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Introduction

« Single Center - Oxford —review of notes 2006 to 2010 data — analysed in
2013

(Lakhoo K, Morgan RD, Gupta A, (2015)
Exploratory laparotomy in the management of confirmed necrotizing
enterocolitis, in Annals of Pediatric Surgery April 2015, 11(2), 123-126. )



Surgical NEC : Retrospective Series

Paper Centre Year n Mortality GA BW
Touloukian New York, US 1967 25 76% 22-39 72% < 2500
. 1500 (600 —
Ricketts Emory, US 1990 100 30% -
3800)
Horwitz Multicentre, US 1995 252 28% 31+/-5 1552+/-823
Ladd Indianapolis, US 1998 249 45% 30+/-5 1500+/-890
Gurthie Multicentre, US 2003 145 24% 27+/-3 1100+/-500
Blakely Multicentre, US 2006 156 49% 25 (22 -31) | 729 (424 - 1000)
(ELBW) ’
Cleeve RLH, UK 2011 103 48% 27 (23 - 41) | 940 (470 - 3580)
Lakhoo Oxford, UK 2012 93 52% 27-32 720 (440-1500)




National Confidential Enquiry into
Patient Outcome and Death (NCEPOD,

UK
2012:

* Delay In surgical intervention in
approximately 9% of the cases

o Highlighted need for national data
gathering to get a view of UK
mortality and morbidity



1.28 day outcomes - Allen et al — Nature
Scientific Reports — Jan 2017

2.1 year outcomes — Allen et al — Accepted In
Archives — October 2017



AIMS
Document number of infants referred for surgical
management of NEC

Perinatal risk factors
Describe management strategies

Describe outcomes - 28 days post intervention and at 1
year



Methods




Method

* Prospective
 National
 Multicentre

 1st of March 2013 - 28" of February 2014



ID Number:

British Association of Paediatric
Surgeons Congenital Anomalies
Surveillance System (BAPS-CASS)

Necrotising Enterocolitis

Data Collection Form
Infants diagnosed on or after 1st March 2013 and before 1st April 2014

Include:

i. Al infants with suspected NEC where a decision for surgery was made, irmespective of whether
surgeny was parformed.

ii. Al infants subsequantly found o have SIP.

Exclude:
All infants whara the final diagnosis is NOT NEC or 51P, ag volvulus

Case Definition:
1. Mecrotising Enterocolitis (NEC): MEC is defined using the following criteria diagnosead at surgery,
at postmortam examination or clinically and radiographically:

Al lzast one of the following clinical signs present:
= Bilious gastric aspirate or emesis
= Abdominal distension
=  Ocoull or gross blood in stool (no fissure)
AND
Al least ane of the following radiographic findings presant:
»  Prneumalosis intestinalis
= Hepato-biliary gas
=  Pneumoperitoneum
OR
2 Spontaneous Intastinal Perforation (SIP) : Infants who satisfy the definition of Mecrotizing
Enterocolitis above but are found 1o have a single parforation at surgery or post-mortem

Please return the completed form to:

BAPS-CASS

Mational Perinatal Epidemiology Unit
University of Oxford

Old Road Campus ~
Oxford A,
OX3 7LF :

Fax: 01865 B177TS
Phona: 01865 289714 I Ip( U

Case reported in:

A




Methods

* Inclusion
¢ Suspected NEC with decision for surgery

** Whether surgery was performed or not
 SIP

* Exclusion
¢ Final diagnosis not NEC or SIP (eg volvulus)



Case Definition

One Clinical Finding One Radiological Finding
Bilious Gastric Aspirate - Pneumatosis Intestinalis
Abdominal Distension +

« Hepato-Biliary Gas

PR bleeding
« Pneumoperitoneum

Vermont Oxford Criteria



Outcomes

* Primary
— Mortality

« Secondary
— Parenteral Nutrition Use
— Post-operative complication
— Discharge




Clavien-Dindo

Deviation from normal post-operative course without need
for intervention

Requiring pharmacological treatment
Requiring surgical, radiological or endoscopic intervention
Life threatening

Death



Independent Variables

Gender

Ethnicity

Reversed End Diastolic Flow
Absent End Diastolic Flow
Antenatal corticosteroids
Gestational age (completed weeks)
Birth-weight (per 50g change)
Non-PDA Cardiac Surgery

