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Scientific summary

Background

Therapeutic hypothermia is standard of care for babies born at ≥ 36 gestational weeks with hypoxic–
ischaemic encephalopathy in high-income settings. There is limited evidence to inform provision of
nutrition during therapeutic hypothermia, and nutritional practice varies widely.

Nutritional management has two main components: (1) enteral nutrition in the form of milk feeds and
(2) parenteral (intravenous) nutrition. We sought to identify optimal nutritional strategies for term
and near-term infants receiving therapeutic hypothermia. We examined the enteral and parenteral
components independently.

Objectives

The primary objective of the enteral feeding analysis was to assess the association between milk
feeding during therapeutic hypothermia and the incidence of necrotising enterocolitis.

The primary objective of the parenteral nutrition analysis was to assess the association between
administering parenteral nutrition during therapeutic hypothermia and the incidence of bloodstream
infection after the first 3 days.

The following secondary outcomes were also evaluated: survival at discharge from the neonatal unit,
length of neonatal stay, hypoglycaemia, time to first feed with maternal breast milk, onset of breastfeeding,
breastfeeding at discharge, number of days with a central line in situ and weight at neonatal discharge.
The number of days parenteral nutrition was administered was examined only for the enteral comparison.

Methods

This was a retrospective, population-based cohort study using data held in the National Neonatal
Research Database and applying propensity score methodology to form matched groups for analysis.

Data source

The National Neonatal Research Database holds de-identified routinely recorded clinical data from
all infants admitted to NHS neonatal units in England, Scotland and Wales. A defined data extract
(i.e. the Neonatal Data Set) of approximately 450 data items is extracted quarterly from neonatal
electronic health records that have been completed by health professionals during routine clinical
care. A patient-level data set was extracted from the National Neonatal Research Database for this
analysis. Data linkage with other databases was not performed for this study.

Participants

We included babies born and admitted to NHS neonatal units in England, Scotland or Wales between
1 January 2010 and 31 December 2017 with a gestational age of ≥ 36+0 weeks+days at birth and
who received therapeutic hypothermia for at least 3 days or died during therapeutic hypothermia.
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Comparator groups

We undertook two comparisons in matched groups:

1. enteral feeding analysis [babies who were enterally fed during therapeutic hypothermia
(intervention) compared with babies who received no enteral feeds during therapeutic
hypothermia (control)]

2. parenteral nutrition analysis [babies who were receiving parenteral nutrition during therapeutic
hypothermia (intervention) compared with babies who received no parenteral nutrition during
therapeutic hypothermia (control)].

Outcomes

The primary outcome for the enteral feeding analysis was severe necrotising enterocolitis confirmed at
surgery or causing death and validated with neonatal units. The primary outcome for the parenteral
nutrition analysis was late-onset bloodstream infection confirmed by pure growth of a known pathogen.

Secondary outcomes were necrotising enterocolitis using a pragmatic definition (i.e. a record of
necrotising enterocolitis with 5 consecutive days of antibiotics while nil by mouth), late-onset infection
using a pragmatic definition (i.e. 5 consecutive days of antibiotics commenced after day 3), survival at
neonatal discharge, length of neonatal stay, breastfeeding at discharge, hypoglycaemia during neonatal
unit stay, onset of breastfeeding, time to first maternal breast milk feed, number of days with a central
line in situ, duration of parenteral nutrition, time taken to reach full enteral feeds and weight for
gestation standard deviation score at neonatal discharge.

Background variables used for matching

The following background variables were used to form matched groups for the enteral feeding and
parenteral nutrition comparisons: birth year, umbilical arterial pH, birthweight, gestational age, sex,
resuscitation factors, mode of delivery, maternal factors (i.e. smoking, suspected chorioamnionitis,
medical and obstetric conditions), Apgar score at 1 and 5 minutes, umbilical cord blood base excess,
condition at first neonatal unit admission (i.e. oxygen saturation, blood glucose concentration and mean
blood pressure), maximum support needed on day 1 (i.e. respiratory, inotropic and transfusion of blood
products), maternal socioeconomic decile and postnatal transfer within 24 hours.

