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Preface 
 

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based 

Practice Centers (EPCs), sponsors the development of evidence reports and technology 

assessments to assist public- and private-sector organizations in their efforts to improve the 

quality of health care in the United States. The reports and assessments provide organizations 

with comprehensive, science-based information on common, costly medical conditions and new 

health care technologies and strategies. The EPCs systematically review the relevant scientific 

literature on topics assigned to them by AHRQ and conduct additional analyses when 

appropriate prior to developing their reports and assessments. 

To improve the scientific rigor of these evidence reports, AHRQ supports empiric research 

by the EPCs to help understand or improve complex methodologic issues in systematic reviews. 

These methods research projects are intended to contribute to the research base and be used to 

improve the science of systematic reviews. They are not intended to be guidance to the EPC 

program, although they may be considered by EPCs along with other scientific research when 

determining EPC program methods guidance.  

AHRQ expects that the EPC evidence reports and technology assessments will inform 

individual health plans, providers, and purchasers as well as the health care system as a whole by 

providing important information to help improve health care quality.  The reports undergo peer 

review prior to their release as a final report.  

We welcome comments on this Methods Research Project. They may be sent by mail to the 

Task Order Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither 

Road, Rockville, MD 20850, or by email to epc@ahrq.hhs.gov. 

 

Carolyn M. Clancy, M.D. 

Director 

Agency for Healthcare Research and Quality  

Jean Slutsky, P.A., M.S.P.H. 

Director, Center for Outcomes and Evidence 

Agency for Healthcare Research and Quality 

 

Stephanie Chang, M.D., M.P.H.    Elise Berliner, Ph.D. 

Director, EPC Program    Task Order Officer 

Center for Outcomes and Evidence   Center for Outcomes and Evidence 

Agency for Healthcare Research and Quality  Agency for Healthcare Research and Quality 
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Quality of Reporting in Systematic Reviews of 
Implantable Medical Devices 

Structured Abstract 
Background: Despite a significant number of published systematic reviews of implantable 

medical devices, no empirical evaluation of the reviews has been performed. We conducted a 

critical appraisal of the quality of reporting in systematic reviews of implantable medical devices 

to understand the methodologies used; identify current strengths, limitations, deficiencies, and 

unique challenges; and make recommendations to improve future conduct and reporting. 

 

Methods: A Technical Expert Panel (TEP) of private and public payers, industry, and U.S. Food 

and Drug Administration representatives helped to refine the scope of the project, identified 

device categories, and provided feedback on the methodological approach. Five device 

categories were reviewed: cardiac implantable devices (e.g., defibrillators), vascular 

interventional devices (e.g., stents), orthopedic implants (e.g., prosthetic discs), skin-replacement 

grafts (e.g., wound care products), and neurostimulators (e.g., deep brain neurostimulators). 

Searches were conducted in MEDLINE
®
 and the Cochrane Database of Systematic Reviews for 

systematic reviews published from January 2009 to December 2010. The search was repeated to 

cover January 2004 to January 2009 to identify additional eligible reviews for skin-replacement 

grafts and cardiac implantable devices. We addressed 30 items about quality of reporting in 

systematic reviews from the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) and Meta-analysis of Observational Studies in Epidemiology (MOOSE) 

guidelines. With input from the TEP, we developed eight device- and procedure-specific items 

relevant to the evaluation of implantable medical devices. 

 

Results: Our searches yielded 467 citations, of which 181 met the eligibility criteria: 19 (10 

percent) evaluated cardiac implantable devices, 124 (69 percent) evaluated vascular 

interventional devices, 16 (9 percent) evaluated orthopedic implants, 8 (4 percent) evaluated 

skin-replacement grafts, and 14 (8 percent) evaluated neurostimulators. Of the 181 systematic 

reviews included, 123 (68 percent) involved meta-analyses and the remaining 58 (32 percent) 

involved no meta-analyses; 66 (36 percent) reviewed randomized trials only, 51 (28 percent) 

reviewed nonrandomized studies only, 56 (31 percent) reviewed both, and 8 (4 percent) did not 

explicitly report the study designs included. Twenty of 30 PRISMA and MOOSE items we 

ascertained were commonly reported in greater than 50 percent of the reviews. Device-specific 

information was less commonly reported in reviews—differences in characteristics across 

devices (47 percent), differences in characteristics within a device (36 percent), and evolution of 

technology and its potential effects (21 percent). Operator-specific information was rarely 

reported in reviews—including training of providers (1 percent), ramp-up in provider technique 

or learning curve (7 percent), evaluation of team expertise (9 percent), practitioner variability (10 

percent), and volume at each study site (8 percent). 

 

Conclusion: Our evaluation of 181 systematic reviews on implantable medical devices reveals a 

lack of reporting of some important generic items applicable to any systematic review as well as 

device- and operator-specific information. We identified eight device- or operator-specific items 
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that might be of value in reporting on systematic reviews of implantable devices and could be 

incorporated into reporting guidelines. 
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Background 
Over the past decade, advances in the technologies used in medical devices have profoundly 

transformed clinical practice and patient management.
1
 According to a recent position paper, 

studies of medical devices typically do not address in sufficient detail study design features and 

factors that affect safety and effectiveness, including standardization of outcomes and endpoints, 

evaluation of device–operator interactions, and evaluation of characteristics of the clinical 

practice setting.
2
 The evaluation of medical devices poses a number of methodological 

challenges, and empirical research evaluating such devices has not been performed. The 

challenges in conducting assessments of medical devices are secondary to the rapid evolution of 

technology, practitioner input into design, operator learning curve, and variation in the skill with 

which they are used.
2
 These features can potentially impact study outcomes. 

