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Scientific summary

Background

Coronary artery disease (CAD) is the leading cause of morbidity and mortality in the world. Coronary artery
bypass graft (CABG) surgery is the revascularisation strategy of choice, particularly in patients with complex
CAD or diabetes and/or when aged > 65 years. More recently, higher-risk patients are being operated on
because of the ageing population, the more complex CAD being operated on, coexistent comorbidities
(including diabetes and hypertension) and the increasing occurrence of combined valve surgery. All of these
factors together increase perioperative risk, with a significantly higher incidence of death, stroke and acute
kidney injury (AKI) therefore seen in these patients. Another important implication of the increasing risk
profile of subjects undergoing CABG surgery is the higher magnitude of perioperative myocardial injury
(PMI), which has been recognised as being potentially attributable to a number of pathogenetic factors,
the most important of which is ischaemia–reperfusion injury. Ischaemia–reperfusion injury is sustained as a
consequence of intermittent aortic cross-clamping, intermittent or continuous administration of cardioplegia,
or cross-clamp fibrillation. This can be measured using imaging diagnostic modalities and most importantly
with the postoperative rise in serum concentrations of cardiac biomarkers, such as creatine kinase MB and
troponin T or I. Studies have demonstrated that a postoperative increase in such cardiac biomarkers is
associated with worse short- and long-term clinical outcomes, with increases in morbidity and mortality.
Therefore, novel cardioprotective strategies are required to protect these patients to reduce PMI and the
incidence of potentially devastating complications including stroke, AKI and death.

In this regard, remote ischaemic preconditioning (RIPC), which describes the phenomenon by which brief
episodes of transient ischaemia–reperfusion of an organ or tissue distant from another organ or tissue are
able to protect the latter from ischaemia–reperfusion, has emerged as a novel, non-invasive and low-cost
intervention capable of reducing PMI in patients undergoing cardiac surgery and therefore improving
short- and long-term clinical outcomes in these subjects. Since its description in an animal model by
Przyklenk et al. in 1993 and its first application in healthy human volunteers by Kharbanda et al. in 2002,
the concept of RIPC has been applied to different clinical settings including elective cardiac surgery,
non-cardiac surgery, elective or primary percutaneous coronary intervention and organ transplantation
(Przyklenk K, Bauer B, Ovize M, Kloner RA, Whittaker P. Regional ischemic ‘preconditioning’ protects
remote virgin myocardium from subsequent sustained coronary occlusion. Circulation 1993;87:893–9;
Kharbanda RK, Mortensen UM, White PA, Kristiansen SB, Schmidt MR, Hoschtitzky JA, et al. Transient limb
ischemia induces remote ischemic preconditioning in vivo. Circulation 2002;106:2881–3). However,
particularly in the context of elective CABG surgery, outcomes from randomised clinical trials have been
often discordant and this could be for a number of reasons, including patient characteristics, the clinical
setting and the use of concomitant medications. Crucially, the vast majority of these studies were relatively
small proof-of-concept trials primarily investigating the potential effects of RIPC on PMI and only a much
smaller proportion of studies assessed RIPC implications for clinical outcomes, a finding for which such
studies were not sufficiently powered.

We therefore conducted a multicentre randomised sham controlled trial to investigate the effects of RIPC
on clinical outcomes in higher-risk patients undergoing CABG surgery with or without valve surgery [the
Effect of Remote Ischaemic preconditioning on Clinical outcomes in patients undergoing Coronary Artery
bypass graft surgery (ERICCA) trial].
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Objectives

The specific research questions addressed in this trial were:

l Does RIPC improve the combined primary end point of death, revascularisation, stroke and myocardial
infarction (MI) in higher-risk patients undergoing CABG surgery with or without valve surgery at
12 months post surgery?

l Does RIPC improve any of these clinical outcomes individually in higher-risk patients undergoing CABG
surgery with or without valve surgery at 30 days and 12 months post surgery?

l Does RIPC improve PMI, AKI, inotrope requirement, intensive care and hospital stay duration and
quality of life in higher-risk patients undergoing CABG surgery with or without valve surgery?

Methods

The ERICCA trial recruited 1612 higher-risk [euroSCORE (European System for Cardiac Operative Risk) of
≥ 5] patients undergoing CABG with or without valve surgery from 30 surgical centres in the UK.

Patients randomised to receive RIPC had a standard blood pressure cuff placed on the upper arm and
inflated to 200mmHg for 5 minutes and then deflated for 5 minutes, a cycle that was performed four
times in total. The control group received simulated 5-minute inflations/deflations of a standard blood
pressure cuff placed on the upper arm, a cycle that was repeated four times. These interventions were
undertaken after the induction of anaesthesia.

