
Evaluation of a national surveillance
system for mortality alerts: a
mixed-methods study

Paul Aylin,1* Alex Bottle,1 Susan Burnett,2

Elizabeth Cecil,1 Kathryn L Charles,2 Paul Dawson,2

Danielle D’Lima,2 Aneez Esmail,3 Charles Vincent,4

Samantha Wilkinson1 and Jonathan Benn2

1Dr Foster Unit at Imperial, Department of Primary Care and Public Health,
Imperial College London, London, UK

2Faculty of Medicine, Department of Surgery & Cancer, Imperial College London,
London, UK

3Division of Population Health, Health Services Research & Primary Care,
University of Manchester, Manchester, UK

4Medical Science Division, University of Oxford, Oxford, UK

*Corresponding author p.aylin@imperial.ac.uk

Declared competing interests of authors: Paul Aylin and Alex Bottle report that the Dr Foster Unit at
Imperial College London is partially funded through a research grant by Dr Foster, a commercial health-care
information company (wholly owned by Telstra Health) that provides health-care analytics solutions to
NHS organisations. Paul Aylin and Alex Bottle are part-funded by a grant to the unit from Telstra Health
(formerly Dr Foster Intelligence) outside the submitted work. Charles Vincent reports funding from the
Health Foundation for research and from Haelo (a commercial innovation and improvement science
organisation) for consultancy work.

Disclaimer: This report contains transcripts of interviews conducted in the course of the research and
contains language that may offend some readers.

Published February 2018
DOI: 10.3310/hsdr06070

Scientific summary
Evaluation of a national surveillance system for mortality alerts
Health Services and Delivery Research 2018; Vol. 6: No. 7

DOI: 10.3310/hsdr06070

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



Scientific summary

Background

Since 2007, the Dr Foster Unit at Imperial College London has generated monthly mortality alerts. These are
based on statistical process control charts using routinely collected hospital administrative data on 122
diagnoses and procedures for all English acute NHS hospital trusts, and they are triggered after sustained
higher-than-expected monthly mortality exceeds a given threshold set to minimise the false alarm rate
(estimated at < 0.1% over a 12-month period of monitoring). The mortality alerts are sent to the originating
NHS hospital trust and are followed up by the Care Quality Commission (CQC). We assume that, when a
trust is notified of a higher-than-expected death rate, efforts to investigate the alert will be undertaken that
may result in changes to processes within the trust, potentially improving outcomes. However, how trusts
react to these alerts and whether or not mortality improves as a consequence have not yet been studied.

Objectives

Workstream 1 (quantitative):

1. to describe the findings and impact of a national mortality surveillance system as a feedback mechanism
for quality improvement

2. to determine the relationship of alerts to other potential indicators of quality
3. to determine the temporal patterns of alerts and whether or not they are associated with subsequent

changes in mortality rates at trusts.

Workstream 2 (qualitative):

4. to describe trusts’ responses to receiving mortality alerts and the impact on safety/quality improvements,
including organisational and staff behaviour

5. to determine whether there are differences in the delivery of care at frequently alerting trusts compared
with trusts that alert rarely, for two conditions commonly generating mortality alerts – acute myocardial
infarction (AMI) and sepsis

6. to determine whether trusts in which mortality decreased after alerts were more likely to apply common
safety/quality interventions than trusts that repeatedly alert.

Methods

We applied multiple methods across two workstreams. We investigated all alerts and subsequently focused
on two conditions commonly attributed to mortality alerts: AMI and sepsis.

Workstream 1
We carried out a descriptive analysis of all Imperial College mortality alerts generated between April 2007
and December 2014 (objective 1). We assessed investigations by the CQC, the regulator of health and
social care in England, into alerts between 2011 and 2013. This was achieved by systematically reviewing
documents generated by the CQC on alerting trusts, the trusts’ responses to requested information and
the summarised CQC findings. We extracted information that identified the reasons for an alert, the
consequences of an alert (an action plan) and the trust’s assessment of whether or not the findings were
associated with the increased mortality. We compared findings for sepsis with those for other conditions.
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A CQC investigation sometimes identifies coding as an issue in mortality alerts; we assessed the impact of
changes in coding after AMI and sepsis alerts.

We explored the relationship of alerts, comparing alerting with non-alerting trusts, with publicly available
indicators of care quality (objective 2): acute bed occupancy, nurse-to-bed ratios, overall hospital mortality
(summary hospital-level mortality indicator and hospital-standardised mortality ratio), trust financial data,
the National Inpatient Survey data, NHS Litigation Authority risk assessment data and the Patient Safety
Thermometer. In relation to AMI alerts, we also extracted information from the Myocardial Ischaemia
National Audit Project, looking at ‘PCI [percutaneous coronary intervention] within 90 minutes’ as a quality
indicator for AMI alerting trusts. We used regression techniques with robust standard errors and controlled
for false discovery rate (a practical approach when multiple testing).