Systematic reviews have an established role in medical practice and research. Clinicians use 

systematic reviews to keep abreast of current research and to provide information on the 

effectiveness of competing interventions. Agencies including the Centers for Medicare and 

Medicaid in the United States and the National Institute of Clinical Excellence in the United 

Kingdom use systematic reviews to prioritize funding or coverage decisions. Health care 

organizations use systematic reviews to shape policy and inform clinical practice guidelines.
3,4

 

Despite there being many published systematic reviews of medical devices, no empirical 

evaluation of the reviews has been performed. A thorough empirical appraisal of systematic 

reviews is needed to critically assess current practices and identify issues and gaps in reporting. 

The information generated from an empirical appraisal of systematic reviews of medical devices 

could be used to develop new items in reporting guidelines and improve the conduct and the 

quality of reporting of systematic reviews of medical devices. 

The strength of systematic reviews and meta-analyses relies in part on the clarity of the 

reporting. Reporting standards may serve to improve the quality of systematic reviews and 

ultimately to benefit evidence-based patient management and treatment decisions. There have 

been attempts to improve the general quality of reporting of systematic reviews through 

guidelines.
5,6

 Current reviews indicate that adherence to existing systematic review reporting 

guidelines has generally been low in systematic reviews published in high-impact journals or 

leading medical journals.
7,8

 Existing systematic review reporting guidelines include the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) and Meta-analysis of 

Observational Studies in Epidemiology (MOOSE) guidelines.
5,6

 While these represent consensus 

guidelines to improve the quality of reporting in systematic reviews in general, they do not 

provide guidance for reporting or analyses of variables unique to the field of medical devices. 

Standardized guidance for researchers conducting systematic reviews on device-related topics 

could benefit the users of these reviews.  

Recently, the Consolidated Standards of Reporting Trials (CONSORT) Statement was 

modified to extend to trials of nonpharmacological treatments,
9,10

 but guidelines specific to 

systematic review of medical devices are still lacking. The rigor of systematic review methods 

and the clarity with which they are described are as critical as the conduct and validity of the 

included primary studies. Issues and gaps in reporting of systematic reviews of medical devices 

can also directly reflect limitations pertaining to primary data. Therefore, a critical appraisal of 

systematic reviews could also target what must be done to address issues and gaps in primary 

data.  
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One large body of devices of interest is implantable medical devices. The Food and Drug 

Administration (FDA) defines these as devices that are partly or completely inserted into the 

body or a natural orifice using surgical or medical procedures and are expected to remain in the 

body or orifice for at least 30 days (or permanently).
11

 Such devices can be removed only 

surgically or deactivated medically. Implantable devices also include those that are used to 

replace an epithelial or eye surface.
11

 The demand for implantable medical devices in the United 

States and the cost is projected to increase 8.3 percent annually to $49 billion in 2014, with the 

fastest-growing categories being spinal implants, cardiac implants, and orthobiologics 

(substances that accelerate healing of injured bones).
12

 These increases in device implantation 

are a result of the aging population, new and expanded indications, easier-to-implant devices, 

better functioning products, and minimally invasive procedures. For example, an estimated 

200,000 hip-replacement surgeries are performed in the U.S. each year in elderly patients.
13

 The 

prevalence of functioning cardiac devices, such as permanent pacemakers, is estimated to be 

over 3 million worldwide.
14

 

As the Evidence-based Practice Center (EPC) designated for the crosscutting concentration 

of diagnostic testing, imaging technologies, and medical and assistive devices, we conducted a 

critical appraisal of the quality of reporting in systematic reviews of implantable medical 

devices. The goals of this project were to evaluate published systematic reviews and meta-

analyses to understand the methodologies used; identify current strengths, limitations, 

deficiencies, and unique challenges; and make recommendations to improve future conduct and 

reporting. Our findings could be used to inform a broad range of stakeholders, including 

researchers, clinicians, guideline developers, policymakers, and payers. On the basis of the 

recommendations of the Technical Expert Panel (TEP), and to ensure inclusion of the most 

frequently used and expensive devices, we chose to focus on five broad categories of implantable 

medical devices: cardiac implantable devices, vascular interventional devices, orthopedic 

implants, skin-replacement grafts, and neurostimulators. 

 

Key Questions 
The following Key Questions were formulated in consultation with the TEP and AHRQ. For 

each of the proposed Key Questions, with input from the TEP, we operationalized our analysis 

by creating specific items that could be answered by the systematic reviews (Table 1). 

 

1. How are items such as literature searches, study selection, and results reported in 

published systematic reviews of implantable medical devices? 

2. How do published systematic reviews of implantable medical devices report device- 

or operator-specific information? 

3. How is the reporting of heterogeneity handled in published systematic reviews of 

implantable medical devices? 

