
BAPS-CASS National Study on 

Surgical Necrotizing Enterocolitis

Benjamin Allin, Anna-May Long, Lakhoo K, Marian Knight

On Behalf of the 

BAPS-CASS Collaboration

Amit Gupta 



Collaborators
Addenbrooke's Hospital, Cambridge Mr Marcin Kazmierski

Alder Hey Children's Hospital, Livepool Mr Simon Kenny

Birmingham Children's Hospital Ms Joana Lopes

Bristol Royal Hospital For Children Miss Eleri Cusick

Chelsea and Westminster Hospital, London Ms Gillian Parsons

Edinburgh Royal Hospital for Sick Children Miss Amanda McCabe

Evelina Childrens' Hospital, London Mr Manasvi Upadhyaya

Glasgow Royal Hospital for Sick Children Mr Gregor Walker

Great Ormond Street Hospital for Sick Children Mr Paolo De Coppi

Hull Royal Infirmary Ms Sanja Besarovic

John Radcliffe Hospital, Oxford Mr Hemanshoo Thakkar

King's College Hospital, London Ms Lucinda Tullie

Leeds General Infirmary Mr Jonathan Sutcliffe

Leicester Royal Infirmary Mr Bala Eradi

Norfolk & Norwich University Hospital Mr Andrew Ross

Our Lady's Hospital for Sick Children, Dublin Ms Nomsa Maphango

Queen's Medical Centre, Nottingham Mr Sandeep Motiwale

Royal Aberdeen Children's Hospital Mr Adnan Salloum

Royal Alexandra Children's Hospital, Brighton Miss Caroline Pardy

Royal Belfast Hospital for Sick Children Mr Ramy Waly

Royal London Hospital Mr Paul Charlesworth

Royal Manchester Children's Hospital Mr Ross Craigie

Royal Victoria Infirmary, Newcastle Mr Anupam Lall

Sheffield Children's Hospital Mr Richard Lindley

Southampton General Mr Navroop Johal

St George's Hospital, London Mr Ike Njere

The Children's University Hospital, Dublin Mr Alan Mortell

University Hospital of Wales, Cardiff Mr Bip Nandi



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

Ricketts Emory, US 1990 100 30% -
1500 (600 –

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

(ELBW)
Multicentre, US 2006 156 49% 25 (22 - 31) 729 (424 - 1000)

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 

oHighlighted 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 - 28th of February 2014 





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

• Bilious Gastric Aspirate

• Abdominal Distension

• PR bleeding

One Radiological Finding

• Pneumatosis Intestinalis

• Hepato-Biliary Gas

• Pneumoperitoneum

+

Vermont Oxford Criteria



Outcomes

• Primary

– Mortality

• Secondary

– Parenteral Nutrition Use 

– Post-operative complication 

– Discharge



Clavien-Dindo

1. Deviation from normal post-operative course without need 

for intervention

2. Requiring pharmacological treatment

3. Requiring surgical, radiological or endoscopic intervention

4. Life threatening

5. 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

Gender Male 145 (61%)

Ethnicity White British 125 (57%)

Birth-weight Median (IQR) 910g (723g-1374g)

Gestational Age 

(completed 

weeks)

≥37 17 (7%)

32 < 37 26 (11%)

28 < 32 54 (23%)

26 < 28 54 (23%)

<26 84 (36%)

236 infants enrolled in the study

82 %



Reason for referral 

• 52% - Suspected Perforation

• 35% - ‘Failure of medical therapy’



Results – Presenting Features

Presenting 
Feature

n (%)

Bilious 
aspirate/emesis

120 (51%)

Blood stained 
aspirates

18 (8%)

Abdominal 
distension

221 (94%)

Blood in stool 26 (11%)

Abdominal wall 
erythema

49 (21%)

Abdominal wall 
discolouration

52 (22%)

X-ray Features n (%)

Pneumatosis 
intestinalis

102 (43%)

Hepato-biliary gas 18 (8%)

Pneumoperitoneum 112 (47%)

Ascites 13 (5.5%)

Gasless abdomen 14 (6%)

Distended bowel 
loops

122 (52%)



Results – Presentation
Median age at presentation (IQR)

11 days (7-31)







Results - Prognostic Factors

Variable
Died <28 

days

Alive at 

28 days

Adjusted 

OR (95% 

CI)

Adjusted 

p-value

In
d

e
p

e
n

d
e

n
t

v
a
ri

a
b

le
s Gestational age 

(completed weeks)

