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Abstract
Background: The high impact of a cancer diagnosis on patients and their families and the increasing costs of
cancer treatment call for optimal and efficient oncological care. To improve the quality of care and to minimize
healthcare costs and its economic burden, many healthcare organizations introduce care pathways to improve
efficiency across the continuum of cancer care. However, there is limited research on the effects of cancer care
pathways in different settings.
Methods: The aim of this systematic review and meta-analysis described in this protocol is to synthesize existing
literature on the effects of oncological care pathways. We will conduct a systematic search strategy to identify all
relevant literature in several biomedical databases, including Cochrane library, MEDLINE, Embase, and CINAHL. We
will follow the methodology of Cochrane Effective Practice and Organisation of Care (EPOC), and we will include
randomized trials, non-randomized trials, controlled before-after studies, and interrupted time series studies. In
addition, we will include full economic evaluations (cost-effectiveness analyses, cost-utility analyses, and costbenefit analyses), cost analyses, and comparative resource utilization studies, if available. Two reviewers will
independently screen all studies and evaluate those included for risk of bias. From these studies, we will
extract data regarding patient, professional, and health systems outcomes. Our systematic review will follow
the PRISMA set of items for reporting in systematic reviews and meta-analyses.
Discussion: Following the protocol outlined in this article, we aim to identify, assess, and synthesize all
available evidence in order to provide an evidence base on the effects of oncological care pathways as
reported in the literature.
Systematic review registration: PROSPERO CRD42017057592.
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Background
Description of the condition

Cancer (malignant neoplasm) is a generic term for a
large group of diseases that can affect any part of the
body. One of its defining features is the rapid growth of
abnormal cells beyond their usual boundaries that can
then invade adjoining parts of the body and/or spread to
other organs; this process is referred to as metastasis formation and is the major cause of death from cancer [1].
As one of the leading causes of morbidity and mortality worldwide, cancer is a major public issue. Data from
2012 showed 14 million new cases and 8.8 million
cancer-related deaths worldwide [2]. The most commonly diagnosed cancers were lung (1.82 million), breast
(1.67 million), and colorectal (1.36 million). Similarly,
the most common causes of cancer death were lung cancer (1.6 million deaths), liver cancer (745,000 deaths),
and stomach cancer (723,000 deaths). The incidence
data were derived from population-based cancer registries: however, these cancer registries do not cover all
national populations [2]. Advances in medical technology have contributed to the growth of an aging population with a greater life expectancy but will at the same
time lead to an ever-increasing cancer burden over the
next decades, particularly in low- and middle-income
countries, where over 20 million new cancer cases are
expected annually by 2025 [3].
Given the global incidence of cancer and its mortality,
cancer imposes a substantial economic burden on society. Considerable healthcare costs are associated with its
prevention and management, and indirect costs result
from patients’ inability to work [4]. Warren et al. state
that the costs of initial cancer treatments are steadily increasing, as more patients are receiving surgery and adjuvant therapy, and the costs of these treatments are
rising [5].
To minimize the burden of cancer for patients, healthcare professionals, and health care organizations, effective and efficient organization of cancer care is vital.
Cancer care is complex and depends upon careful coordination between various healthcare organizations and
providers. Regular communication and exchange of
technical information between all those involved in
treatment (including patients, general practitioners,
medical specialists, and other specialty disciplines) must
be guaranteed [6]. One way to provide patient-centered
care, reduce waiting times, and improve the quality of
cancer care is to introduce care pathways [7, 8].
Description of the intervention