4. What are the limitations and issues related to reporting of the quality and 

generalizability in published systematic reviews of implantable medical devices? 
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Table 1. Reporting items for systematic reviews of implantable medical devices 

Reporting Item Definition for Adequate Reporting  

Items for Key Question 1  

Search terms  Keywords for identifying relevant studies for the research questions (i.e., 
population, interventions, comparator, outcomes, and study design 
[PICOD]), or complete search strategy (e.g., keywords, medical subject 
headings) were described or referred to elsewhere. 

Searches in multiple databases Search was conducted in more than one electronic database. 

Search years Time period of the articles searched and included was explicitly described. 

Searches in multiple languages  Search was conducted in English and other languages. 

Searching for unpublished data Authors explicitly stated the efforts to include unpublished data (e.g., 
contact with study authors, searching meeting abstracts or conference 
preceding, dissertations, etc.[also known as a “grey literature” search]). 

Inclusion or exclusion criteria  Definitions of at least two of the PICOD criteria (e.g., randomized controlled 
trials of drug-eluting stents were included) were reported. 

Baseline description of the population Health status of the population at baseline (i.e., hypertension, diabetes, or 
coronary artery disease).  

Types of interventions/exposures Interventions or exposures were described (usually includes device name, 
or a brief description, or type of device). 

Types of comparators  Comparators were described (can include another device, or medical 
treatment, or surgical treatment). 

Types of outcomes Outcomes or endpoints were defined. 

Types of study designs Design of the included studies was described. 

Number of included and excluded 
studies 

Number of eligible and ineligible studies identified from the search was 
reported. 

Reasons for exclusion Reasons for exclusions were described. 

Flow diagram for the number of 
included and excluded studies 

A flow diagram showing the progress of study selection was presented. 

The total number of primary studies 
included in the systematic 
review/meta-analysis 

The total number of studies that met inclusion criteria (often reported in the 
text, tables, or figures). 

Graphical presentation of the results Graphics (e.g., forest plots, trends in outcomes over time, and regression 
plots) summarizing individual study estimates and overall estimates were 
presented. 

Meta-analyses were performed Description of whether a meta-analysis was performed. 

Costs or cost-effectiveness Specific discussion of costs of devices or analyses of cost-effectiveness.  

Items for Key Question 2  

Device or operator-specific   

Data on differences across device 
characteristics were discussed 

When multiple devices are used, the differences among devices (e.g., 
sirolimus-eluting stents, paclitaxel-eluting stents, or bare-metal stents) were 
discussed across primary studies included. 

Data on differences within device 
characteristics were discussed  

Differences within devices (e.g., differences in programming within 
implantable cardiac defibrillator) were discussed across primary studies 
included.  

Evolution of devices over time were 
discussed 

Discussions within systematic reviews about evolution (change or 
development) of devices across primary studies evaluated. 

Details of training/certification of 
operator were reported 

Details within systematic reviews can include training, prior experience in 
procedures performed, or any other performance standards. 

Ramp-up in provider technique (i.e. 
learning curve) was discussed 

There was a relevant discussion about how the surgeon’s experience with 
the device may affect outcomes. 

Level of expertise of team/site were 
considered 

Discussions were made related to the levels of expertise of a team within 
hospital where operators practice that may impact outcomes.  
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Table 1. Reporting items for systematic reviews of implantable medical devices (continued) 

Reporting Item Definition for Adequate Reporting  

Items for Key Question 2 (continued)  

Practitioner variability were discussed Variability among operators because different sets of operators are involved 
in each arm of the trial was discussed. 

"Volume at sites" effect were discussed There was a relevant discussion about how site experience with the device 
may affect outcomes. 

Items for Key Question 3  

Handling of heterogeneity  

Models for meta-analyses were reported
 
 The methods of combining estimates (e.g., fixed- or random-effects models) 

were reported. 

Meta-analyses used accepted 
methodology  

Accepted methods were used when two or more studies were combined in 
meta-analysis or five studies or more studies were included in meta-
regression analyses. Additionally studies were grouped by design or studies 
were grouped across similar interventions.  

Heterogeneity was assessed or 
discussed 

Sources of heterogeneity within population or among devices were discussed 
or quantified using statistical methods. 

Sensitivity analyses were assessed Details of the range of treatment estimates and confidence intervals resulting 
from the various sensitivity analyses were described. 

Results by subgroups were considered 
or quantified 

Potentially important subgroup results were discussed (qualitatively) or 
quantified using accepted methods. 

Items for Key Question 4  

Assessment of risk of bias Potential impacts of the biases present in included primary studies were 
evaluated. 

Publication bias was assessed  Quantitative assessment of publication bias (e.g., funnel plot, Begg and Egger 

tests) was used. 

Use of specific checklist for quality items  The list of quality items for the validity (or quality) assessment of studies were 
applied and reported for each included study. 

Study limitations were described Specific limitations either relating to primary studies or relating to the 
systematic review methodology were described. 

Overall strength of the body of evidence 
was assessed 

Specific methods were used to assess the overall body of evidence (i.e., 
other than for example “strong evidence”). 

Specific future research 
recommendations were made 

Specific suggestions for future research agenda (i.e., other than "more 
research is needed") were made. 