Statistical methods

Analyses applied the potential outcomes framework and propensity score methodology. We performed
1 : 1 matching of babies who had no enteral feeds to those who were enterally fed for the enteral
nutrition analysis, and of babies who received no parenteral nutrition to those who received parenteral
nutrition for the parenteral nutrition analysis. Background groups were first defined using birth year
(four 2-year bands) and arterial umbilical cord pH (three categories), giving 12 groups in total. Matched
pairs were then formed within propensity score deciles defined separately for each background group.
The matched pairs were then reconstituted as an intervention group (i.e. babies who received enteral
feeds or parenteral nutrition) and a control group (i.e. babies who did not receive enteral feeds or
parenteral nutrition). Their outcomes were compared using methods appropriate if the two matched
groups arose in a randomised controlled trial. We undertook prespecified sensitivity analyses limited
to babies born in 2012–17, when the geographical coverage was more complete, and using alternative
definitions of enteral feeds or parenteral nutrition. We undertook post hoc sensitivity analyses when
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parenteral nutrition or enteral feeds on day 1 were included within the propensity model for the
enteral feeding and parenteral nutrition analyses, respectively.

Parent and patient involvement

The study was planned and designed by a multiprofessional investigator group that included a parent
of a baby who had received therapeutic hypothermia and a parent representative. Study outcomes
were chosen to reflect those prioritised as important by parents, patients and professionals, and were
informed by parents and parent representatives.

Results

Between 1 January 2010 and 31 December 2017, a total of 703,911 babies were admitted to NHS
neonatal units in England, Scotland and Wales, and 6030 were at ≥ 36 weeks’ gestational age and
treated with therapeutic hypothermia for 3 days or died during treatment. Of these babies, 31.1%
received enteral feeds and 24.5% received parenteral nutrition during therapeutic hypothermia.
These proportions changed only slightly over time. When enteral feeds were given during therapeutic
hypothermia these were most commonly maternal breast milk.

In the total study cohort and prior to matching, seven babies (0.1%) who received therapeutic
hypothermia were diagnosed with severe necrotising enterocolitis and 68 babies (1.1%) were classified
as having necrotising enterocolitis when using the more pragmatic definition. Thirty babies (0.5%) had a
pure growth of a recognised pathogen in a blood culture after day 3. Pragmatically defined late-onset
infection was more common, with 1559 cases (25.5%). Breastfeeding at discharge was recorded for
2784 babies (46.2%) and the proportion increased over the study period. Among babies who did suckle
at the breast, the first breastfeed was at a median age of 7 days (interquartile range 6–9 days), and
among babies who were fed maternal breast milk the median age at first receipt of maternal breast
milk was 5 days (interquartile range 4–6 days). Survival to discharge rates were high (n = 5444, 90.3%).
The median length of stay in the neonatal unit was 11 days (interquartile range 8–16 days). Most
babies (n = 5640, 93.6%) had a central line placed in situ for a median duration of 5 days (interquartile
range 3–6 days). A total of 1208 babies (20.0%) had an episode of hypoglycaemia recorded during
their neonatal stay.

For the primary enteral feeding analysis, a matched cohort of 3236 babies (1618 pairs) was formed
and good balance was achieved for all recorded background variables. The incidence of severe
necrotising enterocolitis was so low that comparative analyses were not undertaken. Following
matching, the incidence of pragmatically defined necrotising enterocolitis was lower among babies
fed (n = 9, 0.5%) than among those not fed (n = 18, 1.1%) during therapeutic hypothermia (rate
difference –0.5%, 95% confidence interval –1.0% to 0.1%; p = 0.03). The rate of culture-positive
late-onset infection was similar for babies fed (n < 5, 0.3%) and those not fed (n = 8, 0.5%) (rate
difference –0.2%, 95% confidence interval –0.5% to 0.1%; p = 0.19). However, pragmatically defined
late-onset infection was less common in babies who were fed (n = 271, 16.8%) than in babies who
were not fed (n = 460, 28.4%) (rate difference –11.6%, 95% confidence interval –14.0% to –9.3%;
p < 0.001). Survival to discharge rates were higher in babies who were fed (n = 1552, 96.0%) than
in babies who were not fed (n = 1465, 90.6%) (rate difference 5.2%, 95% confidence interval 3.9% to
6.6%; p < 0.001), as was rates of breastfeeding at discharge [babies who were fed (n = 883), 54.6%;
babies who were not fed (n = 752), 46.5%; rate difference 8.0%, 95% confidence interval 5.1% to
10.8%; p < 0.001]. The incidence of recorded hypoglycaemia was similar in babies fed (n = 269, 16.6%)
and babies not fed (n = 293, 18.1%) (rate difference –1.5%, 95% confidence interval –3.7% to 0.6%;
p = 0.17). The weight for gestation standard deviation score at neonatal unit discharge was also similar
(babies fed –0.7 vs. babies not fed –0.6, difference 0.06, 95% confidence interval –0.01 to 0.13).
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The first breastfeed was earlier, on average, for babies who were fed during therapeutic hypothermia
(mean 7.3 days) than for those babies not fed (mean 8.7 days) (difference –1.4 days, 95% confidence
interval –1.9 to –0.9 days; p < 0.001), and the first breast milk feed was earlier in babies fed (mean
3.3 days) than in those babies not fed (mean 5.4 days) (difference –2.1 days, 95% confidence interval
–2.2 to –2.0 days; p < 0.001). The length of neonatal unit stay was shorter for babies who were fed
(mean 12.7 days) than for those babies who were not fed (mean 14.8 days) (difference –2.2 days, 95%
confidence interval –3.0 to –1.2 days; p < 0.001), as was duration of parenteral nutrition (babies fed
mean 3.0 days vs. babies not fed mean 3.7 days, difference –0.7 days, 95% confidence interval –1.1 to
–0.2 days; p = 0.02) and number of days with a central line in situ (babies fed mean 4.3 days vs. babies
not fed 5.5 days, difference –1.2 days, 95% confidence interval –1.5 to –0.9 days). These findings were
robust to sensitivity analyses.