Other Congenital anomalies
Transferred in to surgical centre
PDA ligation performed
Indomethacin for PDA Closure
Umbilical Catheter ever used
Enterally fed at time of diagnosis
Non breast milk at diagnosis

Blood Transfusion less than 2 weeks prior to diagnosis

SIP



Statistical Analysis

Multivariate Logistic Regression
Analysis



Response Rate

* 93%
* Any missing data was re requested

* Any doubt of the diagnosis the form was
excluded



Results — Demographics

236 Infants enrolled in the study

Gender Male 145 (61%)
Ethnicity White British 125 (57%)
Birth-weight Median (IQR) 9109 (723g-1374q)
=237 17 (7%)
82 %
32 <37 26 (11%)
Gestational Age
(completed 28 < 32 54 (23%)
weeks)
26 < 28 54 (23%)

<26 84 (36%)




Reason for referral

* 52% - Suspected Perforation

* 35% - ‘Failure of medical therapy’



Results — Presenting Features

Presenting
Feature
Bilious
aspirate/emesis
Blood stained
aspirates
Abdominal
distension
Blood in stool

Abdominal wall
erythema
Abdominal wall
discolouration

n (%)
120 (51%)

18 (8%)
221 (94%)

26 (11%)
49 (21%)

52 (22%)

X-ray Features

Pneumatosis
intestinalis

Hepato-biliary gas
Pneumoperitoneum

Ascites

Gasless abdomen

Distended bowel
loops

n (%)
102 (43%)

18 (8%)
112 (47%)

13 (5.5%)
14 (6%)

122 (52%)



Results — Presentation

Median age at presentation (IQR)
11 days (7-31)

Mumber of Infants

Age in days at presentation with NEC
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Age at presentation with first symptoms of NEC (days)
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Correlation between gestational age at birth and age at presentation
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236 infants

Vw
3
Intra-abdominal drain ;., No intervention
m
Laparotomy
224 infants
(95%)

Negative Resection Resection Stoma Clip and drop Open and
laparotomy and primary and stoma formation with close
(0.9%) anastomosis formation alone resection laparotomy

(18%) (55%) (17%) (4.5%) (4.5%)



Results - Prognostic Factors

Uni-variate analysis of 20 Independent variable

: : Adjusted :
Variable Died <28 Alive at OR (95% Adjusted
days 28 days c) p-value
" Gestational age OR 0.979 (0.90-1.1, p- 0.935 0.160
% (completed weeks) value 0.601)* (0.85-1.02) '
©
g Non- Yes 11 (26%) | 26 (13%)
= cardiac 3.42 (1.36- 0.009
5 || congenital No 31 (74%) | 166 (87%) | 8:60)
S anomaly
g PDA Yes 1(4%) | 17(15%) | 0.9
= ligation (0.025 - 0.126
performed No 22 (96%) | 94 (85%) 1.58)

* For every additional completed weeks gestation




Congenital anomalies

Urological anomalies
—  Pelvicalyceal dilatation
- Hypospadias
—  Hydronephrosis
- MCDK
— Renal cysts
Limb anomalies
—  Bilateral talipes
—  Congenital deformity of hip
Neurological anomalies or cranial malformations
—  Ventriculomegaly
Gastrointestinal anomalies
—  Gastroschisis
Facial anomalies
—  Cleft palate

Situs inversus

Genetic and chromosomal anomalies
—  Trisomy 21
—  Cri Du Chat
—  Walker Warburg Syndrome
—  Trisomy 2
Airways
—  Tracheomalacia
—  Pulmonary hypoplasia
—  Glottic stenosis



Post op

* 163 (73%) had no complications

« 59 (27%) developed at least one post-
operative complication.



59 (27%) cases

« 27 stoma complications
« 20 wound sepsis

O Intra-abdominal collections



2 Incisional hernias,

2 episodes of further necrosis, 1 inflamed
scrotum,

3 anastomotic leaks,

2 enterocutaneous fistulae, 1 further
perforation,

1 episode of milk obstruction, 1 sepsis of
unknown source, and 1 liver injury.



