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Scientific summary

Background

Of the 170,000 adults treated on UK intensive care units (ICUs) annually, 10,000–20,000 develop
new-onset atrial fibrillation (NOAF) and are clustered in subgroups, such as patients with sepsis. NOAF in
patients on ICUs can cause cardiovascular instability and thromboembolism. It is independently associated
with increases in length of hospital stay, mortality and health-care costs. It may also be associated with
increased long-term morbidity and mortality in patients who survive until hospital discharge.

The current atrial fibrillation (AF) treatment guidelines are based on patients outside ICUs. NOAF in
patients in an ICU differs in the causes of rhythm disturbance, and the risks and clinical effectiveness
of treatments. There is little evidence to guide NOAF treatment on ICUs; consequently, practice varies.
It is unclear whether or not NOAF developed in an ICU results in future episodes of AF, heart failure
or stroke. Optimal management strategies in ICUs and post ICU discharge are unknown.

Objectives

Scoping review

l To evaluate the evidence for the clinical effectiveness and safety of pharmacological and
non-pharmacological NOAF treatments.

l To provide guidance for the database analysis on:

¢ NOAF definitions used for patients in an ICU
¢ patient subgroups who develop NOAF in an ICU
¢ inclusion/exclusion of specific treatments and potential confounders
¢ determining barriers to future research.

Database analysis: RISK-II

l To determine how common NOAF is in critical care.
l To determine the typical characteristics of patients with NOAF in critical care and how they

compare with those of other patients in critical care.
l To increase the understanding of the outcomes of patients with NOAF in critical care and how they

compare with those of other patients in critical care.
l To investigate how much of the difference in outcomes is explained by differences in patient

characteristics and comorbidities.

Database analysis: MIMIC-III and PICRAM

l To compare the use and clinical effectiveness of pharmacological and non-pharmacological
NOAF treatments.

l To determine the incidence of short- and long-term NOAF complications.
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Methods

Scoping review
In March 2019, we searched 13 electronic databases and trial registries, including MEDLINE, EMBASE™
(Elsevier, Amsterdam, the Netherlands) and Cumulative Index to Nursing and Allied Health Literature
(CINAHL), without date and language restrictions to identify published and unpublished studies.

Adults aged ≥ 16 years in general medical, surgical or mixed ICUs were eligible. We excluded studies
of cohorts defined by a single disease or a narrow disease group that are not normally admitted to
a general ICU, and studies based on service-specific ICUs. Pharmacological, electrical and other
non-pharmacological treatment strategies for treatment or prevention of NOAF and the use of short-
or long-term anticoagulation were eligible. Any eligible intervention could be a comparator, as could
no treatment, standard care and placebo. Outcomes were rhythm and rate control, length of ICU and
hospital stay, mortality (ICU, hospital, 30 days and long term), arterial thromboembolism and adverse
treatment effects. Quantitative studies (randomised and non-randomised trials, cohort studies, case
series with five or more patients reported, and trial protocols) were eligible. We included reviews,
practitioner surveys and opinion pieces.

Two reviewers independently screened titles, abstracts and full-text articles. Discrepancies were
resolved through discussion or via a third reviewer. Study details and findings were presented in
structured tables and described and summarised narratively.

Included studies were quality assessed using version 2 of the Cochrane risk-of-bias tool for randomised
trials and the Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) tool for larger
non-randomised comparative studies.

Expert panel
We identified a list of variables from our scoping review that may affect the treatment choice for
NOAF. We then circulated this list among our expert panel, who added to and refined the list. We
collated a final list of these confounding variables, which was ratified by our expert panel. We repeated
this process with definitions of NOAF, interventions of interest and outcomes of interest.

Database analysis: RISK-II
To investigate the long-term outcomes associated with NOAF, we analysed patient records from the RISK-II
database. RISK-II combines anonymised, linked, routinely collected data from the Case Mix Programme
national clinical audit of adult intensive care, Hospital Episode Statistics (HES) for England and the Office
for National Statistics (ONS) mortality databases. It includes patients admitted to ICUs in England between
1 April 2009 and 31 March 2016.We categorised admissions as involving NOAF, possible NOAF,
pre-existing AF or no AF, in accordance with evidence available from the linked HES records.

To compare characteristics and outcomes, we selected a cohort of comparator patients who did not
develop NOAF and who were matched on hospital and month/year of admission to an ICU. We
identified comorbidities using the International Classification of Diseases and Related Health Problems,
Tenth Revision, codes from linked HES records. We identified the date and cause of death from linked
ONS records. We identified subsequent hospital admissions using linked HES records and classified
these as involving AF, stroke or heart failure. We estimated associations between NOAF and outcomes
before and after adjustment for patient characteristics and comorbidities using multivariable regression
models adjusting for age, sex and comorbidities.