For the parenteral nutrition analysis, matched cohorts consisting of 2480 babies (i.e. 1240 pairs)
were formed. The two matched groups were well balanced on all of the observed background
variables. Following matching, the rate of culture-positive late-onset infection was higher for babies
who received parenteral nutrition (n = 11, 0.9%) than for those who did not (n < 5) (rate difference
0.6%, 95% confidence interval 0.1% to 1.2%; p = 0.03); however, pragmatically defined late-onset
infection was seen at similar rates among those babies who received parenteral nutrition (n = 323,
26.1%) and those babies who received no parenteral nutrition (n = 313, 25.3%) (rate difference 0.8%,
95% confidence interval –2.1% to 3.6%; p = 0.61). The incidence of severe necrotising enterocolitis was
low and comparative analyses were not undertaken for this outcome. The incidence of pragmatically
defined necrotising enterocolitis was similar for babies who received parenteral nutrition (11 babies,
1.1%) and for those who did not (17 babies, 1.4%) (rate difference –0.3%, 95% confidence interval
–1.0% to 0.4%; p = 0.39). Survival to discharge rates were higher for babies who received parenteral
nutrition (n = 1154, 93.1%) than for those babies who did not (n = 1116, 90.0%) (rate difference 3.1%,
95% confidence interval 1.5% to 4.7%; p < 0.001). The rates of breastfeeding at discharge [parenteral
nutrition, n = 575 (46.4%), vs. no parenteral nutrition, n = 582 (47.0%); rate difference –0.6%, 95%
confidence interval –3.8% to 2.6%; p = 0.71] and recorded hypoglycaemia [parenteral nutrition, n = 212
(17.1%), vs. no parenteral nutrition, n = 235 (18.9%), rate difference –2.1%, 95% confidence interval
–4.5% to 0.4%; p = 0.10] were similar in the two groups, as was weight for gestation standard deviation
score at neonatal unit discharge (parenteral nutrition –0.6 vs. no parenteral nutrition –0.7, difference
0.02, 95% confidence interval –0.07 to 0.10; p = 0.68). The first breastfeed was at a similar age in
babies who received parenteral nutrition (mean 8.6 days) and in those babies who did not (mean
8.4 days) (difference 0.2 days, 95% confidence interval –0.5 to 0.8 days; p = 0.56). In addition, age
at first milk feed was similar in babies who received parenteral nutrition (mean 4.6 days) and in
those babies who did not (mean 4.9 days) (difference –0.2 days, 95% confidence interval –0.4 to
–0.1; p = 0.01). The length of neonatal unit stay was also similar for babies who received parenteral
nutrition (mean 15.0 days) and for those babies who did not (mean 14.1 days) (difference 0.8 days,
95% confidence interval –0.2 to 1.8 days; p = 0.12). The duration of time that a baby had a central line
in situ was higher in babies who received parenteral nutrition (6.0 days) than in those babies who did
not (5.1 days) (difference 0.9 days, 95% confidence interval 0.5 to 1.2 days; p < 0.001). These findings
were robust to sensitivity analyses.