The primary analysis compared the rate of major adverse cardiac and cerebrovascular events (MACCE)
within 12 months between the RIPC arm and the sham control arm using Cox proportional hazards models.
The same time-to-event methods were used to evaluate 30-day MACCE; components of 30-day and
12-month MACCE; and all-cause death at 12 months. To compare subgroups with regard to the effect of
treatment on the incidence of MACCE, we included an interaction between treatment group and the
subgroup variable in the time-to-event model. The primary analysis was conducted on an intention-to-treat
(ITT) basis and included all participants regardless of whether the RIPC or sham control procedure was
performed and whether or not CABG (with or without valve) surgery was performed. We also carried out a
per-protocol (PP) analysis that was restricted to participants who received the RIPC and sham control
protocols as specified and underwent CABG (with or without valve) surgery.

Results

Between April 2011 and March 2014, 1612 patients undergoing on-pump CABG (with or without valve)
surgery with blood cardioplegia were recruited. The treatment groups (n= 811 sham control group,
n= 801 in RIPC group) were well balanced in respect of both patient baseline characteristics and surgical
details. Use of cardiovascular medications during follow-up was similar in the two treatment groups. There
were very few participants lost to follow-up before 12 months [28 (3%) sham control group vs. 19 (2%)
RIPC group]. All 1612 patients were included in the analysis of the primary outcome.

The proportion of participants with the MACCE primary end point within 12 months was similar between
the groups [26.5% (n= 212) RIPC group vs. 27.7% (n= 225) control group; hazard ratio (HR) 0.95, 95%
confidence interval (CI) 0.79 to 1.15; p= 0.58]. We found no difference between the groups in any of the
individual components of MACCE (cardiovascular death, MI, stroke and coronary revascularisation).

The results of the PP analysis and ITT analyses were very similar, with little difference in the incidence of
MACCE between the intervention groups. In the PP analysis 27.2% (n= 188/691) of participants in the
RIPC group experienced MACCE within 12 months compared with 28.5% (n= 204/717) in the sham
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control group (HR 0.95, 95% CI 0.78 to 1.16; p= 0.64). No evidence was identified that the effect of RIPC
was different between any of the prespecified subgroups, including age, euroSCORE, cross-clamp and
bypass times, left ventricular ejection function and diabetes.

In addition, multiple imputation analyses undertaken to account for missing data on the perioperative
high-sensitivity troponin T (hsTnT) assay provided no evidence of a reduction in total hsTnT release in the
3 postoperative days (observed 2.0% reduction, 95% CI 9% reduction to 6% increase; p= 0.63).

Participants in the RIPC arm had a walk distance on the 6-minute walk test (6MWT) at 12 months that was
23.3 metres further than that of sham control participants (95% CI 2.2 to 44.4 metres); however, only
785 participants completed the 6MWT on one or more occasions and this finding should therefore be
interpreted cautiously.

There was no evidence of any effect of RIPC on any of the other secondary end points, including the rate
of the combined end point at 30 days, death within 12 months, postoperative atrial fibrillation, AKI,
postoperative release of neutrophil gelatinase-associated lipocalin (a marker of renal injury) and duration
of intensive care unit and hospital stay.

There was no difference in the rate of adverse events between the RIPC group and the control group, with
364 out of 801 cases (45.4%) compared with 354 out of 811 cases (43.6%) respectively. Understandably,
35 out of 736 patients in the RIPC group (4.8%) compared with 2 out of 760 patients in the sham group
(0.3%) experienced skin petechiae at the time of the intervention, albeit with no long-term consequences.
A similar proportion in the RIPC and sham control groups experienced adverse events at times other than
during the RIPC/sham control intervention [n= 318/811 (39%) vs. n= 314/801 (39%)]: however, none of
these events was considered to be related to the intervention.

Conclusions

Remote ischaemic preconditioning, consisting of four 5-minute cycles of ischaemia–reperfusion of the
upper arm, did not improve clinical outcomes in higher-risk patients undergoing elective on-pump CABG
with or without valve surgery.

