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ABSTRACT

Objective: To compare outcomes after surgically managed necrotising enterocolitis (NEC) and focal in-
testinal perforation (FIP) in infants <32 weeks requiring transfer to or presenting in a single surgical
centre.

Design: Retrospective review of transferred and inborn NEC or FIP, from January 2013 to December 2020.
Patients: 107 transfers with possible NEC or FIP contributed 92 cases (final diagnoses NEC (75) and FIP
(17)); 113 inborn cases: NEC (84) and FIP (29).

Results: In infants with a final diagnosis of NEC, medical management after transfer was as common as
when inborn (41% TC vs 54% p = 0.12). Unadjusted all-cause mortality was lower in inborn NEC (19% vs
27%) and FIP (10% vs 29%). In infants undergoing surgery unadjusted mortality attributable to NEC or FIP
was lower if inborn (21% vs 41% NEC, 7% vs 24% FIP). In regression analysis of surgically treated infants,
being transferred was associated with increased all-cause mortality (OR 2.55 (1.03—6.79)) and mortality
attributable to NEC or FIP (OR 4.89 (1.80—14.97)).

Conclusions: These data require replication, but if confirmed, suggest that focusing care for infants at
highest risk of developing NEC or FIP in a NICU with on-site surgical expertise may improve outcomes.

© 2023 Elsevier Inc. All rights reserved.

1. Introduction

Necrotising enterocolitis (NEC) or focal intestinal perforation
(FIP) occur in around 10% of infants born <32 weeks gestation [1]
and many require surgical assessment. Many at-risk infants are in a
tertiary level neonatal intensive care unit (NICU) when disease
presents, but some will not have on-site surgical expertise and
require transfer, potentially whilst seriously unwell. A minority
present in lower acuity special care units (SCU). These infants also
require transfer for surgical assessment.

In the UK treatment for FIP is almost universally surgical [2], and
difficulty remains in differentiating NEC and FIP [3,4]. Infants with
recognised perforation require immediate transfer to a surgical
centre but it is less easy to define the optimal transfer window in
those with more insidious disease [5—8] and thresholds for transfer
vary [9]. Transfer of the critically ill patient is associated with
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significant risk and is known to increase morbidity and mortality in
other patient groups (Sampalis 1995, Fan 2006).

Surgical NEC is associated with up to 50% mortality [10,11] and
FIP with a 20% mortality [12,13]. Infants who survive NEC or FIP
have prolonged hospital stays, potential long term parenteral
nutrition, and an increased risk of neurodevelopmental complica-
tions [11,14].

Predictive factors for outcome after NEC suggest gestation is
most important [15] but there are few data on whether outcomes
differ depending on need for transfer to a surgical centre, and what
may affect any differences. Two previous studies in the USA and
Australia did not find an association between mortality and transfer
for NEC [16]. We could not identify any similar data for infants with
FIP, nor literature distinguishing transfer with known perforation
from that without.

The Northern Neonatal Network covers an area of ~12,000 km?
and a population just over 3 million. There are 12 neonatal units
comprising three tertiary-level NICUs (one of which provides
neonatal surgery), no level 2 units and seven level 1 units (prior to
2018 one of the level 1 units was a NICU). Since 2016 there has been
a single regional transport team (Northern Neonatal Transport
Service, NNeTS), co-located with the surgical NICU. Before this, two
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unit-based teams undertook transfers (one in the North and one in
the South). Travel times to the surgical NICU from across the region
are 20—120 min (Fig. 1).

As neonatal networks continue to develop and reconfigure, and
to guide decisions around optimal location of care for highest risk
infants, we aimed to determine case mix, management and out-
comes for infants likely to require abdominal surgery for NEC and
FIP, and compare differences between infants requiring transfer to
the surgical centre (transferred cases, TC), with those presenting at
the surgical centre (inborn). We also attempted to identify the
number of cases with NEC neither referred to nor actually trans-
ferred to the surgical centre (non transferred cases (NTC)).