Analysing the association of an alert with trends in subsequent risk of death (objective 3), we investigated
diagnosis- and procedure-specific alerts between January 2012 and December 2013. We examined the first
alert for a trust, over the study period, and ignored any alerts for the trust that occurred in the follow-up
period. We matched the diagnosis/procedure of the outcome with the diagnosis/procedure of the alert for
12 months before an alert and 24 months after an alert. We used an interrupted time series design, which
estimates a trend before an intervention, the impact of an intervention and the change in trend after the
intervention, assuming a 9-month lag. We carried out sensitivity analyses with no lag, and with 3-month,
6-month and 12-month lag periods.

Workstream 2
Workstream 2 employed mixed methods to investigate the mechanisms by which mortality alerts were
assimilated at local trust level and the resulting organisational behaviour, drawing on institutional theory
and a realist perspective that would account for the effects of institutional context on mechanism–outcome
interactions.

Eleven institutional case studies were undertaken in English acute care trusts. Trusts were selected and
approached to participate in the study according to two sampling strata: (1) the receipt of an alert in either
sepsis or AMI in the 2011–14 period and (2) the receipt of single or multiple alerts. The final research
sample comprised four AMI sites (three multiple and one single alert site) and seven sepsis sites (five
multiple and two single alert sites).

Workstream 2 qualitative case study data from the 11 included trusts were collected between February
and December 2015, representing a total of 22 site visits and 72 separate face-to-face interviews with
73 informants. The interviews typically lasted between 50 and 60 minutes and were recorded with the
permission of the respondent for later transcription. An interview schedule was used as a guide, which
included 24 individual questions with prompts linked to the research questions. NVivo software (QSR
International, Warrington, UK) was used to support initial inductive and hierarchical coding, with some
elements of the later stages of iterative deductive coding undertaken in Microsoft Word® (Microsoft
Corporation, Redmond, WA, USA).

Individual case narratives were produced that represented a historical narrative concerning the institutional
response to the target alert(s). Subsequently, a thematic analysis was undertaken for each case followed by
an integrative analysis that took two principal forms: (1) a cross-case comparative analysis and (2) the
development of an evaluative framework for institutional capacity to respond to signals in mortality data.

A national cross-sectional survey study was undertaken. The survey instrument contained subsections
including (1) organisational arrangements for mortality; (2) coding, data and information; (3) mortality
review; (4) responding to imperial/CQC mortality alerts; (5) institutional capacity to respond to signals in
the data; and (6) evaluation of the mortality alerting and surveillance system. Survey data were collected
between 11 May and 10 June 2016. Only one response was required from each invited trust and the
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target respondent was the trust mortality lead or medical director. A total of 78 survey responses were
received, which represented a 65% response rate.

Results

Workstream 1
Between April 2007 and December 2014, 690 alerts were generated and, of these, 532 were sent to
trusts. Sepsis accounted for 11.5% (n = 61) and AMI accounted for 3.4% (n = 18) of all alerts. The number
of alerts generated annually has been falling year on year. The CQC investigated 75% (154/206) of a
subset of alerts generated (January 2011–December 2013). The outcome of CQC investigation identified
three main reasons for an alert. These were factors related to coding, case mix and quality of care within
the trust. Quality of care was cited as a factor in 70% (108/154) of all investigations but was particularly
an issue in sepsis alerts (89%, 17/19); quality of care was judged internally to have contributed to elevated
mortality in 27% (42/154) of alerting trusts. Full action plans were created in 64% (98/154) of trusts that
were investigated, rising to 77% (118/154) by the time the cases were closed. When quality of care was
identified as an issue, 85% of cases (92/108) resulted in an action plan.

Apart from the CQC findings on quality of care, mortality alerts were associated with other indicators
of quality that we assessed. Bed occupancy and hospital mortality were higher in hospitals that had a
mortality alert, while nurse-to-bed ratio and patient and trainee satisfaction were lower. For example,
although bed occupancy, between 2011 and 2013, was high (median 90%), it was, on average, 2.3
percentage points higher (95% confidence interval 0.9 to 3.7 percentage points) in alerting trusts than in
non-alerting trusts. Alerting trusts were also more likely to be in financial deficit than non-alerting trusts.

On average, the relative risk of death fell by 58% during the 9-month period immediately following an
alert, and then levelled to a slow decline, on average reaching the level of expected risk within 18 months
of the alert.