Care pathways, also known as “integrated care pathways,” “clinical pathways,” “critical pathways,” or “care
plans,” have been implemented since the 1980s as
tools to facilitate evidence-based healthcare. Kinsman
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et al. developed five criteria to define a care pathway
[9]. Rotter et al. tested these criteria and refined the
definition into four criteria, including a structured
multidisciplinary plan of care, which translates guidelines into local structures, detailing the steps in a
course of treatment or care in a plan of actions, and
aiming to standardize care [10].
From the perspective of healthcare professionals
and organizations, care pathways are emerging as
welcome strategies for quality improvement. They
help to improve multidisciplinary communication and
care planning, optimize the safety and quality of care,
and increase patient satisfaction [11]. Focusing on
the whole pathway of care, including the care delivered to patients from diagnosis, through treatment,
to living with and beyond cancer, care pathways
organize efficient transitions between healthcare organizations. They are able to link evidence to practice via integration of guidelines into local systems
and, consequently, optimize patient outcomes and
maximize clinical efficiency [12]. The systematic review of Rotter et al. showed that care pathways reduced in-hospital complications and improved
documentation among healthcare professionals. These
authors also found that most studies reported a decreased length of stay and a reduction in hospital
costs after care pathways were implemented [12].
However, in spite of some evidence for the use and
effects of oncological care pathways, this evidence is
often limited to only a small number of pathways or
only a limited part of a pathway; available studies report the effects of care pathways for breast cancer
[13–16], colorectal cancer [17], lung cancer [18], and
prostate cancer [19].
Evidence is lacking not only about the use and effects
of care pathways but also about the implementation of
these pathways. Studies of strategies for implementation
of guidelines, rather than pathways, are more common
[20, 21]. Furthermore, Jabbour et al. stated that the true
impact of pathways has been limited because the implementation strategies are variable and the research designs are suboptimal [22]. Therefore, it is important to
identify the existing knowledge about implementation
and the circumstances under which care pathways lead
to improved care.
Although care pathways are frequently applied in cancer care, to our knowledge, systematic reviews of the
whole pathway of oncology care and its effects are not
available. We therefore present the systematic review as
described in this protocol, for which we follow the Preferred Reporting Items for Systematic Review and MetaAnalyses (PRISMA) (see Additional file 1) [23], in order
to improve the current knowledge based on the effects
of oncological care pathways.
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Methods
Review questions and objectives
1. The primary question is: What are the effects of
oncological care pathways on patient, professional,
and health system outcomes within primary and
secondary (hospital) care settings?
2. The secondary review questions are: (1) What are
the differences in the implementation of oncological
care pathways in primary and secondary (hospital)
care? And (2) can we explain how these differences
might lead to different outcomes?
For the purpose of this review, we will define usual
care as treatment determined at the discretion of the attending healthcare professional. Unless studies specify
that the control group utilizes some form of standardized care, we will assume the control group utilizes this
definition of usual care.
Criteria for considering studies for this review

We will include all studies that address the questions
and objectives of our systematic review. We will include
studies which tested the implementation of care pathways in primary and secondary (hospital) care and of
intersectional care pathways in all healthcare settings.
Types of studies

We will include all primary, quantitative studies which
utilize the following study designs: randomized trials,
non-randomized trials, controlled before-after studies,
and interrupted time series studies according to the
EPOC study design criteria [24]. Where available, we will
include full economic evaluations (cost-effectiveness
analyses, cost-utility analyses, and cost-benefit analyses),
cost analyses, and comparative resource utilization studies. We will exclude retrospective cohort studies, prospective cohort studies, cross-sectional studies, and
case-control studies.
Definition of care pathways

Because there are many definitions of “care pathways”
[9], we will use the working description which was tested
and refined in a previous review by Rotter et al. [10]:
1. The intervention was a structured, multidisciplinary
plan of care.
2. The intervention was used to translate guidelines or
evidence into local structures.
3. The intervention detailed steps in a course of
treatment or care in a plan, pathway, algorithm,
guideline, protocol, or other “inventory of actions”
(i.e., the intervention had time frames or criteriabased progression).
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4. The intervention aimed to standardize care for a
population of cancer patients.
An intervention is considered to be a care pathway
only if it meets all four criteria. Otherwise, the study will
be excluded.
Types of institutions and participants