We hypothesised that there would be a difference in outcomes
between infants with NEC or FIP presenting in a non-surgical centre
and referred for transfer, compared to those presenting in a surgical
neonatal unit.

2. Methods
2.1. Case identification

2.1.1. Transferred cases (TC)

Referrals for possible NEC or perforation with birth gestation
<32 weeks, transferred to the surgical centre between January 2013
to December 2020 were identified from a manual search of the
transport service database, cross-checked with electronic case re-
cords (BadgerNet™), the surgical unit research database and hos-
pital coding lists for NEC and FIP to ensure all cases were identified.
To the best of our knowledge during the study period no infant was
referred to the regional centre but actually transferred out of region
and no infant referred directly out of region.

2.1.2. Inborn cases

Infants with a diagnosis of NEC or FIP who presented in the
surgical unit were identified for the same period using the same
cross-checking approach.

‘ Level 1 SCBU o

. Level 3 NICU (Non surgical)

ALeveI 3 NICU (Surgical)

2.1.3. Non transferred cases (NTC)

Network data in BadgerNet™ was interrogated to identify total
regional admissions with birth gestation <32 weeks and total
regional NEC cases. This cross check with total regional NEC cases
was undertaken in a bid to ensure that NEC cases were not being
missed from this study (i.e occurring and not being referred for
potential transfer).

2.14. Data collection

Demographic and outcome data (gestation, birthweight, feed
type, gender, time to full feeds, antenatal steroid receipt, mortality
prior to discharge from neonatal care, cause of death) were
extracted from electronic records and transport specific data
(postnatal age, clinical condition at referral, referral diagnosis,
management before transfer) from transport database.

2.1.5. Case classification/definitions

British Association of Perinatal Medicine (BAPM) levels of care
were used and transfer classifications are as defined by BAPM and
the Neonatal Transport Group (NTG) [17,18] and constitute: time
critical — departure should be within 1 h of the start of the referral
call; stabilisation time: time from arrival at referral unit to de-
parture. All cases were reviewed by two independent clinicians
(CG, JB) using definitions previously published [3,19]. NEC and FIP
were classified using all available information including histology
to differentiate the two [3]. Surgical NEC (NECS) was confirmed at
laparotomy (clinically and histologically where resection
occurred). In infants who died before surgery classification as
NECS required a definitive diagnosis of NEC. Death directly
attributable to NEC or FIP was defined as NEC or FIP being the
primary certified cause of death. Combined moderate or severe
neurodevelopmental impairment at two years was defined by
delay in development of at least 6 months as determined by the
Bayleys scale of infant development.

Time to surgical NICU from

Level 1 SCBU Level 3 NICU (NS]
A: 60 minutes H: 30 minutes

B: 120 minutes  I: 60 minutes
C: 30 minutes
D: 20 minutes
E: 40 minutes
F: 45 minutes
G: 50 minutes

Fig. 1. Map of Northern Neonatal Network showing location of neonatal services and geographic region covered by NNeTS.
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2.2. Statistics

Statistical analysis used GraphPad Prism. Mann—Whitney U test
was used to determine differences between non-parametric data,
and %2 test to analyse differences in frequencies between cohorts.
Logistical binomial regression analysis was undertaken, firstly with
a univariate model, then subsequently using a multivariate model
to adjust for confounding factors.

3. Results
3.1. Transferred infants

107 infants were transferred with a relevant suspected diag-
nosis: perforation (either NEC or FIP (22), NEC without perforation
(66) or abdominal symptoms without specific diagnosis from
referral team (19)) (Table 1). No infant died after referral but before
transfer. 92 had a final diagnosis of NEC (75) or FIP (17), and 15 had
non-surgical diagnoses. All 22 infants considered to have perfo-
rated at referral had this confirmed at laparotomy, and an addi-
tional 13 cases were identified at laparotomy.

3.2. Stabilisation and transfer

23% (25/107) of all referrals were categorised as time critical at
referral (for suspected perforation (16) or cardiorespiratory dete-
rioration (9)) and target time to retrieve was met for all. Stabilisa-
tion time was significantly longer for infants referred with
suspected perforation compared with other referral diagnoses
(p = 0.02), and these infants more frequently were receiving
invasive ventilation and inotropic support (Table 1).