Database analysis: PICRAM and MIMIC-III
We carried out a retrospective cohort study of two large within-ICU databases from the USA and
the UK. We excluded patients with known pre-existing AF or an arrhythmia within 3 hours of ICU
admission. We identified the occurrence of AF from observation chart data.
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We compared patients who developed NOAF with patients who did not. We analysed the mortality
associated with NOAF before and after adjusting for confounding variables. We then identified a
cohort of patients who received treatment for their NOAF. We analysed the characteristics of treated
NOAF, including time to onset and duration. We also analysed the changes in haemodynamic parameters
and vasoactive medication use associated with NOAF onset.

We balanced treatment groups using propensity score weighting. We then investigated the efficacy of
different NOAF treatments for rate control, rhythm control and mortality.

Results

Scoping review
We screened 3651 articles by title and abstract, identifying 198 articles of potential interest. After
full-text screening, we included 25 group studies, 12 reviews, one survey and four opinion pieces.

A limited evidence base was available. Of 25 primary studies included in the review, two were
randomised controlled trials (RCTs). Of 11 non-randomised comparative studies, three attempted
to control for confounding factors. Where studies attempted to control for confounding, quality
assessment still identified concerns that bias might affect results. Most studies were single-group
studies lacking a comparator group. Studies used different treatment doses, administration methods
and time points to assess the success of conversion to sinus rhythm. Six studies were available as
conference abstracts only. Limited evidence from four studies suggested that beta-blockers might
be more effective than amiodarone for conversion to sinus rhythm and in reducing mortality. It is
unclear whether or not anticoagulant therapy results in a reduction in stroke risk and whether or
not the potential benefits outweigh the increased risk of bleeding in ICU patients. No conclusive
findings have been reported owing to the low quality of the reviewed evidence and the methodological
differences between the included studies. Most studies and reviews concluded that further research
is needed urgently.

Expert panel
The expert panel ratified a list of treatments of interest and confounding variables. The scoping review
highlighted that definitions of NOAF in patients on ICUs and definitions of treatment success varied.
In the absence of any consensus definition of NOAF, we adopted the agreed definition of AF in patients
outside an ICU, namely any AF lasting ≥ 30 seconds. We defined time to cardioversion as the time to
first reversion of sinus rhythm, and time to rate control as the time to a heart rate of < 110 beats per
minute (b.p.m.).

Database analysis: RISK-II
The analysis included 841,005 ICU admissions for 733,038 patients. We identified 4615 (0.6%)
admissions as involving NOAF and a further 3548 (0.4%) as involving possible NOAF. Each admission
involving NOAF was matched to six comparator admissions with no AF from the same month/year and
ICU. Patients with NOAF were older (mean age 71.5 years vs. 59.1 years) and had higher levels of
comorbidity, especially hypertension (66.1% vs. 47.2%), heart failure (24.8% vs. 10.1%) and valvular
heart disease (12.5% vs. 6.2%), than the comparator patients. After controlling for these differences,
patients with NOAF had substantially higher mortality in hospital and during the first 90 days after
discharge than patients who did not [adjusted odds ratio (aOR) 2.32, 95% confidence interval (CI)
2.16 to 2.48; adjusted hazard ratio (aHR) 1.46, 95% CI 1.26 to 1.70, respectively], and higher rates of
subsequent hospitalisation with AF, stroke and heart failure [adjusted cause-specific hazard ratio (CHR)
5.86, 95% CI 5.33 to 6.44; adjusted CHR 1.47, 95% CI 1.12 to 1.93; and adjusted CHR 1.28, 95% CI
1.14 to 1.44, respectively) than patients who did not.
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Database analysis: MIMIC-III and PICRAM
New-onset atrial fibrillation was common in ICU patients, occurring in 1065 out of 18,559 (5.7%)
eligible patients in US data and 952 out of 8367 (11.4%) eligible patients in UK data. In the study
cohort (patients treated for NOAF), the median time to onset of NOAF was 40 hours, with a median
duration of 14.4 hours.

In the combined database analysis, NOAF was associated with a significant increase in heart rate of
18 b.p.m., a reduction in systolic blood pressure of 5 mmHg and an increase in vasoactive-inotropic score
of 2.3 (all p < 0.001). NOAF was associated with a significantly increased risk of hospital mortality after
adjusting for confounding factors (CHR 1.84, 95% CI 1.69 to 2.00; adjusted CHR 1.58, 95% CI 1.45 to 1.71).

In the combined database analysis, we found no differences between beta-blockers and amiodarone in
rates of achieving rate control (aHR 1.14, 95% CI 0.91 to 1.44) or rhythm control (aHR 0.86, 95% CI
0.67 to 1.11). We found that digoxin therapy was associated with a lower rate of achieving rate control
than amiodarone (aHR 0.52, 95% CI 0.32 to 0.86). We found that calcium channel blocker therapy
was associated with a lower rate of achieving rhythm control than amiodarone (aHR 0.56, 95% CI
0.39 to 0.79). These findings were consistent with analyses of individual databases.

