrant surgery, are a population at high risk
for mortality and morbidity. While it is difficult to predict outcome for
any individual patient, it is incumbent on the healthcare team to guide
family expectations through the myriad of difficult decision points
that are regularly encountered [7,8]. For this cohort, assuming that the
rate of severe disability was similar in the evaluated and nonevaluated
group, only 39% of the infants who underwent surgery for NEC were
alive and without severe disability at 20 months of age compared to
57% of infants with medical NEC and 73% of infants without NEC.

As ELBW infants increasingly survive, the optimization of
neurodevelopmental outcomes remains a key goal in the complex
care provided to these patients [9]. Matters of particular interest to the
surgical patient include the impact of red blood cell and platelet transfu-
sion practices, the effect of anesthetic and sedative exposure, exposures
to other ototoxic drugs including antibiotics, central line associated
bloodstream prevention strategies, and optimal nutritional support
strategies [10-17]. The question of whether the initial choice of primary
peritoneal drainage (PPD) or laparotomy is associated with any differ-
ence in long term outcomes remains unanswered by current data.
Prior analysis shows that infants who receive PPD are on average higher
risk neonates, with higher mortality than those who undergo initial lap-
arotomy [2]. Therefore, a randomized controlled trial would be required
assess the effects attributable to the choice of PPD vs. laparotomy.

Postdischarge, the home environment has substantial impacts on
the child's health and developmental outcomes; lower educational

attainment of the caregiver, nonwhite race, and lower socioeconomic
status have previously been demonstrated as independent predictors
of impaired cognitive and language development (though motor im-
pairment and cerebral palsy are more directly attributable to focal
brain injury including intraventricular hemorrhage and periventricular
leukomalacia). Over time the influence of perinatal risk factors dimin-
ishes as other social and environmental factors predominate [18-20].

3.2. Impact on health systems and caregivers

In 2011, aggregate hospital costs for the neonatal hospitalizations of
infants weighing less than 1500 g at birth was 3.7 billion US dollars, with
surviving neonates costing significantly more than those who died prior
to discharge [21]; lower birth weight and the presence of comorbidities,
including NEC, result in substantial marginal cost increases [22]. As this
study demonstrates, the increased utilization of care among survivors of
NEC does not stop at hospital discharge. It can be anticipated that many
of these children will continue to require various forms of supportive
care beyond the first two years of life, with attendant costs within the
healthcare system and for their caregivers at home [23]. Families of
children with special health care needs contend with challenges that in-
clude impact on work for the caregiver, financial strain, social isolation,
stress, and unmet care needs [23,24].

In addition to medical and surgical management strategies, social
determinants of health impact the outcomes examined at multiple
points. Lower socioeconomic status first predisposes women to an in-
creased risk of extremely preterm delivery, is a risk factor for worse
neurodevelopmental disability after discharge, and impacts the experi-
ence of families caring for medically complex children [19,24,25]. In
2012, 24% of American children less than 6 years old, or 5.8 million chil-
dren, lived in households with incomes below the US Department of
Health and Human Services poverty line ($23,050 for a family of four
in 2012) [26,27]. These circumstances must be seriously considered
when anticipating the home care logistics for patients with complex
medical needs and neurodevelopmental disability, and when designing
interventions to optimize post-discharge outcomes.

3.3. Limitations

Loss to follow-up is a common problem in accurately assessing
neurodevelopmental outcomes, particularly in the United States [28].
Follow-up bias may result in overestimates or underestimates of true
rates of disability; on one hand, parents of children who appear to be de-
velopmentally “normal” may not be as likely to engage in follow-up,
while on the other hand, the challenges of caring for children with sig-
nificant disabilities may also result in decreased adherence to follow-
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up studies [28]. Although patient characteristics known to be associated
with severe disability were similar in the evaluated and nonevaluated
cohort, leading us to conclude that the infants evaluated were likely a
fairly representative sample, the follow-up rate of 49% of infants with-
out NEC, which was higher than the 45% follow up rate of infants with
NEC (P < 0.01) may result in under- or overestimation of the true prev-
alence of disability and healthcare needs. The higher proportion of
outborn infants with surgical NEC may have contributed to this differ-
ence in follow-up rates; when follow-up rate was compared only for in-
born infants, there was no difference between infants with and without
NEC (P = 0.33). Children with socioeconomic disadvantages, including
lower caregiver education levels, tend to have more barriers to partici-
pating in follow-up and lower follow-up participation [20,28]. Maternal
race (reported during initial NICU stay), which in the United States has
significant covariance with socioeconomic disadvantage [20], was clas-
sified as nonwhite for 49% of the nonevaluated surviving infants com-
pared with 41% of those evaluated at follow-up. Sociodemographic
characteristics of infants at follow-up, which are known to impact de-
velopmental outcomes, may not be equivalent between evaluated and
nonevaluated infants.

It is difficult to know whether these data are generalizable for all in-
fants, or only for those treated and followed at institutions that participate
in this multicenter quality improvement collaborative. Participating cen-
ters may have more robust neurodevelopmental services, or conversely
may see particularly complex patient populations. Socioeconomic and de-
mographic risk factors impact neurodevelopmental outcomes, and these
baseline population characteristics vary across centers. The racial and so-
cioeconomic status of children in this cohort may reflect the demo-
graphics of populations served by the participating centers, but is also
influenced by the higher rate of very preterm and very low birth weight
infants born to nonwhite mothers in the United States [29].