Participants will include patients, care providers, and
healthcare organizations in primary and secondary care.
All cancer types will be included. Regarding the care
providers, we will consider all health professionals, including general practitioners, doctors, nurses, physiotherapists, pharmacists, occupational therapists, social
workers, dietitians, psychologists, psychiatrists, and dentists involved in oncological care pathway utilization. Finally, we will group the included studies into primary
and secondary care pathways. Also, we will synthesize
and report on the studies according to the context in
which they have been implemented (primary or secondary care).
Primary outcomes

Objectively measured patient outcomes include (in-patient) mortality, mortality at the end of follow-up, readmissions (hospital setting), (in-hospital) complications,
hospital admissions, adverse events, discharge destinations, performance status, patient satisfaction, quality of
life, and absence from work.
Objectively measured professional outcomes include
quality measures appropriate to the specific aim of the
care pathway, staff satisfaction, team functioning, guideline adherence, and adherence to evidence-based
practice.
Objectively defined systems-level outcomes include
length of stay, waiting times, and costs.
Secondary outcomes

Any reported measure of the following implementation
strategies and methods will be included. We will use the
evidence-informed strategies identified and employed by
the Cochrane authors in their systematic review,
although Rotter et al. [12] found that reporting of implementation processes was generally poor. Further, we will
extract the reported evidence-based processes for
developing and implementing care pathways in primary
and secondary care. We will group the reported implementation activities according to whether they used
evidence-informed strategies. We will categorize reported strategies into (1) pathway development [12, 25],
(2) implementation planning [12, 26], (3) pathway
education [12, 25, 27], and (4) feedback and reminder
systems [12, 27, 28].
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Potential activities involved in pathway implementation include project groups, clinician involvement, local
consensus processes, use of an implementation team,
identification of potential barriers to change, identification of evidence-practice gaps, local opinion leaders,
educational meetings and outreach, printed educational
materials, audit and feedback, and electronic reminder
systems.

Search methods

We will search the Cochrane Database of Systematic Reviews and the Database of Abstracts of Reviews of Effects (DARE) to identify related systematic reviews. The
initial search strategy has been developed for OVID
MEDLINE and will be translated for other databases
(see Additional file 2). We will apply three methodological filters: randomized controlled trials, EPOC designs (controlled before-after studies, interrupted time
series studies, and quasi-experimental designs), and economic studies to identify cost-effectiveness analyses,
cost-utility analyses, and cost-benefit analyses. Search
strategies will use controlled vocabulary such as Medical
Subject Headings (MeSH) and EMTREE (Embase), and
keyword phrases. All databases will be searched from
the date of inception forward with neither date nor language limits.
The databases searched are the following:
 Cochrane Central Register of Controlled Trials,











Cochrane Library (Wiley)
DARE, NHS Economic Evaluation Database (EED),
Health Technology Assessment Database (HTA)
(Wiley)
MEDLINE, Epub Ahead of Print; In-Process &
Other Non-Indexed; MEDLINE R; MEDLINE R
Daily (OVID) 1946 to present
Embase (OVID) 1947 to present
CINAHL (EBSCO) 1981 to present
Latin American and Caribbean Health Science
Information database (LILACS); via Virtual Health
Library, http://lilacs.bvsalud.org/en/ 1982 to present
Scientific Electronic Library Online (SciELO) http://
www.scielo.org/php/index.php 1940 to present
The American Economic Association’s database for
economic literature, EconLit (EBSCO) 1969 to
present

Searching other resources
Trial registries
 ClinicalTrials.gov—US National Library of Medicine

https://clinicaltrials.gov

Page 4 of 7

 International Clinical Trials Registry Platform

(ICTRP)—World Health Organization http://
apps.who.int/trialsearch/
Gray literature

We will search a selection of gray literature sources to
identify citations not indexed in the standard bibliographic databases above. Sites will include, but not be
limited to, the following:
 Open Gray www.opengrey.eu/
 The Gray Literature Report, New York Academy of