Discussion

Our scoping review revealed marked differences in the definitions of NOAF and the definitions of
treatment success between studies. Limited evidence suggested that beta-blockers might be more
effective than amiodarone for conversion to sinus rhythm and mortality outcomes. However, residual
bias may explain these assertions. The available literature suggests that it is unclear whether or not
the benefits of administering anticoagulants in critically ill patients with NOAF for stroke prevention
outweigh the increased risk of bleeding. Reluctance to initiate anticoagulation demonstrated in surveys
may be owing to the uncertainty of this risk–benefit balance.

The scoping review was performed using systematic, transparent and robust methods. The bibliographic
database searches were comprehensive, maximising identification of relevant studies, while also minimising
the possibility of publication or language biases affecting the review. The main limitation of the scoping
review was the methodological shortcomings of the studies identified, preventing conclusive findings.

The scoping review allowed definitions of NOAF and treatment success for the database analyses
to be agreed following the expert panel meeting, along with a long list of interventions and
potential confounders.

Analysis of the RISK-II database identified a group of patients who develop NOAF in critical care who
have substantially worse short- and long-term outcomes, including readmission with heart failure and
thromboembolism, than similar patients without any record of AF during or prior to ICU admission.
However, the group identified by hospital coding is much smaller than that found by analysis of ICU
data. Whether or not the findings would be replicated in this larger group is unclear. The increased
incidence of stroke suggests that there may be a role for anticoagulation in some patients who
develop NOAF during an ICU stay; however, the appropriate patient group, timing and duration of
anticoagulation are unknown.

Our within-ICU database analysis found that the treatment of NOAF with digoxin or calcium channel
blockers as first-line therapy, compared with amiodarone, is associated with poorer rate control
and rhythm control, respectively. Previous studies have suggested that beta-blocker therapy may
be associated with better outcomes than amiodarone therapy. Our findings revealed that patients
who received beta-blockers were less unwell at admission and more stable around AF onset. After
comprehensive adjustment of these factors, there were no identifiable differences in outcomes
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between these two treatments. To the best of our knowledge, our ICU database analysis provides
the first comparative study of NOAF treatments, where differences between treatment groups around
AF onset are adjusted for. The use of routine data provided a sample size large enough to detect
differences between these treatment groups. However, it is limited by its retrospective nature and
residual unmeasured confounding may contribute to any identified effects.

Applicability
Our RISK II database analysis included national data and our results are, therefore, meaningful for most
general adult ICUs in the UK. Our within-ICU database analysis included data from tertiary centres and
district general hospitals in the UK, alongside data from the USA, suggesting that our findings are
applicable elsewhere.

Conclusions

Our scoping review highlighted the need for standardised definitions in future research into NOAF.

We found that NOAF during an ICU stay is common and is associated with substantially increased
mortality, after correction for associated risk factors. Identifying optimal treatment strategies is a
research priority, with the potential to improve patient outcomes. Both amiodarone and beta-blockers
are commonly used but have significant side effects. Whether or not one is superior to the other
is unknown. A RCT of amiodarone compared with beta-blockers for the management of NOAF in
critically ill patients should be undertaken. Current evidence does not support the use of calcium
channel blockers or digoxin as first-line therapy for undifferentiated patients who develop NOAF
during an ICU stay.

There is little evidence for or against anticoagulation for patients who develop NOAF in an ICU. The
risk of thromboembolism is increased compared with those who do not develop NOAF, even when
corrected for known risk factors. However, current risk stratification tools have not been validated
in the ‘new-onset atrial fibrillation during intensive care unit population’ and do not take account of
within-ICU factors that may affect future outcome. Whether or not subgroups of patients who develop
NOAF while in an ICU may benefit from long-term anticoagulation is unknown. Studies should be
undertaken to create risk stratification tools or investigate whether or not current tools are applicable
to the ‘new-onset atrial fibrillation during intensive care unit population’ to identify patients sufficiently
at risk of future thromboembolism to merit consideration of anticoagulation.

Readmission with heart failure and thromboembolism increases over the 5 years following an episode
of NOAF while in an ICU, particularly in the first year. Whether or not these events are driven by
persistent left ventricular dysfunction and/or AF is unknown. A prospective cohort study to demonstrate
the incidence of AF and/or left ventricular dysfunction at hospital discharge and at 3 months following
development of NOAF should be undertaken.

Trial registration

This trial is registered as ISRCTN13252515.

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. 71.
See the NIHR Journals Library website for further project information.

Health Technology Assessment 2021 Vol. 25 No. 71 (Scientific summary)

Copyright © 2021 Bedford et al. This work was produced by Bedford 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





Health Technology Assessment

ISSN 1366-5278 (Print)

ISSN 2046-4924 (Online)

Impact factor: 4.014

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 17/71/04. The
contractual start date was in February 2019. The draft report began editorial review in December 2020 and was accepted for
publication in April 2021. 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 Bedford et al. This work was produced by Bedford 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


