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Scientific summary

Introduction

There is conflicting evidence as to whether or not patients presenting with acute stroke symptoms
receive lower quality of care and have worse outcomes if they are admitted to hospital outside normal
weekday working hours or at weekends (the so-called ‘weekend effect’). Some studies have shown that
acute stroke patients admitted at weekends have lower quality of care and higher mortality, whereas
others have shown the opposite. The politics surrounding this phenomenon raised a number of relevant
issues for research: first, exposure of differences in outcomes across the week was having an impact
politically, and it was necessary to answer the question of whether this was a true effect or an artefact
of the patient mix or the quality of the data; second, it was important to measure other outcomes
and care processes, as well as mortality; and, third, to change the approach towards acknowledging
patterns of temporal variation. This movement is characterised by the idea that certain times of the
day, or days of the week, are associated with poorer outcomes for the patient, but that this is not
necessarily limited to the weekend or night-time. Therefore, the concept of ‘out-of-hours’ working or
the so-called ‘weekend effect’, which once dominated the discourse of the literature on temporal
variation, has been re-evaluated.

Several possible causes for temporal variation are proposed, but there are likely to be many relevant
factors associated with out-of-hours working, including differences in patient case mix affecting
outcomes between patients admitted at different times of the week; reduced staffing levels reduced
access to supporting investigations; lower seniority and clinical experience of available staff, and less
familiarity of staff with patients; less familiarity with unit-specific processes and policies, and
insufficient training to address this; and fewer supervisory staff and less supervisor familiarity with the
staff they supervise. Evaluation of these studies is further complicated by recent evidence that stroke
incidence reporting at the weekend may be unreliable in older studies. Recent work, based on data
from the Stroke Sentinel National Audit Programme data set, further shows that care quality and
outcomes in acute stroke vary across the week. This work concluded that binary comparisons of
weekend with weekday, or in-hours with out-of-hours, processes and their effects oversimplify more
likely variations by day of the week and the time of day. Furthermore, no studies have investigated the
impact of time of admission on disability following a stroke.

Following these findings, the aim of this study was to investigate variations in the quality of
acute stroke care and outcomes by day and time of admission in London hyperacute stroke units.
National audit data were used for all patients in London who had a stroke during a 12-month
period recorded by the Sentinel Stroke National Audit Programme. We hypothesised that there
would be no variation in care quality measures across the week and no variation in outcomes in
London hyperacute stroke units.

Aims and objectives

This study aimed to identify the extent to which London hyperacute stroke units were providing 24 hours
a day, 7 days a week (24/7), care and factors influencing this. The research provides an opportunity to
examine how and if a range of organisational factors influence 24/7, provision of stroke care, and to
assess the extent to which temporal patterns of provision are reflected in patient outcomes, including
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mortality, length of stay and functional independence. The research also aimed to explore service
developments related to temporal consistency. These lessons are of potential value to people who
commission, organise and run stroke services, both in London and across any area of the English
NHS that seeks to develop or provide 24/7 hyperacute stroke care. They may also have relevance to
research in and provision of 24/7 care in other areas of health care, such as emergency and intensive
care, treatment of myocardial infarction and elective surgery.

Objective 1
To investigate the extent to which evidence-based care received by stroke patients differs between
in-hours and out-of-hours services in London hyperacute stroke units.

Objective 2
To investigate the extent to which clinical outcomes differ between in-hours and out-of-hours services
in the London hyperacute stroke units.

Objective 3
To investigate how in-hours and out-of-hours services are organised and provided in London
hyperacute stroke units.

Objective 4
To investigate how these services are perceived by stakeholders (including stroke clinicians, patients
and carers).

Objective 5
To investigate the costs of acute stroke care in London hyperacute stroke units on different days and
at different times of admission.

Methods

We took a mixed-methods approach to study if, how and why there was temporal variation in stroke
care and outcomes. Variation in quality of acute stroke care and outcomes was studied through a
prospective cohort study, using anonymised patient-level data from the Sentinel Stroke National Audit
Programme. The factors influencing variations in care and outcomes were studied through interview
and observation data, and analysed using thematic analysis. To study the impact of nursing on care
delivery and outcomes, we identified the characteristics of the nurse staffing on the hyperacute stroke
unit at the time that each patient was admitted to the hospital, and tested whether or not these
factors were associated with delivery of care processes and outcomes.