Medicine (1996 to present) http://www.greylit.org
 Open Clinical http://www.openclinical.org/

home.html
 Organizational web sites and professional

organizations related to clinical pathways and
implementation.
European Pathway Association http://e-p-a.org
We will also:
 Screen the following individual journals (e.g., hand

search):

International Journal of Care Pathways

International Journal of Integrated Care
 Review reference lists of all included studies,

relevant systematic reviews/primary studies
 Contact authors of relevant studies/reviews to clarify

reported published information and/or to seek
unpublished results/data
 Contact researchers with expertise relevant to the
review topic/ EPOC interventions.
 Conduct a cited reference search on those studies
included in our review in Web of Science
 Contact the corresponding author to request full
text in case of the full text is missing.
Data extraction

Two reviewers will independently screen all titles and
abstracts, using Covidence (www.covidence.org). A third
reviewer will be consulted in case of disagreement between the two reviewers. We will further examine potentially relevant studies, using full-text copies.
Two review authors will independently extract data,
directly from included studies. Where necessary, we will
request additional information from the authors of primary studies. When we include systematic reviews in
the analysis, we will assess the methodological quality of
these reviews using the Assessing the Methodological
Quality of Systematic Reviews (AMSTAR) tool [29].
When data are missing, we will not impute any values.
Areas of data extraction will include:
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 Study characteristics: publication year, country,








length of follow-up period, urban vs. rural location,
and inclusion criteria
Population characteristics (of patients): age, gender,
number of patients, and type of cancer
Population characteristics (of professionals): types of
healthcare professionals, number of health
professionals involved in development, and
healthcare setting
Intervention characteristics: evidence-based
development and implementation strategy(ies)
reported.
Outcomes: patient, professional, and systems
(means, averages, and other uncertainty measures)

Risk of bias assessment

For randomized trials, non-randomized trials, controlled
before-after studies, and interrupted time series studies,
we will use the validated criteria suggested by the
Cochrane EPOC group to assess the risk of bias in studies with control groups [24].
The review team will identify criteria for assessing randomized trials, non-randomized trials, and controlled
before-after studies: sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, similarity of baseline
measures, similarity of baseline characteristics, management of incomplete outcome data, selective outcome
reporting, and other risks of bias.
The review team will also identify criteria assessing
interrupted time series studies: intervention independent
of other changes, shape of effect pre-specified, intervention unlikely to affect data collection, blinding of outcome assessment, management of incomplete data,
selective outcome reporting, and other risks of bias.
We will summarize the results of the risk of bias assessment across studies and present them in a tabular
format.
Data analysis

We will undertake meta-analyses if we find more than
two comparable studies which report similar outcomes,
within similar contexts, and without statistical heterogeneity. To perform a meta-analysis, we will use RevMan
[30] for calculating a pooled effect (if the clinical and
statistical homogeneity across groups of studies is sufficient), using both fixed and random effect models to assess the robustness of the results [31].
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inflation and present these data in US dollars for a common price year.
Assessment of heterogeneity

We will assess heterogeneity within the review and
analyze the comparability of the results from individual
studies (I2 = [(Q df )/Q] × 100%). The cutoff for substantial statistical heterogeneity will be an I2 greater than
50%. In addition to considering the quantitative measure
of I2, we will perform the Cochran’s Q statistical test for
heterogeneity [32].
Assessment of reporting biases

In cases where we find more than 10 studies, we will assess potential reporting biases by visual inspection of
counter-enhanced funnel plots [33, 34]. To test for funnel plot asymmetry, we will use the test proposed by
Egger [35] or the modified version of the Egger test proposed by Harbord in case of small study effects in metaanalyses of controlled trials with binary endpoints [36].
Subgroup analysis