Workstream 2a: qualitative institutional case studies
Integrative analysis across the reported case studies focused on developing insight into the ways trusts
responded to AMI and sepsis alerts, and the institutional contextual and behavioural processes that
support or regulate the response. Common processes observed across the case study sites include:

l Alerts are considered useful in providing focus for trust intervention in addressing mortality.
l Case note review was the common response to alerts across all 11 sites.
l A forensic approach that completes the circle of problem identification, problem analysis, triangulation

of data, identification of solutions and implementing new ways of working.
l Use of innovative techniques to improve connectivity and knowledge sharing across trusts focused on

tackling mortality (boundary spanners, boundary objects and electronic information sharing).
l The importance of clinical involvement in responding to alerts for sepsis and AMI.
l Senior clinicians identifying problems in the coding of sepsis and AMI diagnosis.

Alerts for both AMI and sepsis instigated institutional responses across all of the case study sites.
Responses were characterised as the alert served as a trigger for action; a universal case note review
response; a forensic approach to identifying problems, identifying solutions and implementing actions;
the development of some innovative techniques in developing sepsis and AMI awareness; and senior
clinical involvement in case note review, coding of deaths and diagnosis identification. It was reported that
these responses resulted in the following outcomes: case note review and coding improvements; specific
changes in patient pathways; changes in diagnosis of sepsis and AMI; training of clinical staff in case note
write-up and coding; greater transparency in patient deterioration; and resourcing of some infrastructure
changes. It was noted that this slow movement was often boosted by intervention from the regulator,
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and it was these combined interventions, information and regulation that appeared to link with a
turnaround in how mortality was tackled.

A qualitative framework analysis of testimony across the 11 case study sites elicited nine evaluative
dimensions for understanding variance in institutional capability to respond to signals in mortality data,
which subsequently were used to structure the evaluative survey measure:

1. organisational structure for mortality governance
2. coding
3. use of information, monitoring and reporting
4. local investigation and mortality review process
5. local improvement mechanisms
6. organisational culture
7. senior leadership and sponsorship
8. interprofessional collaboration
9. external environment.

Workstream 2b: national survey of alerted trusts
A total of 86% of responding trusts had a dedicated trust-level lead for mortality reduction and 92% had
a dedicated trust-level mortality group or committee in place. Over half of the mortality committees were
chaired by a senior clinical member; this was the trust medical director in 56% of cases. On average, 60%
of deaths were reviewed in local mortality reviews, with 69% of responding trusts reporting that they
routinely reviewed all deaths. Across the sample, high agreement was recorded for the trust priority
assigned to mortality reduction and senior leadership support for mortality monitoring. The weakest areas
reported concerned accuracy of coding, the quality of specialty-level mortality data, understanding trends
in specialty level mortality data and the provision of protected time in people’s job plans for mortality-
related work.

The overall institutional capability scale achieved moderate positive correlations with the length of time
that current arrangements for mortality have been in place, the percentage of specialties within the trust
that reliably review all deaths and the overall percentage of deaths that are reviewed by the trust in any
given period. The percentage of deaths reviewed in any given period within a trust was positively
associated with the capacity for local investigation and mortality review processes, robustness of
improvement mechanisms and senior leadership support.

When respondents were asked to evaluate the current arrangements for mortality alerting and surveillance
directly, responses were positive both overall and for the vast majority of individual evaluative items. The
highest level of agreement was achieved for statements concerning willingness to invest staff and resources
in responding to alerts and the role of mortality alerting in regulatory processes and public assurance.
Overall, respondents agreed that continuous alerting and surveillance focused trusts on avoidable mortality
in a constructive way. Respondents felt, to a modest degree, that mortality alerts led to improvements in
local review processes, data monitoring and reporting and multiprofessional engagement in mortality
reduction. The only area that received a slightly negative response, on average, was the perception that
mortality alerts represented valid and reliable signals of problems in care delivery. When considering the
barriers to reduction of avoidable mortality, respondents indicated that resource availability was a primary
concern, followed by coding accuracy, risk adjustment adequacy, specificity and recency of mortality data.
Respondents identified CQC involvement in mortality alerting and involvement in national programmes and
campaigns in related areas as moderately strong motivating factors, followed by external reporting on
mortality alerts received by the trust.

HEALTH SERVICES AND DELIVERY RESEARCH 2018 VOL. 6 NO. 7 (SCIENTIFIC SUMMARY)

© Queen’s Printer and Controller of HMSO 2018. This work was produced by Aylin et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to: NIHR
Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park, Southampton
SO16 7NS, UK.

v



Conclusions

Care Quality Commission investigations concluded that the quality of care of patients is a factor in alerting
trusts, particularly for sepsis. Action plans to change practice were created in the majority of cases.
However, although the creation of action plans may suggest that mortality alerts are having an impact,
this finding should be interpreted with caution. A judgement of whether or not care contributed directly
to increases in mortality is variable across investigations.