Conclusions

Approximately one in three babies who receive therapeutic hypothermia in NHS neonatal units have
enteral feeds introduced during hypothermia, predominantly with maternal breast milk. Necrotising
enterocolitis is rare in these babies. After matching for an extensive list of background characteristics,
pragmatically defined necrotising enterocolitis was diagnosed at a lower rate among babies for whom
feeds were introduced during therapeutic hypothermia. Introduction of milk feeding during therapeutic
hypothermia was also associated with beneficial outcomes, including shorter lengths of stay, higher
rates of breastfeeding and a lower incidence of suspected infection, after matching for multiple
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potential confounding factors. This was an observational study in which matched groups were formed
using propensity score methodology. The study was able to address confounding related to measured
factors only. Survival to discharge rates were higher for babies who were fed than for babies who were
not fed during therapeutic hypothermia. This difference is unlikely to be explained by enteral feeding
and, therefore, suggests residual confounding by indication, favouring babies who received milk feeds.
Despite this limitation we conclude that initiating milk feeds, preferably maternal breast milk, during
therapeutic hypothermia appears safe and may be beneficial.

One in four babies who received therapeutic hypothermia in NHS neonatal units received parenteral
nutrition during hypothermia. Culture-positive infection was rare in this group, but after matching for
multiple background characteristics it was more common in babies who received parenteral nutrition.
This accords with data from a randomised controlled trial in neonates on paediatric intensive care
units, in which early provision of parenteral nutrition led to a higher incidence of infection. In contrast,
we found that survival until neonatal unit discharge was higher in babies who received parenteral
nutrition than in those babies who did not. This may reflect residual confounding by indication,
favouring babies who received parenteral nutrition. Optimal parenteral nutritional support for
babies receiving therapeutic hypothermia is unknown and could not be established in this large
observational study using population-level routinely recorded neonatal clinical data.

Despite the importance of longer-term developmental outcomes in this population we were unable to
examine such end points in this study because population-level neurodevelopmental follow-up data in
these babies were highly incomplete.

Implications for health care

l The incremental introduction of enteral feeds in term and near-term babies during therapeutic
hypothermia appears safe and may be associated with benefits including higher rates of
breastfeeding at discharge and shorter lengths of stay.

l Necrotising enterocolitis is rare in term and near-term babies receiving therapeutic hypothermia
and may be less common in babies who were fed during therapeutic hypothermia.

Recommendations for research (listed in priority order)

l Optimal use of parenteral nutrition for term and near-term babies receiving therapeutic hypothermia
is unknown. This should be examined in a randomised controlled trial comparing early with delayed
provision of parenteral nutrition, which should examine both short-term outcomes, such as late-onset
infection and neonatal survival, and longer-term outcomes, such as neurodevelopment.

l Given our study findings and the rarity of important outcomes such as necrotising enterocolitis,
in this cohort, future randomised controlled trials to examine enteral feeding during therapeutic
hypothermia are unlikely to be warranted or feasible. The optimal speed of introduction of enteral
feeds or optimal choice of milk when the mother’s milk is not available are not known and may
benefit from further research.

l Mechanisms to obtain population-level long-term outcome data for babies who receive neonatal
care, such as data linkage and national reporting, should be prioritised.

Trial registration

This trial is registered as ISRCTN474042962.

Health Technology Assessment 2021 Vol. 25 No. 36 (Scientific summary)

Copyright © 2021 Gale et al. This work was produced by Gale et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

vii



Funding

This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 25, No. 36.
See the NIHR Journals Library website for further project information.

SCIENTIFIC SUMMARY: NUTRITIONAL MANAGEMENT IN THERAPEUTIC HYPOTHERMIA

NIHR Journals Library www.journalslibrary.nihr.ac.uk

viii



Health Technology Assessment

ISSN 1366-5278 (Print)

ISSN 2046-4924 (Online)

Impact factor: 3.370

Health Technology Assessment is indexed in MEDLINE, CINAHL, EMBASE, the Cochrane Library and Clarivate Analytics
Science Citation Index.

This journal is a member of and subscribes to the principles of the Committee on Publication Ethics (COPE)
(www.publicationethics.org/).

Editorial contact: journals.library@nihr.ac.uk

The full HTA archive is freely available to view online at www.journalslibrary.nihr.ac.uk/hta. Print-on-demand copies can be
purchased from the report pages of the NIHR Journals Library website: www.journalslibrary.nihr.ac.uk

Criteria for inclusion in the Health Technology Assessment journal
Reports are published in Health Technology Assessment (HTA) if (1) they have resulted from work for the HTA programme,
and (2) they are of a sufficiently high scientific quality as assessed by the reviewers and editors.

Reviews in Health Technology Assessment are termed ‘systematic’ when the account of the search appraisal and synthesis
methods (to minimise biases and random errors) would, in theory, permit the replication of the review by others.