Funding source was declared Specific funding source to conduct the systematic review was identified or 
absence of funding was made explicit. 

 Sub-item: Authors’ affiliation to industry 
was reported 

Whether authors of the systematic review were on the board or employees of 
a device industry or had received current or previous funding from an industry 
relevant to the device reviewed was reported. 

PICOD = Population, intervention, comparator, outcome, and study design 
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Methods 
We conducted a critical appraisal of the reporting of information in published systematic 

reviews and meta-analyses of implantable medical devices. We convened a Technical Expert 

Panel (TEP) to help identify device categories, refine Key Questions, and to comment on the 

methodological approach. 

Technical Expert Panel 
The TEP, a group of eight national experts, was assembled to provide advice regarding the 

scope of the project. Members included private and public payers, industry representatives, an 

FDA representative, and the Task Order Officer from AHRQ. The Tufts EPC held 

teleconferences with the TEP and discussed the goals of the project. The TEP served strictly in 

an advisory capacity to identify the device categories (the most frequently used and expensive 

devices or those with broad implications for policy decisionmaking), to assist in the development 

of project’s scope and Key Questions, and to define parameters for the methodology of the 

critical appraisal. After discussions with the TEP and AHRQ, the following five implantable 

medical device categories were selected for analyses: cardiac implantable devices (e.g., 

defibrillators), vascular interventional devices (e.g., stents), orthopedic implants (e.g., disc 

replacement), skin-replacement grafts (e.g., wound care products), and neurostimulators (e.g., 

deep brain neurostimulator). 

Literature Search 
Critical appraisal of large numbers of implantable medical devices can be challenging since 

there are many published systematic reviews. Our objective was to evaluate approximately 200 

recently published systematic reviews (deemed a priori as a feasible number). To reach this 

target, we limited our search to recent reviews as they are more likely to be relevant and adhere 

to reporting standards. Searches were conducted in MEDLINE® and the Cochrane Database of 

Systematic Reviews to identify systematic reviews published from January 2009 to December 

2010, using key words for each of the five categories of implantable medical devices (Appendix 

A). No language restriction was applied.  

Potentially relevant reviews were those articles in which the abstracts described searches or 

eligibility criteria for study identification or included terms such as ―systematic,‖ ―evidence,‖ 

―evidence-based,‖ ―meta-analysis,‖ or ―pooled analysis.‖ We included all eligible systematic 

reviews published within 2 years (from January 2009 to December 2010) for all topics. Our 

initial search identified a limited number of reviews for two of the five groups, namely skin-

replacement grafts (2 reviews) and cardiac implantable defibrillators (9 reviews). In consultation 

with the Task Order Officer at AHRQ, we searched back to 2004 to identify additional eligible 

reviews related to these topics. 

Eligibility Criteria and Citation Screening 
For the purpose of this report, a systematic review was defined as a publication that 

contained at least two of the following three components: a statement of the research questions 

(or aims or objectives), a description of the literature search, and a list of study-eligibility 

criteria. This approach was used in a previous empirical paper that considers these three 

components to identify a systematic review.
15

 During full-text screening, we noted that many 
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published systematic reviews of implantable medical devices did not clearly report all three basic 

components. We did not contact authors for clarifications of these three components. Therefore, 

we used a liberal definition (at least two of the three components) in order to include a maximum 

number of current systematic reviews.  

Since the objective was evaluation of reporting characteristics, we included reviews that were 

of any type of implantable device within each of the five categories and that reviewed a recent 

publication. For example, the cardiac implantable device category could include a review of a 

pacemaker, a review of a defibrillator, or a review of both a pacemaker and a defibrillator. We 

included systematic reviews of any design (randomized trials, nonrandomized comparative 

studies, or observational studies) and methodology for synthesis (qualitative or quantitative 

synthesis including meta-analyses of individual patient data). We included all reviews published 

within this time period, which could potentially include multiple reviews on the same topic or 

different reviews published by the same team of researchers. However, we did not include 

duplicate publications or similar reviews by the same team of researchers. We did not restrict our 

evaluation to any particular devices or uses of an implantable device for any particular 

conditions.  

There were no specific sampling criteria per device category; this approach is reasonable 

because it reflects the proportion of relevant articles in the published literature. Though an even 

distribution of reviews across the five implantable medical device categories would be 

preferable, this could not be achieved because of a large number of articles reviewing vascular 

interventional devices, in particular stents. The TEP concurred with the approach of selection of 

reviews without specific sampling criteria, as our primary objective was to make an overall 

inference about devices.  

We assessed titles and/or abstracts of citations identified from literature searches for 

potentially relevant systematic reviews. Reviewers with prior experience in conducting 

systematic reviews and data extractions participated in abstract and full-text article screening and 

data extraction. All participating reviewers had to have no conflict of interest and were required 

sign disclosure statements. The titles and/or abstracts were screened by one reviewer. Abstracts 

tagged ―reject‖ by a reviewer were rescreened by a second reviewer. Full-text articles of 

abstracts that met screening criteria were retrieved and examined by two independent reviewers 

to confirm their eligibility according to predetermined criteria. All disagreements were resolved 

in consultation with a senior reviewer. The reasons for excluding systematic reviews (e.g., 

narrative reviews, reviews of ineligible topics, and other reviews) were tabulated. In this report, 

we did not evaluate the primary studies included within the systematic reviews. A list of included 

and excluded full-text articles is available at the end of the text. 