It is possible that RIPC might provide beneficial effects in different clinical settings. In the context of ST
segment elevation MI patients treated with primary percutaneous coronary intervention, the magnitude of
PMI is substantially greater than for cardiac surgery; in this regard, the CONDI2 (Effect of RIC on Clinical
Outcomes in STEMI Patients Undergoing pPCI)/ERIC-PPCI (Effect of Remote Ischaemic Conditioning on
Clinical Outcomes in STEMI Patients Undergoing PPCI) trial [see www.clinicaltrials.gov: NCT01857414 and
NCT02342522 (accessed 17 March 2016)] will investigate the effect of RIPC on major clinical outcomes in
this group of patients. In addition, the recently completed REPAIR (REmote preconditioning for Protection
Against Ischaemia–Reperfusion in renal transplantation) trial (ISRCTN30083294) found that RIPC using
transient arm ischaemia–reperfusion preserved renal graft function at 12 months following renal
transplantation. It is therefore crucial to continue to investigate the potential mechanisms underlying RIPC
as this may facilitate the translation of this simple, non-invasive, risk-free, low-cost intervention into
beneficial effects on patient outcomes.

Trial registration

This trial is registered as ClinicalTrials.gov NCT01247545.

EFFICACY AND MECHANISM EVALUATION 2016 VOL. 3 NO. 4 (SCIENTIFIC SUMMARY)

© Queen’s Printer and Controller of HMSO 2016. This work was produced by Hausenloy 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

http://www.clinicaltrials.gov


Funding

This project was funded by the Efficacy and Mechanism Evaluation programme, a MRC and NIHR
partnership, and the British Heart Foundation.

SCIENTIFIC SUMMARY: THE ERICCA STUDY

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

vi



Efficacy and Mechanism Evaluation

ISSN 2050-4365 (Print)

ISSN 2050-4373 (Online)

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

Editorial contact: nihredit@southampton.ac.uk

The full EME archive is freely available to view online at www.journalslibrary.nihr.ac.uk/eme. 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 Efficacy and Mechanism Evaluation journal
Reports are published in Efficacy and Mechanism Evaluation (EME) if (1) they have resulted from work for the EME programme, and
(2) they are of a sufficiently high scientific quality as assessed by the reviewers and editors.

EME programme
The Efficacy and Mechanism Evaluation (EME) programme was set up in 2008 as part of the National Institute for Health Research (NIHR)
and the Medical Research Council (MRC) coordinated strategy for clinical trials. The EME programme is broadly aimed at supporting ‘science
driven’ studies with an expectation of substantial health gain and aims to support excellent clinical science with an ultimate view to improving
health or patient care.

Its remit includes evaluations of new treatments, including therapeutics (small molecule and biologic), psychological interventions, public
health, diagnostics and medical devices. Treatments or interventions intended to prevent disease are also included.

The EME programme supports laboratory based or similar studies that are embedded within the main study if relevant to the remit of the EME
programme. Studies that use validated surrogate markers as indicators of health outcome are also considered.

For more information about the EME programme please visit the website: http://www.nets.nihr.ac.uk/programmes/eme

This report
The research reported in this issue of the journal was funded by the EME programme as project number 09/100/05. The contractual start date
was in November 2010. The final report began editorial review in July 2015 and was accepted for publication in February 2016. The authors
have been wholly responsible for all data collection, analysis and interpretation, and for writing up their work. The EME 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. 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, the MRC, NETSCC, the EME programme or the Department of Health. 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 EME programme or the Department of Health.

© Queen’s Printer and Controller of HMSO 2016. This work was produced by Hausenloy 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).



Efficacy and Mechanism Evaluation Editor-in-Chief

Professor David Crossman Bute Professor of Medicine and Dean and Head of Faculty of Medicine,  
University of St Andrews, and Honorary Consultant Cardiologist, NHS Fife Health Board, 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 Editorial Board and Professor of Public Health, University of Exeter Medical 
School, UK

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

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

Professor Matthias Beck Chair in Public Sector Management and Subject Leader (Management Group),  
Queen’s University Management School, Queen’s University Belfast, UK

Professor Aileen Clarke Professor of Public Health and Health Services Research, Warwick Medical School,  
University of Warwick, UK

Dr Tessa Crilly Director, Crystal Blue Consulting Ltd, UK

Dr Peter Davidson Director of NETSCC, HTA, UK

Ms Tara Lamont Scientific Advisor, NETSCC, UK

Professor Elaine McColl Director, Newcastle Clinical Trials Unit, Institute of Health and Society,  
Newcastle University, UK

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

Professor Geoffrey Meads Professor of Health Sciences Research, Health and Wellbeing Research and 
Development Group, University of Winchester, UK

Professor John Norrie Health Services Research Unit, University of Aberdeen, 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

Please visit the website for a list of members of the NIHR Journals Library Board: 
www.journalslibrary.nihr.ac.uk/about/editors

Editorial contact: nihredit@southampton.ac.uk

Dr Eugenia Cronin Senior Scientific Advisor, Wessex Institute, UK

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