We will perform a subgroup analysis of the reported primary and secondary outcomes.
We will group studies according to the following
categories:
 Country(ies) where the study was carried out
 Setting(s) where the implementation of care

pathways occurred
 Year of publication, to assess differences in

outcomes reported over time
 Quality of studies: high versus low risk of bias
 Age of population: studies including children versus

adults
 Cancer type for which the care pathway was

developed and implemented
In our subgroup analyses, we will be using the quantity
I2 for estimating heterogeneity, based on Cochran’s Q
test, and both statistics will be provided in our forest
plots to depict the pooled estimates.
Sensitivity analysis

We will use sensitivity analyses to explore the robustness
of the results by investigating the effects of including
and excluding studies with high and unclear risks of bias
from the analysis.

Data synthesis

We will report details on the number of retrieved references, obtained full-text papers, and the included and
excluded articles. We will present results of metaanalyses using forest plots. We will adjust cost data for

Ongoing studies

We will describe identified ongoing studies, where available, detailing the primary author, research question(s),
methods, and outcome measures. In addition, we will
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contact the authors of ongoing studies to request raw
data for inclusion in our review.

Discussion
The systematic review outlined in this protocol aims to
identify, assess, and synthesize all quantitative studies on
the effects of care pathways for oncological care meeting
the EPOC study design criteria. As a result, the review
will provide an evidence base for cancer care pathways
regarding patient effects, cost-effectiveness, and implications for implementation. Disseminating the results of
the systematic review will be done by publishing the systematic review in a peer-reviewed journal and presenting
the results at relevant symposia.
The methodological quality of our systematic review
will be reported by using the AMSTAR tool [29].
Additional files
Additional file 1: PRISMA 2009 checklist. (PDF 55 kb)
Additional file 2: OVID MEDLINE search strategy oncology care
pathways review. (PDF 23 kb)
Abbreviations
CBA: Controlled before-after study; EPOC: Effective Practice and Organisation
of Care; ITS: Interrupted time series; LOS: Length of stay; NRCTs: Nonrandomized trial; RCTs: Randomized controlled trial
Funding
None.
Availability of data and materials
Not applicable.
Authors’ contributions
All review authors contributed to the production of the protocol. JvH and TR
led the writing of the protocol; all other review authors provided comments
and suggestions. MF developed the search strategy and conducted the
literature searches. JvH and RV screened all the titles and abstracts for
eligibility and assessed all the primary studies. JvH and RV extracted the data
and undertook the analysis. TR and SS gave advice on the methodological
issues and statistical analysis. TR acted as arbitrator should disagreement
arise. JvH and TR led the writing of the full review. TR, SS, and PN critically
appraised the review findings and conclusions to access the practical
relevance and the transferability of the international evidence. All authors
read and approved the final manuscript.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
All authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department Health Technology and Services Research (HTSR), University of
Twente, P.O. Box 217, 7500 AE Enschede, the Netherlands. 2Netherlands

Page 6 of 7

Comprehensive Cancer Organisation (IKNL), P.O. Box 19079, 3501 DB Utrecht,
the Netherlands. 3College of Pharmacy and Nutrition, University of
Saskatchewan, Saskatoon, Canada. 4College of Pharmacy, Department of
Pharmacology, University of Utah, Salt Lake City, USA. 5Wilhelmina Hospital,
Assen, the Netherlands. 6Healthcare Quality Programs, School of Nursing,
Queen’s University, Kingston, Ontario, Canada.
Received: 16 August 2017 Accepted: 25 January 2018

