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1Data from the following neonatal networks in the UK Neonatal Collaborative NEC Study Group (neonatal units and UKNC-NEC Study leads) were included in this study:
Cheshire Merseyside (Arrowe Park Hospital: Dr. O Rackham; Countess of Chester Hospital: Dr. S Brearey; Leighton Hospital: Dr. A Thirumurugan; Liverpool Women's: Dr. N Subhedar; Macclesfield
District General Hospital: Dr. G Whitehead; Ormskirk District General Hospital: Dr. T McBride; Warrington Hospital: Dr. C Zipitis, Dr. D Webb, Dr. H Satish; Whiston Hospital: Dr. L Chilukuri)
East of England Perinatal Network (Basildon Hospital: Dr. N Sharief; Bedford Hospital: Dr. R Kadalraja, Dr. Mittal; Broomfield Hospital: Dr. R N Mahesh Babu; Colchester General Hospital: Dr. S
Dalton; Hinchingbrooke Hospital: Dr. H Dixon; Ipswich Hospital: Dr. M James; James Paget Hospital: Dr. V Jayalal; Lister Hospital: Dr. J Kefas; Luton Dunstable Hospital: Dr. J Birch; Norfolk
Norwich University Hospital: Dr. M Dyke; Peterborough City Hospital: Dr. S Babiker; Princess Alexandra Hospital: Dr. T Soe; Queen Elizabeth Hospital: Dr. S Rubin; Rosie Maternity Hospital: Dr. A
Ogilvy-Stuart; Southend Hospital: Dr. A Khan; Watford General Hospital: Dr. S Narayanan; West Suffolk Hospital: Dr. I Evans)
Greater Manchester (North Manchester General Hospital: Dr. N Panasa; Royal Oldham Hospital: Dr. J Moise, Dr. N Maddock; Royal Albert Edward Infirmary: Dr. C Zipitis; Royal Bolton Hospital: Dr.
C Turner; St Mary's Hospital: Dr. N Edi-Osagie, Dr. E Gasiorowski; Stepping Hill Hospital: Dr. C Heal; Tameside General Hospital: Dr. J Birch, Dr. A Date; University Hospital of South Manchester: Dr.
A Elazabi)
Kent Medway (Darent Valley Hospital: Dr. A Hasib; Maidstone, Tunbridge Wells Hospital: Dr. H Kisat; Medway Maritime Hospital: Dr. G Ramadan; Queen Elizabeth Margate, William Harvey
Hospital: Dr. V Vasu)
Lancashire Cumbria (Furness General Hospital: Dr. A Olabi; Royal Lancaster Infirmary: Dr. J Fedee; Lancashire Women and Newborn Centre, Burnley: Dr. S Sivashankar; Royal Preston Hospital: Dr.
R Gupta; Victoria Hospital: Dr. Rawlingson)
Midlands Central (George Eliot Hospital, University Hospital Coventry: Dr. P Satodia; Kettering General Hospital: Dr. P Rao; Northampton General Hospital, Warwick Hospital: Dr. F Thompson, Dr. S
Gupta; Queen's Hospital Burton on Trent: Dr. A Manzoor)
Midlands North Staffordshire, Shropshire and Black Country (Manor Hospital: Dr. AK Bhaduri; New Cross Hospital: Dr. A Skinner; Royal Shrewsbury Hospital: Dr. S Deshpande; Russells Hall
Hospital: Dr. T Pillay; Staffordshire General Hospital: Dr. KK Tewary; University Hospital of North Staffordshire: Dr. K Palmer)
Midlands South West (Alexandra Hospital: Dr. A Short; Worcestershire Royal Hospital: Dr. A Gallagher; Birmingham City Hospital: Dr. J Nycyk; Birmingham Heartlands Hospital: Dr. R
Mupanemunda; Good Hope Hospital: Dr. J Meran; Birmingham Women's Hospital: Dr. I Morgan, Dr. A Bedford-Russell; Hereford County Hospital: Dr. HC Underhill)
North Central London (Barnet Hospital, Chase Farm Hospital: Dr. T Wickham; The Royal Free Hospital: Dr. V van Someren; University College Hospital: Dr. S Watkin; Whittington Hospital: Dr. R
Blumberg)
North East London (Homerton Hospital: Dr. N Aladangady; King George Hospital, Queen's Hospital: Dr. B Sharma; NewhamGeneral Hospital, North Middlesex University Hospital: Dr. L Alsford; The
Royal London Hospital, Whipps Cross University Hospital: Dr. C Sullivan)
North Trent (Barnsley District General Hospital: Dr. S Hamdan; Bassetlaw District General Hospital: Dr. HMulenga; Diana Princess ofWales Hospital: Dr. P Adiotomre; Scunthorpe General Hospital: Miss A