OR 0.979 (0.90-1.1, p-

value 0.601)*

0.935 

(0.85-1.02)
0.160

Non-

cardiac 

congenital 

anomaly

Yes 11 (26%) 26 (13%)
3.42 (1.36-

8.60)
0.009

No 31 (74%) 166 (87%)

PDA 

ligation 

performed

Yes 1 (4%) 17 (15%) 0.19 

(0.025 -

1.58)

0.126
No 22 (96%) 94 (85%)

* For every additional completed weeks gestation

Uni-variate analysis of 20 Independent variable



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

• 9 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 

days
8 (3%)

Complication prior to 28 days 59/224 (27%)

Parenteral* 

Nutrition (187)

Fully Dependent 12 (6.4%)

Partially 

Dependent
98 (52.4%)

Not required 77 (41.2%)

* Of the 193 infants alive at 28 days



Results – Surgical Strategy

Variable Died <28 days
Alive at 28 

days
OR (95% CI) P-value

Resection 

and primary 

anastomosis

2 (5%) 38 (95%) 1(034- 4.04) 0.68

Resection

and stoma 12 (9.9%) 109 (90.1%)
2.09 (0.45-

9.77)
0.35

Stoma, no 

resection 7 (18%) 31 (82%)
4.29 (0.83-

22.2)
0.08

Clip and drop 

with resection 5 (50%) 5 (50%) 19 (2.9-125.3) 0.002



Entire cohort

Infants with 

laparotomy 

confirmed NEC

Infants with 

laparotomy 

confirmed SIP

Infants not 

undergoing 

laparotomy

Total number of 

infants
236* 189 (80%) 32 (14%) 12 (5%)

Mortality 43(18%) 29 (15%) 7 (22%) 7 (58%)

Number of infants 

parenteral nutrition 

free at 28 days

77 (41.2%) 64 (40.1%) 11(44%) 5 (100%)

Number of infants 

discharged home 

prior to 28 days

8 (3%) 7 (4%) 1 (3%) 0 (0%)

Clavien-Dindo 

grade two or above 

complication prior 

to 28 days

60 (27%) 48 (25%) 11 (34%) N/A



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 



Baseline	Characteristic	

Infants	
lost	to	

follow-up	
n	(%)*	
N=28	

Infants	with	
complete	

follow-up	n	
(%)*	

N=208	

p	
value	

Ethnicity	
White	British	 11	(42%)	 114	(59%)	

0.10	
Other	 15	(58%)	 78	(41%)	

Sex	
Male	 16	(57%)	 129	(62%)	

0.62	
Female	 12	(43%)	 79	(38%)	

Median	(IQR)	gestational	age	at	birth	
(completed	weeks)	

27	(26-
33)	

26	(25-30)	 0.12	

Median	(IQR)	birth	weight	(grams)		
1013	
(657-
1165)	

907	(720-
1310)	

0.15	

Ligation	of	PDA	
Yes	 3	(11%)	 15	(7%)	

0.48	
No	 24	(89%)	 192	(93%)	

Non-cardiac	
congenital	anomaly	

Yes	 3	(11%)	 23	(11%)	
1.00	

No	 24	(89%)	 184	(89%)	
Abdominal	wall	

erythema	or	
discolouration	at	

presentation	

Yes	 7	(25%)	 65		(31%)	

0.5	
No	 21	(75%)	 143	(69%)	

Operative	diagnosis	
of	SIP#	

Yes	 0	(0%)	 32	(16%)	
0.02	

No	
27	

(100%)	
162	(84%)	

Surgical	procedure	

Resection	and	
Primary	

Anastomosis	
5	(19%)	 35	(17%)	

0.83	

Resection	and	
stoma	

formation	
16	(62%)	 105	(51%)	

Stoma	without	
resection	

4	(15%)	 34	(16%)	

Clip	and	drop	
with	resection	

1	(4%)	 9	(4%)	

Open	and	close	
laparotomy	

0	 10	(5%)	

Negative	
Laparotomy	

0	 2	(1%)	

Drain	only	 0	 6	(3%)	
No	surgical	

intervention	
0	 6	(3%)	

	



Sub-group 

of infants 

Total 
Number 

of 
infants 

Status at 28-days post-
intervention 

One year mortality rates 

Died 
prior to 

28 
days 
(% of 
total) 

Alive at 28 
days with 
confirmed 
one year 
survival 

status (% of 
total) 