References
1. WHO, 2017. http://www.who.int/cancer/en. Accessed 2018.
2. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM,
Forman D, Bray F. Cancer incidence and mortality worldwide: sources,
methods and major patterns in GLOBOCAN 2012. Int J Cancer. 2015;136:
E359–86.
3. Bray F. Transitions in human development and the global cancer burden. In:
Wild CP, Stewart B, editors. World cancer report 2014. Lyon: International
Agency for Research on Cancer; 2014.
4. Luengo-Fernandez R, Leal J, Gray A, Sullivan R. Economic burden of cancer
across the European Union: a population-based cost analysis. Lancet. 2013;
14(12):1165–74.
5. Warren JL, Yabroff KR, Meekins A, Topor M, Lamont EB, Brown ML.
Evaluation of trends in the cost of initial cancer treatment. J Natl Cancer
Inst. 2008;100(12):888–97.
6. Fennell ML, Prabhu Das I, Clauser S, Petrelli N, Salner A. The organization of
multidisciplinary care. J Natl Cancer Inst Monogr. 2010;40:72–80.
7. Van Hoeve J, Elferink MAG, Klaase JM, Kouwenhoven EA, Schiphorst PPJBM,
Siesling S. Long-term effects of a regional care pathway for patients with
rectal cancer. Int J Color Dis. 2015;30:787–95.
8. Van Hoeve J, de Munck L, Otter RJ, de Vries, Siesling S. Quality improvement
by implementing an integrated oncological care pathway for breast cancer
patients. Breast. 2014;23:364–70.
9. Kinsman L, Rotter T, James E, Snow P, Willis J. What is a clinical pathway?
Development of a definition to inform the debate. BMC Med. 2010;8:31.
10. Rotter T, Kinsman L, Machotta A, Zhao FL, van derWeijden T, Ronellenfitsch
U, Scott SD. Clinical pathways for primary care: effects on professional
practice, patient outcomes, and costs. Cochrane Database of Systematic
Reviews 2013;(8):CD010706. https://doi.org/10.1002/14651858.CD010706.
11. Campbell H, Hotchkiss R, Bradshaw N, Porteous M. Integrated care
pathways. Br Med J. 1998;316:133–7.
12. Rotter T, Kinsman L, James E, Machotta A, Gothe H, Willis J, Snow P, Kugler
J. Clinical pathways: effects on professional practice, patient outcomes,
length of stay and hospital costs. Cochrane Database Syst Rev. 2010;3:
CD006632.
13. Santoso U, Lau PT, Lim J, Koh CS, Pang YT. The mastectomy clinical
pathway: what has it achieved? Ann Acad Med Singap. 2002;31(4):440–5.
14. Richter-Ehrenstein C, Heymann S, Schneider A, Vargas Hein O. Effects of a
clinical pathway 3 years after implementation in breast surgery. Arch
Gynecol Obst. 2012;285(2):515–20.
15. Tastan S, Hatipoglu S, Iyigun E, Kilic S. Implementation of a clinical pathway
in breast cancer patients undergoing breast surgery. Eur J of Oncol Nursing.
2012;16(4):368–74.
16. Van Dam PA, Verheyden G, Sugihara A, Trinh XB, Van Der Mussele H, Wuyts
H, Verkinderen L, Hauspy J, Vermeulen P, Dirix L. A dynamic clinical pathway
for the treatment of patients with early breast cancer is a tool for better
cancer care: implementation and prospective analysis between 2002-2010.
World J Surg Oncol. 2013;16(11):70.
17. Ishiguro S, Yamamoto S, Fujita S, Akasu T, Kobayashi Y, Moriya Y. Effect of a
clinical pathway after laparoscopic surgery for colorectal cancer. HepatoGastroenterology. 2008;55(85):1315–9.
18. Maruyama R, Miyake T, Kojo M, Aoki Y, Suemitsu R, Okamoto T, Wataya H,
Ichinose Y. Establishment of a clinical pathway as an effective tool to
reduce hospitalization and charges after video-assisted thoracoscopic
pulmonary resection. Jpn J Thorac Cardiovasc Surg. 2006;54(6):387–90.
19. Konety BR, Painter L, Bahnson RR. A cost containment strategy for radical
retropubic prostatectomy: results from implementation of a clinical pathway
program. Urol Oncol. 1996;2(3):80–7.
20. Barosi G. Strategies for dissemination and implementation of guidelines.
Neurol Sci. 2006;27:S231–4.