Jackson; Doncaster Royal Infirmary: Dr. JS Ahmed; Chesterfield North Derbyshire Royal Hospital: Dr. A Foo; RotherhamDistrict General Hospital: Dr. C Harrison; The JessopWing, Sheffield: Dr. E Pilling)
NorthWest London (Chelsea Westminster Hospital: Dr. S Uthaya; Ealing Hospital: Dr. RMathur; Hillingdon Hospital: Dr. M Cruwys; Northwick Park Hospital: Dr. C Philipp, Dr. R Nicholl; West Middlesex
University Hospital: Dr. E Eyre)
Northern (Cumberland Infirmary, West Cumberland Infirmary; Dr. P Whitehead and M Ben-Hamida; Darlington Memorial Hospital, University Hospital of North Durham: D A Bowes; James Cook
University Hospital, Friarage: Dr. N Sabrine; Queen Elizabeth Hospital, Gateshead: Dr. D Bosman; Royal Victoria Infirmary: Dr. N Embleton; South Tyneside District Hospital: Dr. R Bolton; Sunderland
Royal Hospital: Dr. M Abu-Harb; University Hospital of North Tees: Dr. C Harikumar; Wansbeck General Hospital: Dr. J Olivier)
Peninsula (Derriford Hospital: Dr. N Maxwell; North Devon District Hospital: Dr. Y Cherinet; Royal Cornwall Hospital: Dr. P Munyard; Royal Devon Exeter Hospital: Dr. N Osbourne; Torbay Hospital: Dr.
M Raman)
South East London (Guy's St Thomas' Hospital: Dr. K Turnock; King's College Hospital: Dr. A Hickey; Princess Royal University Hospital, Queen Elizabeth Hospital: Dr. O Banjoko; University Hospital
Lewisham: Dr. J Kuna)
South West London (Croydon University Hospital: Dr. A Kumar; Epsom General Hospital: Dr. K Watts; St Helier Hospital: Dr. R Shephard; Kingston Hospital: Dr. D Lindo; St George's Hospital: Dr. L De
Rooy)
South Central South Coast (North South) (Basingstoke North Hampshire Hospital: Dr. R Wigfield; Dorset County Hospital: Dr. P Wylie; Milton Keynes Foundation Trust Hospital: Dr. I Misra; Oxford
University Hospitals, Horton Hospital: Dr. N Shettihalli; John Radcliffe Hospital: Dr. E Adams; Poole Hospital NHS Foundation Trust: Dr.M Khashu; Princess AnneHospital: Dr. F Pearson; Queen Alexandra
Hospital: Dr. C Groves; Royal Berkshire Hospital: Dr. P de Halpert; Royal Hampshire County Hospital: Dr. D Schapira; Salisbury District Hospital: Dr. N Brown; St Mary's Hospital Isle of Wight: Dr. C
Burtwell; St Richard's Hospital: Dr. N Brennan; Stoke Mandeville Hospital: Dr. S Salgia; Wexham Park Hospital: Dr. R Sanghavi)
Surrey and Sussex (Conquest Hospital: Dr. G Whincup; East Surrey Hospital: Dr. K Khader; Frimley Park Hospital: Dr. A Mallik; Princess Royal Hospital, Royal Sussex County Hospital: Dr. P Amess; Royal
Surrey County Hospital: Dr. M Hardo; St Peter's Hospital: Dr. P Reynolds; Worthing Hospital: Dr. E Vamvakiti)
Trent (King's Mill Hospital: Dr. V Noble; Lincoln County Hospital and Pilgrim Hospital: Dr. AS Rao; Nottingham City Hospital, Nottingham University Hospital (QMC): Dr. S Wardle, Dr. J Dorling; Royal
Derby Hospital: Dr. M Ratnayaka)
Western (Gloucestershire Royal Hospital: Dr. J Holman; Great Western Hospital: Dr. S Zengeya; Royal United Hospital: Dr. S Jones; Southmead Hospital: Dr. P Mannix; St Michael's Hospital: Dr. P Cairns;
Taunton Somerset Hospital: Dr. RJ Mann; Yeovil District Hospital: Dr. M Eaton)
Yorkshire (Airedale General Hospital: Dr. M Babirecki; Bradford Royal Infirmary: Dr. S Oddie; Calderdale Royal Hospital: Dr. K Schwarz; Dewsbury District Hospital, Pontefract General Infirmary
(Pinderfields): Dr. D Gibson; Harrogate District Hospital: Dr. C Jampala; Hull Royal Infirmary: Dr. K Green, Dr. J Preece; Leeds Neonatal Service: Dr. K Johnson; Scarborough General Hospital: Dr. A
Hawkridge; York District Hospital: Dr. G Millman)