Data Extraction 
We used the current guidelines of reporting of systematic reviews and meta-analyses 

(PRISMA and MOOSE)
5,6

 to come up with a list of information items to collect from the 

published systematic reviews to answer the Key Questions 1, 3, and 4. We did not use a 

measurement tool to evaluate methodological quality of systematic reviews (for example, 

AMSTAR
16

) because our objective was to assess the reporting of validity and generalizability in 

systematic reviews of implantable medical devices in particular. The operational definitions of 

each item are described in Table 1.  

Currently, there are no specific tools or checklists to evaluate the reporting quality of 

systematic reviews of implantable medical devices. We consulted the TEP to identify device- 
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and operator-specific information that is relevant and important to the evaluation of these 

devices. We identified eight device- and operator-specific information items in addition to the 30 

systematic review–specific information items identified in the MOOSE and PRISMA guidelines 

(Table 1 under items reported for Key Question 2).  

A standardized form using Google™ docs was used for data extraction.
a
 The basic elements 

and design of the form were customized to capture all the relevant elements of the Key 

Questions. We tested the form on several reviews and revised it as necessary before beginning 

full data extraction of all articles. The data-extraction fields are presented in Appendix B. Each 

systematic review was extracted by one reviewer, then reviewed and confirmed by at least one 

other reviewer. Disagreements were resolved through consensus in consultation with a third 

reviewer. Extracted data were exported to Microsoft Excel®. 

Data Synthesis 
Results and data in the tables were organized on the basis of reporting items for each Key 

Question. The unit of analysis was the systematic review article. Descriptive analyses were 

performed and summary statistics calculated regarding the reporting characteristics of systematic 

reviews. Analyses include whether the reporting followed published guidelines for reporting of 

systematic reviews and meta-analyses, the reporting of device- or procedure-specific 

information, the number and types of primary studies analyzed, quality assessment of primary 

studies, methods for quantitative syntheses, descriptions of heterogeneity (variability in results 

owing to clinical factors, study design, device-related characteristics) and generalizability, and 

protocols for reporting of results. Handling of heterogeneity included items that were evaluated 

within systematic reviews included models for meta-analyses, discussions of statistical 

heterogeneity, and sensitivity analyses, explicit discussions of clinical heterogeneity, and 

assessment of heterogeneity and results by subgroups.  

We compared key methodological and reporting aspects of reviews pertaining to the five 

groups of implantable medical devices. These comparisons were performed using the Fisher 

exact test for categorical variables or the Kruskal-Wallis test for continuous and count variables. 

Additional a priori subgroup analyses of key methodological and reporting aspects of reviews 

were conducted comparing systematic reviews of nonrandomized studies to those of randomized 

trials, comparing reviews that conducted a meta-analysis with those that did not, comparing 

reviews that reported authors’ affiliations to the device industry with those that did not, and 

comparing reviews published in general medical journals with reviews published in specialty 

journals. Since some of these variables were recorded on the basis of reporting, it is possible that 

our classification of variables lacks sensitivity. All quantitative analyses were performed with 

Excel® and Stata 11® (Stata Corp., College Station, TX). All P-values are two-tailed and 

considered to indicate significance if less than 0.05; no adjustments for multiple comparisons 

were performed. In general, a P-value of <0.05 indicates that there are statistically significant 

differences in reporting items between the groups compared. Additional subgroup analyses were 

conducted for each of the five groups of implantable medical devices. 

                                                 
a
 The live form can be viewed and tested here: http://bit.ly/nhK0gl (last accessed on 1/30/2012). 

http://bit.ly/nhK0gl
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Results 
  

The searches in MEDLINE® and Cochrane Database of Systematic Reviews identified 467 

citations, of which 262 (56 percent) full-text articles were retrieved and evaluated for their 

eligibility. Included and excluded articles are listed in Appendix C and D. Of these, 181 reviews 

met the eligibility criteria (Figure 1); 19 (10 percent) evaluated cardiac implantable devices, 124 

(69 percent) evaluated vascular devices, 16 (9 percent) evaluated orthopedic implants, 8 (4 

percent) evaluated skin-replacement grafts, and 14 (8 percent) evaluated neurostimulators. 

Among eligible systematic reviews, 66 reviewed only randomized trials, 51 reviewed 

nonrandomized studies, 56 reviewed both, and 8 reviews did not explicitly mention the study 

designs of primary studies included. 
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Figure 1. Flow diagram of systematic review selection criteria 
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Key Question 1. How are items such as literature searches, study 
selection, and results reported in published systematic reviews of 
implantable medical devices? 

Reporting of Literature Searches, Study Selection, and Results 
This Key Question pertains to generic reporting aspects of reviews—items applicable to any 

systematic review including reviews of implantable medical devices. Overall results are 

presented in Table 2. Characteristics reported by nearly all (> 85 percent [median] of) reviews 

were search terms, years searched, inclusion or exclusion criteria, population at baseline, 

description of intervention, and types of studies included. These may be considered the core 

characteristics that are frequently reported within published systematic reviews of implantable 

medical devices. Among eligible reviews, infrequently reported items (less than 50 percent) were 

searches or inclusion of studies in more than one language (34 percent) and whether a grey 

literature search (search for unpublished literature) was performed (44 percent). No reviews 

reported on all 13 items relevant to search and selection criteria. Infrequently reported items for 

results included use of study flow diagram (44 percent) and a description of costs or cost-

effectiveness of implantable medical devices (23 percent). 