Results - Outcomes

28 day Outcome n (%)
Died prior to 28 days 43 (18%)
Discharged home prior to 28 8 (3%)

days

Complication prior to 28 days

59/224 (27%)

Parenteral*
Nutrition (187)

Fully Dependent

12 (6.4%)

Partially
Dependent

Not required

77 (41.2%)

* Of the 193 infants alive at 28 days




Results — Surgical Strategy

Alive at 28

Variable Died <28 days days OR (95% CI) P-value
Resection
and primary 2 (5%) 38 (95%) 1(034- 4.04) 0.68
anastomosis
Resection )
and stoma 12 (9.9%) 109 (90.1%) 2'03 é(;')45 0.35
Stoma, no }
resection 7 (18%) 31 (82%) 4.29 (0.83 0.08

22.2)

Clip and drop




Infants with Infants with Infants not
Entire cohort laparotomy laparotomy undergoing
confirmed NEC confirmed SIP laparotomy
Total number of
| 236* 189 (80%) 32 (14%) 12 (5%)
infants
Mortality 43(18%) 29 (15%) 7 (22%) 7 (58%)
Number of infants
parenteral nutrition | 77 (41.2%) 64 (40.1%) 11(44%) 5 (100%)
free at 28 days
Number of infants
discharged home | 8 (3%) 7 (4%) 1 (3%) 0 (0%)
prior to 28 days
Clavien-Dindo
grade two or above
160 (27%) 48 (25%) 11 (34%) N/A
complication prior

to 28 days




At 1 year

« 236 Infants at the start
« 208 infants (88%) — at One-year follow

» Data for all 32 patients who had SIP at
initial diagnosis were available at follow-up



193 survived at
28 days

160 data
available at 1
year

16 died
between 28
days and 1 year




Infants@ | Infants@vith@
lost@ol completel?
BaselineharacteristicZ follow-upd follow-upm@ ‘1) 0
n{%)*0 (%)*B valuer:
N=280 N=208[
. WhiteBritish® | 11042%)2] 114{59%)0
Ethnicity® Other® 15@58%)e] 7841068 | 0107
Malel 16[057%)8 129062%)A
Sext! Femalel | 12043%)e] _ 79m38%)8 | 0%
Median[{IQR)gestational@Age@tbirthd | 27[{26- 2P .
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Status at 28-days post-

One year mortality rates

intervention
. Alive at 28
Total Died . .
Sub-group | Number | prior to day§ with Conservative Predicted La_rgest
. confirmed . one-year estimated
of infants of 28 estimated one .
. one year . mortality one-year
infants days . year mortality d .
o survival o rate (95% mortality
(% of tatus (% of rate (95% CI) cl t
total) status (% o ) rate
total)
Entire N 43 0 0 0/.210 26% (21%- | 39% (33%-
cohort 236 (18%) 160 (68%) 25% (20%-31%) 33%) 46%)
Confirmed 29 0 0 0990 23% (17%- | 38% (31%-
NEC 189 (15%) 130 (69%) 22% (16%-28%) 30%) 45%)
Confirmed 0 0 0 0/ E20 34% (19%- 34% (19%-
SIP 32 7 (22%) 21 (78%) 34% (19%-53%) 539%) 53%)
NO 0 04- 0 0/ -
laparotomy 12 7 (58%) 4 (33%) 58% (28%-84%) °8 /04(058 o 67% (0:/35 &
performed 84%) 90%)
Infants 34 0 0 0/ 220 28% (22%- 40%
<1500g 189 1 (1g0) | 129(68%) || 26% (20%-33%) | " 3504y (33%_ 48%)




Independent variables associated with a lower odds of one year

mortality

Pre-operative
Characteristic

OR (95% CI)

aOR (95% Cl)

Birth weight (per 50g
increase)*

0.97 (0.94-0.99) p=0.05

0.95 (0.91-0.98)
p=0.004

Age at presentation to
the treating hospital
with first symptoms of
NEC (per one day
increase)*

0.98 (0.96-1.0) p =0.06

0.96 (0.94 — 0.99)
p=0.002

Independent variables associated with a raised odds of one year

mortality
Pre-operative Died n | Alive n OR
Charar():teristic (%) (%) (95% aOR (95% CI)
N=59 N=149 Cl)
Inotropes 32 43
required at time Yes (54%) | (30%) (ii_
of decision for . 100 5.4) p 3.1 (1.6-6.3) p=0.001
surgery* n
gery No || Js0s) | (70%) | =0.001
10 13
Non cardiac Yes 17%) | (9%) 2.0
congenital (50'(?' 8.5 (2.6-27.5) p<0.001
anomaly No | 48 131 .6)
(83%) | (91%) | P=0-1




Morbidity
Further procedures

196 subjects

One further

orocedure Twoo Threoe
68 (35%) 31 (16%) 3 (10%)