E-mail address: c.battersby@imperial.ac.uk (C. Battersby).
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A B S T R A C T

Objectives: To describe the use of pasteurised human donor milk (pHDM) in England and the influence of a
human milk bank in the network.
Design: Prospective observational study
Setting: All 163 neonatal units (23 networks) in England 2012–2013.
Patients: Preterm infants born at< 32weeks gestational age (GA).
Main outcome measures: Proportion of infants and care-days fed pHDM during the first 30 postnatal days by
network
Methods: We extracted daily patient-level data from the National Neonatal Research Database (NNRD). We fitted
a logistic regression of pHDM exposure on the presence of a pHDM bank within the network, with GA, BW z
score and network as covariates. Significance was assessed by the likelihood ratio (chi-squared) test.
Results: Data for 13,463 infants were included in the study. Across the networks, the proportion (95%CI) of
infants ranged from 2.0% (1.0, 3.0) to 61.0% (57.4%, 64.6%), and the proportion of care-days in which pHDM
was fed from 0.08% (0.04%, 0.10%) to 21.9% (19.9%, 24.0%). In three networks< 5%, and in seven net-
works> 30% of infants received any pHDM. Variation in the use of pHDM across networks remained significant
after adjustment for presence of a human milk bank within the network and all covariates (p < 0.001).
Conclusions: Wide variation of pHDM use in England is not fully explained by presence of a pHDM bank or
patient characteristics. This suggests clinical uncertainty about the use of pHDM.

1. Introduction

Preterm birth affects about one in ten pregnancies worldwide and is
a leading cause of death in children under the age of five years [1].
Long-term survival has improved steadily in high-income countries and
the focus of contemporary neonatal care has shifted from reducing
mortality to improving long-term outcomes and optimising nutrition.
Mother's own milk (MOM) confers a wide range of benefits, including
improved neuro-cognitive and motor outcomes, and a reduction in
sepsis. However, when MOM is unavailable, the European Society of
Pediatric Gastroenterology and Nutrition, American Academy of Pe-
diatrics and World Health Organization support the use of pasteurised
human donor milk (pHDM) for preterm infants [2–4] although robust
evidence of short and long-term benefits, particularly when used as a
supplement to MOM, is lacking [5–8]. Earlier studies surveying UK
clinicians' practices suggest wide variation in use of pHDM [9,10]. We
analysed population patient-level daily data, recorded as part of a wider
study [11], to describe how pHDM is used across neonatal networks in
England, and investigate whether presence of a pHDM bank is an in-
fluencing factor.

2. Methods

2.1. Data source

Daily clinical data are recorded by clinical teams in the UK in a
point-of-care electronic patient record (EPR). A defined data extract,
the Neonatal Dataset (NHS Information Standard SCCI595) is trans-
mitted quarterly to the Neonatal Data Analysis Unit at Imperial College
London and Chelsea and Westminster NHS Foundation Trust, where
patient episodes across different hospitals are linked, data are cleaned
and entered into a national resource, the National Neonatal Research
Database (NNRD). Contributing neonatal units (NNU) are known as the
UK Neonatal Collaborative (UKNC). The NNRD is approved by the
National Research Ethics Service (10/H0803/151), Confidentiality
Advisory Group of the Health Research Authority (8–05(f)/2010) and
the Caldicott Guardians and Lead Clinicians of contributing hospitals.
Neonatal units participating in the UKNC-NEC study committed pro-
spectively to recording a complete set of pre-specified data [11] (UK
Clinical Research Network Portfolio ID 11853; National Research Ethics
Service ref. 11/LO/1430).

2.2. Study population and variables

We extracted data from the NNRD on infants born below 32weeks
gestational age (GA) admitted to all 163 neonatal units in England over
the complete two-year period 2012–2013. We excluded infants cared
for in non-English units, without feeding data in the first two postnatal
days, all infants from one tertiary NNU due to technical problems with
data transfer, and those that received care in more than one network.
We extracted the following variables from the NNRD: gestational age
(GA) at birth, birth-weight (BW), booking network, neonatal unit on the
first day of life, daily feeding data (formula, MOM, pHDM) from day of
birth until day of discharge or death. Where daily feeding records were
missing, we made the assumption that the infant was not given that
milk.

2.3. Statistical analysis

Analyses were restricted to the first 30 postnatal days. We assessed
the proportion (95% CI) of infants fed enterally and the type of feed
exposure (pHDM, MOM, formula) within the first 2 postnatal days. For
each network, we determined the postnatal day (median, IQR) of the
first enteral feed and, where used, the first exposure to pHDM. We used
two measures to evaluate pHDM use during the first 30 postnatal days
by GA and network i) the proportion (95% CI) of infants fed any pHDM
and ii) the proportion of care-days on which pHDM was used, classified
as low (< 25%), moderate (25–50%) and high (> 50%) intensities. We
fitted a logistic regression model for the outcome ‘exposure to pHDM’,
defined as receiving pHDM on at least one of the first 30 postnatal days.
We included variables considered relevant (GA, BW z score, presence of
a pHDM bank in the network, and an indicator variable for each net-
work). We assessed network variation by relating the spread of the
estimates associated with the networks to the associated standard er-
rors. As references, we arbitrarily selected one network with, and one
without a pHDM bank. The significance of the parameter that re-
presented the networks was assessed by the chi-squared test. Analyses
were performed using R software [12]; p-values < 0.05 were con-
sidered as statistically significant.

3. Results

3.1. Study population

In 2012 and 2013, 14,678 infants< 32weeks GA were admitted to
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