 

Table 2. Reporting of literature searches, study selection, and results in systematic reviews of 
implantable medical devices 

Reporting Item 
Total N=181 

n (%) 

Search  

Search terms were described or referred to elsewhere 165 (91) 

Multiple databases were searched 144 (79) 

Years searched were described 162 (89) 

Multiple languages were included in search 62 (34) 

Authors explicitly stated searching for unpublished data 80 (44) 

Selection  

Inclusion or exclusion criteria were stated 175 (96) 

Population at baseline was reported 181 (100) 

Interventions/exposures were described 181 (100) 

Comparators were described 178 (98) 

Outcomes were described 178 (98) 

Types of studies included were reported 174 (96) 

Number of studies included and excluded were reported 116 (61) 

Reasons for exclusion were described 139 (76) 

Results  

A flow diagram for the number of studies included and 
excluded was used 

80 (44) 

The total number of primary studies included across 
systematic reviews 

4288 

Results were presented graphically 117 (64) 

Reviews that conducted a meta-analysis 124 (69) 

Costs or cost-effectiveness were described 42(23) 
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Reporting of Items for Key Question 1 by Device Categories 
The quality of reporting of literature searches, study selection, and results was generally 

uniform across device categories (Table 3). The items relevant to searches (done in three of five 

reporting items), study selection (in one of eight reporting items), and results (in three of five 

reporting items)were different across categories. These included performing searches in multiple 

databases, reporting of search dates, reporting of searches for unpublished data, and reporting of 

included and excluded studies. The differences across device categories for reporting items 

evaluating results included use of study flow diagram, graphical plots in meta-analyses, and 

description of costs (Table 3). 

 

Table 3. Reporting of literature searches, study selection, and results in systematic reviews by 
device categories 

Reporting Item 
Vascular 

N=124 
Cardiac 

N=19 
Orthopedic 

N=16 
Neurostimulator 

N=14 

Skin 
Grafts 
N=8 

P-
Value 

Search       

Search terms were described  113 (91) 17 (89) 16 (100) 12 (86) 7 (88) 0.12 

Multiple databases were searched 102 (82) 17 (84) 13 (81) 5 (36) 7 (89) 0.003 

Years searched were described 89 (72) 4 (20) 11 (69) 8 (57) 6 (75) 0.002 

Multiple languages were included in 
search 

40 (32) 9 (47) 4 (25) 4 (29) 5 (63) 0.39 

Searching for unpublished data 58 (47) 15 (79) 2 (13) 2 (14) 3 (38) <0.001 

Selection       

Inclusion or exclusion criteria were 
stated 

119 (96) 
19 
(100) 

15 (94) 13 (93) 8 (100) 0.31 

Population at baseline was reported 124 
(100) 

19 
(100) 

12 (75) 13 (93) 8 (100) 0.09 

Interventions/exposures were 
described 

124 
(100) 

19 
(100) 

16 (100) 13 (93) 8 (100) 0.10 

Comparators were described 117 (94) 16 (84) 14 (88) 7 (50) 7 (89) 0.06 
Outcomes were described 124 

(100) 
19 
(100) 16 (100) 13 (93) 8 (100) 0.10 

Types of studies included were 
reported 117 (94) 18 (95) 16 (100) 14 (100) 8 (100) 0.11 
Studies included and excluded were 
reported 84 (68) 14 (74) 10 (63) 4 (29) 4 (50) 0.03 
Reasons for exclusion were 
described 98 (79) 16 (84) 11 (69) 8 (57) 6 (75) 0.30 
Results       

A study flow diagram was used 59 (48) 13 (68) 5 (31) 1 (7) 2 (25) 0.008 
The number of primary studies 
included  2978 248 300 478 284 NA 
Reviews that conducted meta-
analyses 99 (80) 15 (79) 7 (44) 3 (21) 1 (13) 0.06 
Results were presented graphically 
(among those that conducted a 
meta-analysis) 

91 (73) 15 (79) 6 (38) 3 (21) 2 (25) <0.001 

Costs or cost-effectiveness were 
described 19 (15) 10 (58) 5 (31) 3 (21) 6 (75) 0.001 
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Key Question 2. How do published systematic reviews of implantable 
medical devices report device- or operator-specific information?  

Reporting of Device-Specific Information 
Device-specific information was infrequently reported (Table 4). Data on differences across 

devices were reported the most frequently, 47 percent of the time; about two thirds of reviews 

had no data differentiating within-device characteristics. A review would typically report data on 

devices (e.g., type of device and other device information) in a table describing their study and 

patient characteristics.  