van Hoeve et al. Systematic Reviews (2018) 7:49

Page 7 of 7

21. Stokes T, Shaw EJ, Camosso-Stefinovic J, Imamura M, Kanguru L, Hussein J.
Barriers and enablers to guideline implementation strategies to improve
obstetric care practice in low- and middle-income countries: a systematic
review of qualitative evidence. Implement Sci. 2016;11(1):144.
22. Jabbour M, Curran J, Scott JD, Guttman A, Rotter T, Ducharme FM,
Lougheed MD, McNaughton-Filion ML, Newton A, Shafir M, Paprica A,
Klassen T, Taljaard M, Grimshaw J, Johnson DW. Best strategies to
implement clinical pathways in an emergency department setting: study
protocol for a cluster randomized controlled trial. Implement Sci. 2016;8:55.
23. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: the PRISMA
statement, 2009. http://prisma-statement.org/PRISMAStatement/Checklist.aspx.
24. Cochrane Effective Practice and Organisation of Care (EPOC) Group.
Suggested risk of bias criteria for EPOC reviews. http://epoc.cochrane.org/
sites/epoc.cochrane.org/files/public/uploads/Resources-for-authors2017/
suggested_risk_of_bias_criteria_for_epoc_reviews.pdf. Accessed 2017.
25. Rosenfeld RM, Shiffman RN. Clinical practice guidelines development
manual: a quality-driven approach for translating evidence into action.
Otolaryngol Head Neck Surg. 2009;140(6 Suppl 1):S1–43.
26. Turner T, Misso M, Harris C, Green S. Development of evidence-based
clinical practice guidelines (CPGs): comparing approaches. Implement Sci.
2008;3(1):1–8.
27. Grimshaw JM, Eccles MP, Lavis JN, Hill SJ, Squires JE. Knowledge translation
of research findings. Implement Sci. 2012;7(1):1–17.
28. Cochrane Effective Practice and Organisation of Care (EPOC) Group. Data
collection checklist. http://epoc.cochrane.org/sites/epoc.cochrane.org/files/
public/uploads/datacollectionchecklist.pdf. Accessed June 2002.
29. Shea BJ, Hamel C, Wells GA, Bouter LM, Kristjansson E, Grimshaw J, Henry DA,
Boers M. AMSTAR is a reliable and valid measurement tool to assess the
methodological quality of systematic reviews. J Clin Epidemiol. 2009;62:1013–20.
30. Review Manager (RevMan) [Computer program]. Version 5.3. Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration; 2014. http://
community.cochrane.org/tools/review-production-tools/revman-5/aboutrevman-5O.
31. JPT H, Green S, editors. Cochrane Handbook for Systematic Reviews of
Interventions version 5.1.0 [updated March 2011]. The Cochrane
Collaboration. p. 2011. Available from www.handbook.cochrane.org.
Accessed 2018.
32. Hoaglin DC. Misunderstandings about Q and ‘Cochran’s Q test’ in metaanalysis. Stat Med. 2016;35:485–95.
33. Sterne JAC, Sutton AJ, Loannidis JPA, Terrin N, Jones DR, Lau J, Carpenter J,
Rücker G, Harbord RM, Schmid CH, Tetzlaff J, Deeks JJ, Peters J, Macaskill P,
Schwarzer G, Duval S, Altman DG, Moher D, Higgings JPT.
Recommendations for examining and interpreting funnel plot asymmetry in
meta-analyses of randomised controlled trials. BMJ. 2011;343. http://www.
bmj.com/content/343/bmj.d4002.long.
34. Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L. Contour-enhanced
meta-analysis funnel plots help distinguish publication bias from other
causes of asymmetry. J Clin Epidemiol. 2008;61:991–6.
35. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315:629–34.
36. Harbord RM, Egger M, Sterne JAC. A modified test for small-study effects in
meta-analyses of controlled trials with binary endpoints. Stat Med. 2006;25:
3443–57.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