3.3. Inborn NEC and FIP infants

In the same period, 84 inborn infants were diagnosed with NEC,
and 29 with FIP.

3.4. Network data

In the same period BadgerNet™ identified 2961 admissions <32
weeks alive at 48 h and eligible for NEC outcomes across the
network and a total of 79 regional NEC cases were recorded in
BadgerNet.

3.5. Demographics of transferred and inborn NEC and FIP infants

Demographics are shown in Table 2 by final diagnosis. Inborn
infants with NECwere born at alower gestational age (and had lower
birthweight) and presented earlier than TC but other demographic
factors were similar. FIP cases were similar demographically

Table 1
Referral and transfer.

whether inborn or transferred. Receipt of maternal milk differed
significantly with inborn cases of both types, being more likely to
receive maternal milk. One infant in both the inborn and outborn
cohorts had major congenital cardiac disease (one hypoplastic left
heart syndrome, and one tricuspid atresia) and one inborn infant
had an antenatally diagnosed congenital diaphragmatic hernia.

3.6. Management of NEC and FIP

59% transferred NEC underwent a laparotomy, compared to 46%
of inborn NEC (p = 0.12). For transferred cases with surgical NEC
(NECS), time from symptoms to referral was less than 24 h in 80%;
for the remaining 20% median time to referral was 6 days (IQR
2—10)). Pan-enteric disease was seen in 25% of transferred NECS
infants compared to 5% inborn NECS (p = 0.08), and all infants with
pan-enteric NEC were palliated. An additional three transferred
NECS infants received palliative care due to clinical deterioration
before (2) or during (1) laparotomy; this did not occur in inborn
cases. Median resection length in transferred non pan-enteric
surgical NEC was 11 cm (IQR 5—40 cm) compared to 10 cm (IQR
5—15 cm) for inborn NEC (Table 3).

Of the 25 infants transferred as time critical 21 (84%) under-
went laparotomy within 24 h, compared with 31% (21/87) of those
non time critical transfers (p < 0.01). Most (83%) transferred in-
fants with a final diagnosis of FIP were referred less than 24 h after
onset of symptoms, and the remaining three infants were referred
at two, two and four days respectively. After transfer time to
surgery from arrival was <24 h in 75% infants with final diagnosis
of NECS and 88% with final diagnosis of FIP. In inborn infants time
to surgery from diagnosis was <24 h in 49% NECS and 90% FIP
(Table 3).

3.7. Outcomes

26 (24%) of all transferred cases died. Final diagnoses for the
referral episode in transferred non-survivors were NEC (20), FIP (5)
and late onset sepsis (LOS) (1). For infants with a final diagnosis of
NEC or FIP unadjusted all-cause mortality was lower in inborn in-
fants (19% vs 27% NEC, 10% vs 29% FIP) as was unadjusted death
directly attributable to NEC (21% vs 41%) or FIP (7% vs 24%) (defined
as the primary certified cause of death) and this attributed mor-
tality was statistically significantly higher in transferred cases in
unadjusted analysis (Table 3). Infants who were transferred and
died of NEC or FIP were exclusively from non-surgical tertiary units,
and not level 1 units. For surgically managed infants only, in
regression analysis adjusted for gestation, sex, mode of delivery,
antenatal steroid receipt, breast milk receipt at full feeds and during
or prior to establishment of the neonatal network, being trans-
ferred significantly impacted both all-cause mortality (OR 2.55 (95%
CI 1.03—-6.79)) and mortality attributable to NEC or FIP (OR 4.89

Referral diagnosis

p value (perforated compared

Median and IQR or n (%) Perforation

NEC (not perforated)

Abdominal concerns with NEC and other)

(FIP or NEC) (22) (66) (other) (19)