Further laparotomy

* 46 (24%)
« 24 — had further resection of gut

17 had new stoma formation



Stoma closure -83 (42% ) of all
procedures

83 stoma
closures
66 (80%) elective

12 (15%) 3 — closure

] considered better
High output than revision




IFLAD — 10%




At 1 year

* 12 (9%) had ongoing TPN
* 1 had Liver transplant

« 3 were still inpatient



In small babies

 GA <32 weeks : UK data — 32% mortality
(Battersby et al — 2017) — excluded SIP

« BW <1500g: USA - 35% (Hall et al) — SIP
Included in NEC

* 28% (95% CI 22%-35%) - 7% difference
with the US data



Underreported?

* Unlikely

 The UK NEC Study had 423 cases of NEC
needing laparotomy over two years

 We had 234 per year ( Ireland included)



Management differences?

* Primary peritoneal drainage alone have
approximately a 50% mortality rate

* VON :17% of infants underwent primary
peritoneal drainage alone vs. 2.5%



* Either a much sicker population of infants
that taken for surgery proceeding to
aparotomy in the US?

* Higher threshold for undertaking
aparotomy?

» Transfer to tertiary center delayed?




Counseling parents

Operated NEC has a 28% mortality

50% of deaths occur In the first 8 days
post-operatively

A further 25% between 8 days and 44
days post-operatively

A third of operated babies will have an
operative complication

Infant surviving without TPN at 28 days
has an excellent chance of survival



Thank you



118073 babies bor at a gestational age of 222 weeks admitted to neonatal units

!

14678 born at a gestational age <32 weeks

!

'

!

103395 at a gestational age 232 weeks

!

'

ELSEVIER

462 severe necrotising enterocolitis

Terms and Conditions
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Few Isolated Areas




Necrosis +Demarcation




Sealed Perforation with no
Demarcation




Multifocal NEC




Pan-intestinal NEC




Results — Surgical Strategy

Alive at 28

Variable Died <28 days days OR (95% CI) P-value
Resection
and primary 2 (5%) 38 (95%) Reference Reference
anastomosis
Resection )
and stoma 12 (9.9%) 109 (90.1%) 2'03 é(;')45 0.35
Stoma, no }
resection 7 (18%) 31 (82%) 4.29 (0.83 0.08

22.2)

Clip and drop




Key Messages

QOutcomes prior to 28 days

Mortality 18% (25%)

Total TPN dependent 6.4%

Complications CD >2 27%

Non-cardiac congenital anomaly worsens prognosis

Operation performed can be used as a predictor
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Results — Presenting Features

Presenting
Feature
Bilious
aspirate/emesis
Blood stained
aspirates
Abdominal
distension
Blood in stool

Abdominal wall
erythema
Abdominal wall
discolouration

n (%)
120 (51%)

18 (8%)
221 (94%)

26 (11%)
49 (21%)

52 (22%)

X-ray Features

Pneumatosis
intestinalis

Hepato-biliary gas
Pneumoperitoneum

Ascites

Gasless abdomen

Distended bowel
loops

n (%)
102 (43%)

18 (8%)
112 (47%)

13 (5.5%)
14 (6%)

122 (52%)



SIP

« 32 Infants with SIP at time of laparotomy

* No impact on mortality OR 1.54 (0.51-
4.12) p 0.35



Surgical NEC : Series

Paper Centre Year n Mortality GA BW
Touloukian New York, US 1967 25 76% 22-39 72% < 2500
_ 1500 (600 —
Ricketts Emory, US 1990 100 30% -
3800)
Horwitz Multicentre, US 1995 252 28% 31+/-5 1552+/-823
Ladd Indianapolis, US 1998 249 45% 30+/-5 1500+/-890
Gurthie Multicentre, US 2003 145 24% 27+/-3 1100+/-500
Blakely | 1 iticentre, Us | 2006 156 49% 25 (22 - 31) | 729 (424 - 1000)
(ELBW) ! 0
Cleeve RLH, UK 2011 103 48% 27 (23-41) | 940 (470 - 3580)
Lakhoo Oxford, UK 2012 93 52% 27-32 720 (440-1500)




Gestational Age at Presentation

10 15 20

MNumber of Infants

5

25 30 35 40 45 50
Gestation age (Weeks) at presentation

Median Gestational age at presentation = 30 weeks (IQR 29 — 31 weeks)