Evolution of devices was discussed in the reviews as one of the factors that may have 

affected the outcome of procedures. For example, the discussion section of a review would 

attribute evolution in angioplasty and stent catheters as one of the factors to positively influence 

procedural outcomes in recent primary studies as compared with ―older‖ studies. However, this 

information was seldom directly assessed or reported in the results section of a systematic 

review. Additional examples of device-specific information that appeared in the discussion 

section of systematic reviews are provided in Table 5. 

 

Table 4. Reporting of device- or operator-specific variables in systematic reviews of implantable 
medical devices 
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Reporting Item 
Total N=181 

n (%) 
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Data on differences across device characteristics were 
discussed 85 (47) 

Data on differences within device characteristics were 
discussed  64 (36) 

Evolution of devices over time were discussed 
38 (21) 
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Details of training/certification of provider were reported 
2 (1) 

Ramp-up in provider technique (i.e. learning curve) was 
discussed 

13 (7) 

Level of expertise of team/site were considered 16 (9) 

Practitioner variability were discussed 18 (10) 

Volume at sites effect were discussed 14 (8) 
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Table 5. Examples of device-specific information that appeared in the discussion section of 
systematic reviews 
Device-Specific Information 

“These findings could be explained by the difference in drug-release kinetics, with the sirolimus-eluting stent releasing 
almost all the sirolimus in the first 6 months, while more than 80% of the paclitaxel remains unreleased from the 
polymer coating of the paclitaxel-eluting stent, potentially resulting in more prolonged endothelial dysfunction and 
delayed healing with the latter.” (Roukoz 2009 PMID 19486720) 

Evolution of Devices Over Time  

“However, it is premature to consider this conclusion definitive for several reasons. [Carotid artery stenting] 
technology and the technical expertise of operators currently performing the procedure are improving and are 
superior to those in the studies thus far reported.” (Paraskevas 2009 PMID 19698297) 

 
“Since the last review was published 5 years ago and conducted over 9 years ago, new dressings may have been 
introduced and higher quality data published….It remains unclear which type of dressing is superior in terms of 
infection rate, healing quality, quality of life, and cost. It was difficult to compare moist and nonmoist dressings in this 
review because of the heterogeneity of the included articles.” (Voineskos 2009 PMID 19568092) 

 
―Using meta-regression analysis, we found that the risks of CAS have decreased over time from 1993 to 2006. This may result 

from improvements in CAS technique, devices, or training and/or a better selection of CAS candidates over time. The 

development of devices to protect against embolism during the CAS procedure potentially constitutes an important advance…. 

However, there was significant heterogeneity across studies in this analysis. In fact, the apparent advantage of cerebral protection 

devices may be illusory. Indeed, the use of such protection devices has increased over time, and the apparent protective effect of 

those devices may have been confounded by advances in stenting technique and patient selection over time.‖ (Touze 2009 PMID 

19892997) 

CAS = carotid artery stenting, PMID = PubMed Identifier 

 

Reporting of Operator-Specific Information 
Data on operator-specific information were rarely reported among included systematic 

reviews. When reported, they appeared most often in the discussion section. For example, only 

two reviews of vascular intervention category mentioned data regarding training or certification 

of the operator in their discussion section. The reviews described these as one of the factors 

influencing outcomes of the procedures. Table 6 lists selected examples of operator-specific 

information in systematic reviews of implantable medical devices. 

Reviews frequently discussed operators’ learning curve and experience with device 

implantation as one of the factors that may be associated with temporal improvement in 

outcomes. Operator’s learning curve or experience with device implantation was also discussed 

as a confounding variable that may have influenced outcomes. In order to allow sufficient 

experience with device implantation, some reviews restricted their eligibility criteria to studies 

that were published in later years. While most of the reviews discussed operators’ experience and 

volume of the centers impacting outcome data, they rarely explored this variable in subgroup 

analyses. 
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Table 6. Examples of operator-specific information that appeared in the discussion section of 
systematic reviews 
“The reason for the lower mortality rate in the DES group seen in our metaanalysis is unclear. It may be that DES, 
with known lower rates of restenosis, provides a true advantage over BMS....An alternative explanation may relate to 
a procedural learning curve, as operators may have become more technically proficient at unprotected LMCA PCI by 
the time DES were favored.” (Pandaya 2010 PMID 20630453) 
 
“As a confounding variable, EPDs have been used more recently and therefore likely at a later stage of the operator’s 
learning curve.” (Roffi 2009 PMID 19861324) 

 
“Our analysis suggests that centers with an experience of more than 16 stent graft procedures had a significantly 
higher success rate and a lower rate of complications than less experienced centers.” (Xiong 2009 PMID 19660348) 

 

“These cases were done by a widely varied population of surgeons with varying skill and widely varied surgical 
technique. It is difficult to standardize the ability of these many surgeons and apply the results to the general 
population of surgeons practicing today.” (Winegar 2010 PMID 20594011) 

 
“Most centers which have reported, as shown in our reference list, on their experience of surgical correction of 
thoracic scoliosis with pedicle screws come from very experienced surgeons. Therefore, this literature review may not 
reflect the reality of what happens in less-experienced centers or with surgeons going through their learning curve.” 
(Hicks 2010 PMID 20473117) 

BMS = bare-metal stents, DES = drug-eluting stents, EPD = embolic protection device, LMCA = left main coronary artery, PCI 

= percutaneous coronary intervention, PMID = PubMed Identifier 

Reporting of Device- or Operator-Specific Information by Device 

Categories 

Device-Specific Information 
In particular, these two items—discussions on differences across devices and discussions 

within devices—varied significantly according to device category (Table 7). This information 

appeared most often in the tables describing study and patient characteristics or in the discussion 

section rather than in the results or analyses section. 