In the absence of direct examination of the bowel at laparotomy or
postmortem examination, as is the case for infants who undergo prima-
ry peritoneal drainage, it is not possible to determine with certainty
whether bowel perforation was because of NEC or spontaneous intesti-
nal perforation. While infants with both conditions are known to be at
increased risk of mortality and neurodevelopmental morbidity [30]
this study does not define any differences in outcomes between these
two groups.

The assessment of an individual's neurodevelopmental abilities at
18-24 months corrected age is ultimately not as important as how
that individual will function once they reach school age, or as an adult.
Critiques of the Bayley Infant Developmental Scales show that while
low BSID scores may have insufficient sensitivity to detect subtle dis-
ability present by the time the child reaches school age (particularly
BSID-III), the specificity for severe disability, still present at school age,
approaches 100% for scores <70 (more than two standard deviations
below the mean) [31,32]. Therefore, the true rates of disability may be
even higher than that detected on the assessment of these individuals
as at 18-24 months.

4. Conclusion

Extremely low birth weight survivors of necrotizing enterocolitis were
at significantly (p < 0.001) increased risk for severe neurodevelopmental
disability, postdischarge surgery, and tube feeding at 18-24 months
corrected age. Notably, in our cohort 38% of survivors with a history of sur-
gical necrotizing enterocolitis demonstrated severe neurodevelopmental
disability, 48% underwent postdischarge operations, more than half re-
quired rehospitalizations for medical reasons, and a quarter required
tube feeding at home. The social determinants of health are intrinsic to un-
derstanding and optimizing outcomes for these children, as various
markers of socioeconomic disadvantage result in predisposition to preterm
birth, negatively influence neurodevelopmental outcomes, and impact the
experience of families providing long term care for medically complex chil-
dren at home. We hope that these data can help inform the prognosis of

infants with medical and surgical necrotizing enterocolitis, drive interven-
tions to improve the quality of survival, and inform discussions of
healthcare utilization for these infants.
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Appendix A. Discussions
Brenna Fullerton, Boston MA.

GAIL BESNER (Columbus, OH) Thank you for a lovely presentation.
These data are obviously very important apropos of the NECS trial
that Marty Blakely is conducting now, and so my question to you
is of the patients with surgical NEC did you differentiate those
who had a laparotomy versus those who had peritoneal drainage,
and was the outcome different in either of those two categories?

BRENNA FULLERTON Unfortunately, in the Vermont Oxford Network
data, that differentiation only started to be made halfway through
this study collection period, so hopefully going forward there will
be more information available on that, but we did not include
that distinction in this analysis. We do know from prior analysis
that those who receive PPD as their initial choice of treatment
are in general a sicker cohort of course, and so it would be difficult
to determine whether any difference in outcomes were owing to
baseline infant characteristics versus the choice of treatment, but
it certainly is something that we will have more data on in years
to come.

STEVE STYLIANOS (New York, NY) Ithinkin this day and age people
are going to look at anesthesia and wonder about the impact of
anesthesia on the surgical cohort. Can you see a way in future
studies to tease any information out about that, and did any of
the group with medical NEC have say a ductus ligated or have ex-
posure to anesthesia that could be looked at as a subgroup?
Thank you.

BRENNA FULLERTON Yes. In the group with medical NEC, about 24%
did have some form of surgery within their initial hospitalization.
I do not recall the exact percent with ductus ligated, although we
do have data on that. I think it is hard to say what the contribution
of anesthesia is in particular to these infants because they have so
many impacts within their hospital stay on their neurodevelopmental
outcomes be it nutritional, transfusion thresholds, oxygen — almost
anything that is happening in the field of neonatologist in the care
of extremely low birth weight infants seems to impact the
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neurodevelopmental outcomes, so while anesthesia is a vital com-
ponent to consider, I think it is really hard to tease out from all of
the other morbidities and exposures that these infants have.

HENRI FORD (Los Angeles, CA) So your work clearly corroborates what
has been reported by the Neonatal Research Network, from the
work Marty Blakely has been doing and others. What do you feel is
the incremental improvement in the current literature or our cur-
rent understanding of this problem that your work brings to the
forefront?

BRENNA FULLERTON I think the strength of the work is really the very
large number of infants, and I think that it can therefore be seen as
somewhat benchmark data for this large cohort of infants with pro-
spectively collected data and standardizes analyses, so I think it is
helpful in those regards. In addition, I think one of the strengths of
the Vermont Oxford Network's data is the definition of necrotizing
enterocolitis. In various follow up studies, the definition for the orig-
inal cases can vary, but the VON definition is fairly strict requiring at
least a Bell's stage II, and we did in more detail examine the medical
and surgical group, so I think it is helpful in that regard.

UNIDENTIFIED SPEAKER So you used 1000 g and 1000 g I am sure at
risk for neurodevelopmental complications anyway. Did you look
at the 1500-g mark, since those patients also develop NEC as an
outcome?

BRENNA FULLERTON We did not simply because the follow up study is
set to follow up in a standardized fashion just the 1000-g and below
infants. We do not have data on the larger infants at least collected in
a standardized way.
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