Our findings suggest that mortality alerts are also associated with aspects of poor-quality care such as high
occupancy, understaffing and poor patient satisfaction. Sepsis alerts were strongly associated with nurse
staff levels. Immediate falls in mortality risk after an alert suggest that the alerting trusts are monitoring
patient mortality and often action these before they are notified by an alert letter.

Our case study findings suggest that mortality alerting, viewed as a means of mortality reduction, is a
complex intervention with multiple context-specific and locally determined elements. This study has
described the nuanced behavioural responses of institutions to intelligence on potentially avoidable
mortality. A key message from our work is that it is important to understand the local preconditions for
effective responses and how maturity in institutional mortality monitoring, review and action processes can
be achieved.

An important developmental step towards enhancing local capability to generate, understand and respond
to signals in mortality data is to provide guidance and evidence to promote adaptive institutional responses
that are in the best interests of patient safety.

Funding

Funding for this study was provided by the Health Services and Delivery Research programme of the
National Institute for Health Research.

SCIENTIFIC SUMMARY: EVALUATION OF A NATIONAL SURVEILLANCE SYSTEM FOR MORTALITY ALERTS

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

vi



Health Services and Delivery Research

ISSN 2050-4349 (Print)

ISSN 2050-4357 (Online)

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 HS&DR archive is freely available to view online at www.journalslibrary.nihr.ac.uk/hsdr. 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 Services and Delivery Research journal
Reports are published in Health Services and Delivery Research (HS&DR) if (1) they have resulted from work for the HS&DR programme
or programmes which preceded the HS&DR programme, and (2) they are of a sufficiently high scientific quality as assessed by the
reviewers and editors.

HS&DR programme
The Health Services and Delivery Research (HS&DR) programme, part of the National Institute for Health Research (NIHR), was established to
fund a broad range of research. It combines the strengths and contributions of two previous NIHR research programmes: the Health Services
Research (HSR) programme and the Service Delivery and Organisation (SDO) programme, which were merged in January 2012.

The HS&DR programme aims to produce rigorous and relevant evidence on the quality, access and organisation of health services including
costs and outcomes, as well as research on implementation. The programme will enhance the strategic focus on research that matters to the
NHS and is keen to support ambitious evaluative research to improve health services.

For more information about the HS&DR programme please visit the website: http://www.nets.nihr.ac.uk/programmes/hsdr

This report
The research reported in this issue of the journal was funded by the HS&DR programme or one of its preceding programmes as project
number 12/178/22. The contractual start date was in May 2014. The final report began editorial review in September 2016 and was accepted
for publication in March 2017. The authors have been wholly responsible for all data collection, analysis and interpretation, and for writing up
their work. The HS&DR editors and production house have tried to ensure the accuracy of the authors’ report and would like to thank the
reviewers for their constructive comments on the final report 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 HS&DR
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 HS&DR programme or the Department of Health and Social Care.

© Queen’s Printer and Controller of HMSO 2018. This work was produced by Aylin et al. under the terms of a commissioning
contract issued by the Secretary of State for Health. This issue may be freely reproduced for the purposes of private research and
study and extracts (or indeed, the full report) may be included in professional journals provided that suitable acknowledgement
is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre,
Alpha House, University of Southampton Science Park, Southampton SO16 7NS, UK.

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



Health Services and Delivery Research Editor-in-Chief

Professor Jo Rycroft-Malone Professor of Health Services and Implementation Research, Bangor University, UK

NIHR Journals Library Editor-in-Chief

Professor Tom Walley Director, NIHR Evaluation, Trials and Studies and Director of the EME Programme, UK

NIHR Journals Library Editors

Professor Ken Stein  Chair of HTA and EME Editorial Board and Professor of Public Health, 
University of Exeter Medical School, UK

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

Dr Martin Ashton-Key  Consultant in Public Health Medicine/Consultant Advisor, NETSCC, UK

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  Director of the NIHR Dissemination Centre, University of Southampton, UK

Ms Tara Lamont  Scientific Advisor, NETSCC, 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  Professor of Wellbeing Research, University of Winchester, UK

Professor John Norrie  Chair in Medical Statistics, University of Edinburgh, UK

Professor John Powell  Consultant Clinical Adviser, National Institute for Health and Care Excellence (NICE), 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 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 Jim Thornton  Professor of Obstetrics and Gynaecology, Faculty of Medicine and Health Sciences,  
University of Nottingham, UK

Professor Martin Underwood  Director, Warwick Clinical Trials Unit, Warwick Medical School,
University of Warwick, UK

Please visit the website for a list of members of the NIHR Journals Library Board: 
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