Referred by Level 3 unit (%) 21 (95) 46 (70) 11 (58) <0.01
Suspected perforation at referral (%) 22 (100) 0 0 n/a
Time critical (%) 22 (100) 3(5) 0 <0.01
Stabilisation time, minutes (IQR) 99 (65—120) 83 (59-93) 69 (60—80) 0.02
Intubated at point of referral (%) 19 (86) 31 (52) 10 (59) <0.01
Intubated for transfer (%) 21 (95) 46 (70) 10 (59) <0.01
Inotropic requirement (%) 8 (36) 5(8) 0 <0.01

bold value indicates significant difference
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Table 2
Demographic information.
Final diagnosis NEC (159) FIP (46)
Median and IQR or n (%)  Total NECS NECM Inborn (29) TC (17)
Inborn (84) TC (75) Inborn (39) TC (44) Inborn (45) TC (31)
Gestation 26 (24.5-274) 27.1(25-28.7) 25.7(24.4-25.7) 26.9(24.6—-28) 26.9 (24.6—27.8) 28 (26.3—294) 26.1(24.3—29.4) 26(24.2
27.2)
>28w 15 (18) 29 (39) 6 (15) 12 (27) 9 (20) 17 (55) 9 (31) 3(18)
<28w 69 (82) 46 (61) 33 (85) 32(73) 36 (80) 14 (45) 20 (69) 14 (82)
Birth weight 800 (620—910) 917 (673—1370) 800 (630—930) 819 (660—1027) 845 (625—980) 1100 (740—1370) 869 (716—1213) 908
(617—1073)
Male 55 (65) 50 (67) 26 (67) 24 (55) 29 (64) 19/31 (61) 23 (70) 11 (61)
Day of onset of symptoms 17 (12—30) 24 (14-33) 16 (12—23) 19 (12-27) 23 (14-37) 28 (20—-35) 3(3-8) 4(2-10)
Mode of delivery - CS 39 (44) 43 (57) 18 (46) 22 (50) 21 (47) 18/31 (58) 12 (40) 5(29)
Antenatal steroids 80 (95) 72 (96) 37 (94) 42 (95) 45 (100) 30/31 (97) 28 (95) 14 (82)
Probiotics pre disease 65 (77) 28 (37) 26 (66) 17 (39) 39 (87) 11 (35) 10 (34) 2(12)
Day of life of initial milk 3 (2—4) 3(1-4) 3(2-4) 3(2-4) 3(2-3) 2(1-3) 4(2-5) 7 (2-9)
(IQR)
Maternal milk at full 75 (89) 52 (70) 32(82) 26 (59) 43 (96) 26/31 (84) 24 (83) 4(23)
feeds (any)
Maternal milk fed at full 55 (68) 34 (45) 26 (67) 20 (45) 29 (64) 14/31 (45) 16 (55) 3(18)
feeds (exclusive)
Maternal milk at disease 66 (83) 44 (59) 28 (72) 26 (59) 38 (84) 18/31 (58) 22 (76) 10 (59)
(any)
Maternal milk at disease 57 (68) 26 (35) 26 (67) 17 (39) 28 (62) 9/31 (29) 18 (62) 10 (59)
(exclusive)
Bold denotes p < 0.05.
Table 3
Management and outcomes.
Final diagnoses NEC (n) FIP (n)
n (%) (95%Cl) Inborn (84) TC (75) Inborn (29) TC (17)
Medical management only 45 (54) 31 (41) — —
[44—65] [32-54]
Surgical management 39 (46) 44 (59) 29 17
[37—-58] [49-71]
Median bowel resection length in cm (IQR)* 10 (5—15) 11 (5—43) - —
Pan-NEC 4/39 (5) 11/44 (25) - —
[4—26] [15—42]
Mortality (all cause) (%) 16/84 (19) 20/75 (27) 3(10) 5(29)
[12—30] [18—39] [4-30] [14—-61]
Mortality attributable to NECS or FIP (%) 8/39 (21) 18/44 (41) 2(7) 4 (24)
[11-38] [29-58] [2—26] [10-55]
Neurodevelopmental impairment at two years” (%) 15/36 (42) 3/13 (23) 4/15 (27) 2/5 (40)
[28—61] [9-62] [12—-62] [14-67]
Neurodevelopmental impairment or death at two years” (%) 28/49 (57) 23/33 (70) 8/19 (42) 7/10 (70)
[45—73] [56—87] [25-71] [47—-86]

Bold denotes p < 0.05.
@ Pan-NEC excluded.
b Moderate or severe neurodevelopmental impairment (at least 6 months delay) in survivors for whom data available (data not available or infants too young in some cases).