A total of 7094 patients with a primary diagnosis of stroke admitted between January and December
2014 were included in our Sentinel Stroke National Audit Programme data set. We interviewed
hyperacute stroke unit staff (n = 76), including doctors, nurses, therapists and administrators, and
31 patients and carers. In addition, we conducted non-participant observations of delivery of care at
different times of the day and week (n = 45, ≈102 hours). We analysed the data for thematic content
relating to the ability of staff to provide evidence-based interventions consistently at different times of
the day and week.
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Main findings

Our analysis of the extent to which evidence-based care (objective 1), clinical outcomes (objective 2)
and costs (objective 5) differ between in-hours and out-of-hours services in London hyperacute stroke
units found the following:

l London hyperacute stroke units did not operate a 24/7 service in all aspects of acute stroke care,
but nor are they designed to.

l There was no variation in 3-day mortality and modified Rankin Scale score at hospital discharge by
day of admission.

l In accordance with national and local stroke standards, London hyperacute stroke units did not vary
temporally in quality of care by day and time of admission across the week in terms of timely access to:

¢ brain scanning
¢ stroke nursing care
¢ thrombolysis.

l Other time-dependent quality-of-care measures did vary significantly across the week in London
hyperacute stroke units.

l Three patterns of variation were detected:

¢ by time of day, but not by day of the week
¢ by day of the week, but not by time of day
¢ by time of day and by day of the week.

l There was little variation in the cost of care processes, including receipt of thrombolysis, across the
week, although length of stay on the hyperacute stroke unit and total length of stay were longer for
patients admitted at the weekend.

l When incorporating total length of stay, the additional mean cost per patient was £445–668,
depending on when the patient was admitted during the weekend.

l Those who were admitted 20.00–07.59 on a weekday had similar costs to those who were admitted
08.00–19.59 on a weekday.

Our analysis of temporal variation in nurse staffing and the effect on quality-of-care measures
(objectives 1–3) found the following:

l Many hyperacute stroke units timetabled nurses at higher bands (e.g. band 7) to take on senior
nursing tasks, such as the nurse-in-charge role during the day on weekdays.

l Quality of care was better if the nurse in charge was on a higher band and/or there were more
nurses on duty.

l The more senior the nurse in charge, then the less likely it was for a patient to see a stroke
physician within the first 12 or 24 hours.

l Nurse staffing had a direct effect on quality-of-care measures soon after arrival at the hospital (brain
scan within 1 hour, dysphagia screen within 4 hours and admission to a stroke unit within 4 hours).

l Wards were organised and made efficient by senior nurse care.
l In both the acute admission area and the ward area of hyperacute stroke units there are some

specific tasks that require the attendance of a senior nurse.
l Senior nurse care was demonstrated to make a difference to some outcomes (brain scan within

1 hour and dysphagia screen within 4 hours), but this may be compromised if the senior nurse has
to manage two areas.

l Junior nurses in some hyperacute stroke units were trained to perform certain tasks so that they
could ‘act up’ to senior roles; however, they were still unable to juggle the many additional demands
of the senior role.
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Our analysis of how in-hours and out-of-hours services were organised and provided in London
hyperacute stroke units (objective 3) and how such services were perceived by stakeholders (including
stroke clinicians, patients and carers) (objective 4) revealed the following:

l The 24/7 stroke services were built on top of ‘old-fashioned’ models of team practice.
l This was minimally disruptive to previous practices: ward rounds and therapy rota models were not

changed significantly.
l Consistency was achieved by:

¢ adapting and extending roles
¢ creating continuities between different times of day
¢ building relationships and trust
¢ prioritisation of ‘front-door’ interventions.

l There were unintended consequences of adaptations, however, such as delays in repatriation, higher
levels of pressure for staff and increased admissions to the hyperacute stroke units at night.

l Variation persisted because of inconsistencies in:

¢ medical, managerial and allied health professional staffing by time of day
¢ delivery of therapist assessments
¢ barriers in repatriation processes.