Conservative 
estimated one 
year mortality 
rate (95% CI) 

Predicted 
one-year 
mortality 
rate (95% 

CI) 

Largest 
estimated 
one-year 
mortality 

rate 

Entire 
cohort 

236* 
43 

(18%) 
160 (68%) 25% (20%-31%) 

26% (21%-
33%) 

39% (33%-
46%) 

Confirmed 
NEC 

189 
29 

(15%) 
130 (69%) 22% (16%-28%) 

23% (17%-
30%) 

38% (31%-
45%) 

Confirmed 
SIP 

32 7 (22%) 21 (78%) 34% (19%-53%) 
34% (19%-

53%) 
34% (19%-

53%) 

No 
laparotomy 
performed 

12 7 (58%) 4 (33%) 58% (28%-84%) 
58% (28%-

84%) 
67% (35%-

90%) 

Infants 
≤1500g 

189 
34 

(18%) 
129 (68%) 26% (20%-33%) 

28% (22%-
35%) 

40% 
(33%_48%) 

	



Independent variables associated with a lower odds of one year 
mortality 

Pre-operative 
Characteristic OR (95% CI) aOR (95% CI) 

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 
Characteristic 

Died n 
(%) 

N=59 

Alive n 
(%) 

N=149 

OR 
(95% 
CI) 

aOR (95% CI) 

Inotropes 
required at time 
of decision for 

surgery* 

Yes 
32 

(54%) 
43 

(30%) 
2.8 

(1.4-
5.4) p 
=0.001 

3.1 (1.6-6.3) p=0.001 

No 
27 

(46%) 

100 
(70%) 

Non cardiac 
congenital 
anomaly* 

Yes 
10 

(17%) 
13 

(9%) 
2.0 

(0.8-
5.6) 

p=0.1 

8.5 (2.6-27.5) p<0.001 
No 48 

(83%) 
131 

(91%) 

	



Morbidity 

Further procedures

196  subjects 

One further 
procedure 

68 (35%)

Two 

31 (16%) 

Three 

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%)

High output 

3 – closure 
considered better 

than revision



IFLAD – 10% 

15

3

Type 1

9

Type 2

1

Type 3



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 

laparotomy in the US?

• Higher threshold for undertaking 

laparotomy? 

• 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 



Figure 1 

The Lancet Gastroenterology & Hepatology 2017 2, 43-51DOI: (10.1016/S2468-1253(16)30117-0) 
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Figure 2 

The Lancet Gastroenterology & Hepatology 2017 2, 43-51DOI: (10.1016/S2468-1253(16)30117-0) 

Copyright © 2017 Elsevier Ltd Terms and Conditions

http://www.elsevier.com/termsandconditions


Figure 3 

The Lancet Gastroenterology & Hepatology 2017 2, 43-51DOI: (10.1016/S2468-1253(16)30117-0) 

Copyright © 2017 Elsevier Ltd Terms and Conditions

http://www.elsevier.com/termsandconditions


Few Isolated Areas



Necrosis +Demarcation



Sealed Perforation with no 

Demarcation



Multifocal NEC



Pan-intestinal NEC



Results – Surgical Strategy

Variable Died <28 days
Alive at 28 

days
OR (95% CI) P-value

Resection 

and primary 

anastomosis

2 (5%) 38 (95%) Reference Reference

Resection

and stoma 12 (9.9%) 109 (90.1%)
2.09 (0.45-

9.77)
0.35

Stoma, no 

resection 7 (18%) 31 (82%)
4.29 (0.83-

22.2)
0.08

Clip and drop 

with resection 5 (50%) 5 (50%) 19 (2.9-125.3) 0.002



Key Messages
Outcomes 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

n (%)

Bilious 
aspirate/emesis

120 (51%)

Blood stained 
aspirates

18 (8%)

Abdominal 
distension

221 (94%)

Blood in stool 26 (11%)

Abdominal wall 
erythema

49 (21%)

Abdominal wall 
discolouration

52 (22%)

X-ray Features n (%)

Pneumatosis 
intestinalis

102 (43%)

Hepato-biliary gas 18 (8%)

Pneumoperitoneum 112 (47%)

Ascites 13 (5.5%)

Gasless abdomen 14 (6%)

Distended bowel 
loops

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

Ricketts Emory, US 1990 100 30% -
1500 (600 –

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

(ELBW)
Multicentre, US 2006 156 49% 25 (22 - 31) 729 (424 - 1000)

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

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