HTA programme
Health Technology Assessment (HTA) research is undertaken where some evidence already exists to show that a technology can
be effective and this needs to be compared to the current standard intervention to see which works best. Research can evaluate
any intervention used in the treatment, prevention or diagnosis of disease, provided the study outcomes lead to findings that
have the potential to be of direct benefit to NHS patients. Technologies in this context mean any method used to promote
health; prevent and treat disease; and improve rehabilitation or long-term care. They are not confined to new drugs and include
any intervention used in the treatment, prevention or diagnosis of disease.

The journal is indexed in NHS Evidence via its abstracts included in MEDLINE and its Technology Assessment Reports inform
National Institute for Health and Care Excellence (NICE) guidance. HTA research is also an important source of evidence for
National Screening Committee (NSC) policy decisions.

This report
The research reported in this issue of the journal was funded by the HTA programme as project number 16/79/03. The
contractual start date was in September 2017. The draft report began editorial review in December 2019 and was accepted for
publication in June 2020. The authors have been wholly responsible for all data collection, analysis and interpretation, and for
writing up their work. The HTA editors and publisher have tried to ensure the accuracy of the authors’ report and would like to
thank the reviewers for their constructive comments on the draft document. However, they do not accept liability for damages
or losses arising from material published in this report.

This report presents independent research funded by the National Institute for Health Research (NIHR). The views and opinions
expressed by authors in this publication are those of the authors and do not necessarily reflect those of the NHS, the NIHR,
NETSCC, the HTA programme or the Department of Health and Social Care. If there are verbatim quotations included in this
publication the views and opinions expressed by the interviewees are those of the interviewees and do not necessarily reflect
those of the authors, those of the NHS, the NIHR, NETSCC, the HTA programme or the Department of Health and Social Care.

Copyright © 2021 Gale et al. This work was produced by Gale et al. under the terms of a commissioning contract issued by the
Secretary of State for Health and Social Care. This is an Open Access publication distributed under the terms of the Creative
Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaption in any
medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication
must be cited.

Published by the NIHR Journals Library (www.journalslibrary.nihr.ac.uk), produced by Prepress Projects Ltd, Perth, Scotland
(www.prepress-projects.co.uk).

https://creativecommons.org/licenses/by/4.0/


NIHR Journals Library Editor-in-Chief

NIHR Journals Library Editors

Professor Ken Stein   Professor of Public Health, University of Exeter Medical School, UK

Professor John Powell Chair of HTA and EME Editorial Board and Editor-in-Chief of HTA and EME journals.
Consultant Clinical Adviser, National Institute for Health and Care Excellence (NICE), UK, and Professor of 
Digital Health Care, Nuffield Department of Primary Care Health Sciences, University of Oxford, UK 

Professor Andrée Le May  Chair of NIHR Journals Library Editorial Group (HS&DR, PGfAR, PHR journals) and 
Editor-in-Chief of HS&DR, PGfAR, PHR journals

Professor Matthias Beck  Professor of Management, Cork University Business School, Department of Management
and Marketing, University College Cork, Ireland

Dr Tessa Crilly  Director, Crystal Blue Consulting Ltd, UK

Dr Eugenia Cronin   Senior Scientific Advisor, Wessex Institute, UK

Dr Peter Davidson   Consultant Advisor, Wessex Institute, University of Southampton, UK

Ms Tara Lamont   Senior Scientific Adviser (Evidence Use), Wessex Institute, University of Southampton, UK

Dr Catriona McDaid  Senior Research Fellow, York Trials Unit, Department of Health Sciences, University of York, UK

Professor William McGuire   Professor of Child Health, Hull York Medical School, University of York, UK

Professor Geoffrey Meads   Emeritus Professor of Wellbeing Research, University of Winchester, UK

Professor James Raftery   Professor of Health Technology Assessment, Wessex Institute, Faculty of Medicine, 
University of Southampton, UK

Dr Rob Riemsma   Reviews Manager, Kleijnen Systematic Reviews Ltd, UK

Professor Helen Roberts   Professor of Child Health Research, UCL Great Ormond Street Institute of Child Health, UK

Professor Jonathan Ross  Professor of Sexual Health and HIV, University Hospital Birmingham, UK

Professor Helen Snooks  Professor of Health Services Research, Institute of Life Science, College of Medicine, 
Swansea University, UK

Professor Ken Stein   Professor of Public Health, University of Exeter Medical School, UK

Professor Jim Thornton  Professor of Obstetrics and Gynaecology, Faculty of Medicine and Health Sciences, 
University of Nottingham, UK 

Please visit the website for a list of editors: www.journalslibrary.nihr.ac.uk/about/editors

Editorial contact:  journals.library@nihr.ac.uk



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Web PDFs for NIHR Journals Library article summaries \(executive summary, scientific summary, lay summary\). RGB colour space, low-resolution images.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