Table 4
Regression analysis showing adjusted odds ratios (aORs) for mortality for surgical NEC and FIP infants.

Surgical NEC and FIP (combined) aOR (95% CI) (p)

All-cause mortality NEC or FIP related mortality

Cohort TC versus inborn 1.54 (1.03-6.79) (0.03) 24 (1.14-5.32) (0.02)
Gestation at birth Each additional week 0.27 (0.11-0.87) (0.01) 0.88 (0.72—1.05) (0.17)
Female Versus male 0.51 (0.11-0.61) (0.04) 0.62 (0.29—1.33) (0.22)
Breastmilk at full feeds Yes versus no 0.67 (0.28—1.55) (0.35) 1.01 (0.34—3.22) (0.99)
Delivery mode Vaginal versus caesarean 1.33 (0.53—3.40) (0.54) 1.84 (0.83—4.17) (0.13)
Antenatal steroids Yes versus no 0.95 (0.19—3.91) (0.95) 0.61 (0.12—3.49) (0.55)
Neonatal Network Yes versus no 1.39 (0.31-6.04) (0.65)

Bold denotes p < 0.05.

(95% CI 1.80—14.97)), (Table 4). Infants who died were of the same impact mortality (48% vs 37% p = 0.46). In six infants referred with
median gestation and birthweight whether transferred or inborn. NEC more than 24 h after symptom onset mortality was 50%, in
Original classification of the referral as time critical or not did not contrast to 29% in infants referred within 24 h of symptom onset.
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4. Discussion
4.1. Summary

We present the first UK data from a geographically defined
population of preterm infants with NEC or FIP evaluating the
impact of requiring transfer for surgical involvement and show
important differences in outcomes compared to inborn infants. NEC
infants requiring transfer were of a higher gestation (and birth-
weight), with later presenting disease and were less likely to
receive breast milk. Transferred infants were more likely to have
pan-enteric disease and had higher mortality due to NEC or FIP
after adjustment for potential confounders. FIP infants were similar
demographically in both groups, but transferred infants still had
higher mortality. All transferred infants with NEC or FIP attribut-
able deaths were transferred from a level 3 unit. Stabilisation and
transfer timing and duration were in keeping with national guid-
ance [17].

4.2. Comparison to published literature

In surgical NEC all-cause mortality was 43% and 38% in trans-
ferred and inborn cases respectively which compare to global
meta-analysis average surgical mortality of 34.5%, (95% CI
30.1—-39.2)[11] and UK all-cause mortality after severe NEC of 48.1%
[20]. Many studies do not separately report mortality directly
attributable to NEC, but we identified differences in disease
attributable mortality of 21% and 41% for inborn and transferred
surgical NEC infants respectively. An American study comparing
risk adjusted mortality after NEC in VLBW infants born in level 3
equivalent units without surgical capacity identified an odds ratio
(OR) for mortality of 1.5 compared to units with surgical capacity
[21]. Worse composite outcomes (death or NEC) in infants with
very low birthweights born in NICUs with lower volume of patients
or lower defined level of care has also been shown [22]. In contrast,
adjusted mortality was not statistically different depending on
need for transfer in infants with surgical NEC in America (OR for
death 0.75, 95% CI 0.42—1.32) [16] and Australia (OR for death 0.69
(95% Cl10.32 to 1.51)) [10].