Our study has revealed a new way of thinking about temporal consistency, characterised by
the following:

l Sentinel Stroke National Audit Programme and London stroke service standards dominated the
timing of clinical events in the ‘front-door’ part of the patient pathway through setting of micro
time limits (1 hour, 4 hours, etc.).

l Sentinel Stroke National Audit Programme metrics later in the patient pathway had longer time
limits (24 hours and 72 hours) that are not indicative of clinical benefit, but reflect cultural norms
about rotas and activities (e.g. ward rounds), and which have financial implications.

l Assessing temporal variation in events that occur more than 1 hour after arrival in terms of
‘in-hours’ and ‘out-of-hours’ arrival periods should take account of temporal structures, such as
therapy rotas and ward rounds, which may determine timing of clinical contacts.

l Repatriation from the hyperacute stroke unit is temporally structured by working patterns of other
departments and organisations.

l Measuring temporal concepts, such as clustering, pressure and bottlenecks, is as important
as consistency.

Recommendations and future research priorities

For stroke and other services to achieve greater consistency in provision and outcomes of care, they
will need to overcome cultural acceptance of ‘difference’ at weekends and at night. This will otherwise
continue to restrict quality improvement and cause frustration for patients who cannot be repatriated
or make therapeutic advances. To achieve this consistency, research should focus on:

l Optimal patterns of staffing and care delivery given resource constraints; for example, therapeutic
coverage, rota lengths and ward rounds.

l Indepth analysis of interdependencies that influence 24/7 delivery of care, with services external to
the hyperacute stroke unit, both within and beyond the host hospital.

l The impact of stroke admission at different times of the week on longer-term mortality and
disability outcomes.

l Learning from other efforts to deliver clinical interventions 24/7 in stroke and other
clinical settings.
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Future research into temporal variation will continue to be based, at least in part, on clinical audit data,
such as the Senitel Stroke National Audit Programme. Although we have outlined some limitations of
this resource, its accuracy and coverage make it a unique and invaluable source of data. Research using
these data should consider:

l Patterns of timing (e.g. clustering and limit-stretching periods of higher clinical risk) to accurately
visualise temporal variation by times of admission, and to understand why these patterns occur.

l Linked outcomes other than mortality and modified Rankin Scale that are also important to patients
(e.g. mood, quality of life and longer-term morbidity data).

l Patient-centred indicators of quality, which are obtained through primary data collection or
retrospective patient record review, and analysed in terms of temporal variation. Important
examples might include sedentary periods for patients, management of fluid balance, impaired
swallow function, information about what types of intervention are being performed by therapists
at each contact with patients and avoidable delays in repatriation.

Funding

This project was funded by the National Institute for Health Research (NIHR) Health Services and
Delivery Research programme and will be published in full in Health Services and Delivery Research;
Vol. 8, No. 34. See the NIHR Journals Library website for further project information.

Health Services and Delivery Research 2020 Vol. 8 No. 34 (Scientific summary)

© Queen’s Printer and Controller of HMSO 2020. This work was produced by Simister et al. under the terms of a commissioning contract issued by the Secretary of State
for Health and Social Care. 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.

vii





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, and (2) they are of a sufficiently high scientific quality as assessed by the reviewers and editors.

HS&DR programme
The HS&DR programme funds research to produce evidence to impact on the quality, accessibility and organisation of health and
social care services. This includes evaluations of how the NHS and social care might improve delivery of services.

For more information about the HS&DR programme please visit the website at https://www.nihr.ac.uk/explore-nihr/funding-programmes/
health-services-and-delivery-research.htm

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 12/128/41. The contractual start date was in January 2014. The final report began editorial review in June 2019
and was accepted for publication in February 2020. 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 2020. This work was produced by Simister et al. under the terms of a commissioning
contract issued by the Secretary of State for Health and Social Care. 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).

https://www.nihr.ac.uk/explore-nihr/funding-programmes/health-services-and-delivery-research.htm
https://www.nihr.ac.uk/explore-nihr/funding-programmes/health-services-and-delivery-research.htm


Editor-in-Chief of Health Services and Delivery Research and NIHR Journals Library

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

NIHR Journals Library Editors

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 Senior Clinical 

Professor Andrée Le May

Professor Matthias Beck

Dr Tessa Crilly

Dr Eugenia Cronin Senior Scientific Advisor, Wessex Institute, UK

Dr Peter Davidson

Ms Tara Lamont

Dr Catriona McDaid

Professor William McGuire

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

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

Professor James Raftery

Dr Rob Riemsma

Professor Helen Roberts

Professor Jonathan Ross

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 Martin Underwood

Please visit the website for a list of editors: 

Editorial contact:  



<<
  /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