4.3. Strengths and limitations

This study utilised detailed knowledge of demographic factors
and application of standard definitions with adjustment for many
confounders. However, we did not have information on some fac-
tors that may impact both NEC incidence and severity such as
antibiotic exposure [23], transfusion practices [24], or delayed cord
clamping [25].

We also did not have good data for infants with NEC or FIP that
were never referred to the regional surgical centre. Using Badg-
erNet™ to try to identify these never referred infants we identified
fewer babies with NEC regionally (79) than were already known to
us in this study (159). During this period 2961 infants < 32 weeks
were cared for regionally. Regional medical and surgical NEC rates
combined are thus 6.8% and surgical NEC rates 3.5% using infants
identified in this study and 1.9% using National Neonatal Research
Database (NNRD) identified cases. These compare to the severe NEC
rates identified nationally by region of 2.51%—3.85% [26]. Our data
include infants born at <32 weeks’ gestation, however we recog-
nise that a small proportion of infants born at greater than this
develop NEC, but presentation and referral pathways may differ.
The never-referred group may include stable babies, and we
acknowledge that identification of these data through BadgerNet
may be under-quantified or inaccurate. Infants who died prior to
laparotomy are included in inborn data, but may not be represented

in the transferred cases, and thus this does not obviously explain
the observed mortality differences in NEC which are in favour of
being inborn.

There may be a degree of unconscious bias as the authors work
in the tertiary surgical centre, however all efforts were taken to
mitigate against this by review of cases by two independent clini-
cians (CG and JB)) and reviewed by a third (RT) if there was any
disagreement.

4.4. Meaning and future studies

Diagnosis and management of NEC and FIP remains challenging
and optimal management strategies unknown. Timely surgical
intervention in those infants who require laparotomy is important
for improving outcomes, but data are limited. Our data suggest a
difference in the nature of NEC in transferred infants, with more
pan-enteric disease and worse outcomes. Given the incomplete
understanding of pathophysiology of NEC this may be due to dif-
ferences in antecedent factors in transferred cases, possibly
resulting in a difference in NEC presentation or progression. We did
identify differences in maternal milk receipt and probiotic receipt
in transferred versus inborn cases, but existing literature does not
suggest these impact on NEC presentation or severity, or the like-
lihood of pan-enteric disease. Other practices that may be antici-
pated to impact on NEC phenotype are similar across the network
including oxygen saturation targets, feeding regimes, and involve-
ment in collaborative nutrition trials. Similarly transfer itself has
not previously been associated with specific surgical findings or
outcomes. Transfers themselves met criteria for dispatch and no
infant died during transfer.

These data raise important issues. Validation of these findings
nationally could be undertaken through the NNRD given efforts
that have been undertaken to validate NEC diagnoses within Na-
tional Neonatal Audit Programme (NNAP) recently. Centralised
transport services could contribute to ensuring that all transferred
cases are identified, and surgical databases to identifying those
with final diagnoses of NEC or FIP, making a national approach to
answering this question feasible.

All transfers met national standards for time to referring unit
and stabilisation, however despite this, there was an increased
mortality in those infants born in a non-surgical centre. Additional
more difficult to measure factors may also contribute to outcomes.
These may include familiarity and experience of staff with surgical
neonates impacting recognition of conditions like NEC and
impacting on time to surgical intervention. These could potentially
be modified with outreach/network education work.

If these findings were corroborated, the data suggest that a
centralised approach that cares for infants at the highest risk of
developing NEC or FIP in a NICU with on-site surgical expertise may
reduce mortality and improve outcomes. Implications for service
delivery would not be insignificant. Transferred NEC infants had a
median gestation at birth of 27.1 weeks (IQR 25—28.7) and a me-
dian age at presentation of 24 days (IQR 14—33) meaning that care
in a surgical centre would be required for infants below 28 weeks
gestation for their first 3—4 weeks of life. This would need signifi-
cant resource or redistribution of infants and require input from
families to determine family perspectives on this. Advances in
prenatal and perinatal research (imaging, placental and cord blood
pathology, physiological monitoring and serum biomarkers) could
potentially better guide identification of those at greatest risk.
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