Cardiac Implantable Devices 
Differences across devices and within devices were rarely reported across reviews of cardiac 

implantable devices. When reported, one or more of the device-specific information such as 

device type, method of implant, pacing mode, and position of the electrode were reported under 

study characteristics. Data related to evolution of devices and their role on applicability of trial 

results were mostly mentioned in the discussion section. 

Vascular Interventional Devices 
Compared with other device categories, reviews of vascular interventional devices more 

frequently reported device type or generation of device in the results or discussion sections. Few 

reviews conducted exploratory subgroup analyses to evaluate their short- and long-term efficacy. 

In addition to the discussions related to evolution of devices to explain heterogeneity in 

outcomes, some reviews used evolution of devices to define their eligibility criteria by excluding 

trials or data relating to ―older‖ trials.  
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Orthopedic Implants 
In addition to the vascular interventional devices, systematic reviews of orthopedic implants 

reported device-specific information more frequently in the results or discussion sections than 

other device categories included. Details of devices were reported under study characteristics or 

the results section. Device-specific information included was one or more of the following: type 

of device, type of coating on the device number and location of device, surgical technique or 

approach, and extraction and insertion torque. Only one review conducted exploratory subgroup 

analyses of these variables to evaluate their effect on treatment. Evolution of devices was often 

mentioned in the discussion or conclusion sections to explain good outcome data and progress 

achieved in clinical management.  

Skin Replacement Grafts 
Compared with other device categories, differences across devices were less frequently 

reported across systematic reviews of skin-replacement grafts. When reported device-specific 

information were frequently available in the results under device characteristics section. Data on 

differences within devices were reported in one-half of the reviews. Data on skin-replacement 

grafts reported were type of skin grafts, composition, and bioabsorbability or if they required 

removal. Only one review mentioned evolution of devices as the objective to conduct a new 

systematic review.  

Neurostimulator Devices 
Compared with other device categories, differences across devices and within devices were 

less frequently reported across systematic reviews of neurostimulator devices. Information on 

differences within devices included stimulation parameter (frequency, intensity, and pulse width) 

and location of electrode placement across primary studies included. Data on differences across 

devices included only a mention of different types of devices without many details about 

different types of devices used across primary studies. Evolution of devices was discussed to 

explain differences in outcomes across primary studies included.  

Operator-Specific Information 
Only reviews of vascular interventional and orthopedic implants reported operator-specific 

information, while the other three categories did not (Table 7). Only two vascular interventional 

reviews mentioned training or certification of the operator. In both these reviews, data relevant to 

training or certification of the operator were reported in the discussion section as one of the 

factors influencing outcomes of the procedures.  

Reviews of vascular interventional noted that some primary studies included data only from 

centers with experienced operators or excluded data from first few patients due to a significant 

learning curve observed early in the study. In order to mitigate the impact of technical 

refinements and the procedural learning curve, one review defined their eligibility criteria by 

including studies that were published in later years. 

While most of the reviews discussed operators’ experience and volume in the centers 

impacting outcome data, reviews rarely explored this variable in subgroup analyses. Reviews 

that included observational studies discussed practitioner variability as one of the biases inherent 

to observational data. 
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Table 7. Reporting of device- or operator-specific variables and handling of heterogeneity in 
systematic reviews by device categories 

Reporting Item 
Vascular 

N=124 
Cardiac 

N=19 
Orthopedic 

N=16 
Neurostimulator 

N=14 
Skin Grafts 

N=8 
P-

value 

Device-Specific 
Variables  

      

Differences across 
device characteristics 
were discussed 

68 (55) 4 (21) 9 (56) 5 (36) 2 (25) 0.002 

Differences within 
device characteristics 
were available  

48 (39) 1 (5) 9 (56) 3 (21) 4 (50) 0.002 

Evolution of devices 
over time were 
discussed 

27 (22) 2 (10) 5 (31) 3 (21) 1 (13) 0.30 

Operator-Specific 
Variables       

Details of 
training/certification of 
operator were 
reported 

2 (2) 0 (0) 0 (0) 0 (0) 0 (0) 1.00 

Learning curve of 
operator was 
discussed 

12 (10) 0 (0) 1 (6) 0 (0) 0 (0) 0.60 

Level of expertise of 
team were 
considered 

12 (10) 0 (0) 5 (31) 0 (0) 0 (0) 0.14 

Practitioner variability 
were discussed 

16 (13) 0 (0) 2 (13) 0 (0) 0 (0) 0.35 

Volume at sites effect 
were discussed 

12 (10)  0 (0) 2 (13) 0 (0) 0 (0) 0.47 
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Key Question 3. How is the reporting of heterogeneity handled in published 
systematic reviews of implantable medical devices? 

Overall, items infrequently reported were the assessment or discussion of a sensitivity 

analysis (52 percent), and presentation of results by subgroups (51 percent) (Table 8). The 

majority of the meta-analyses utilized accepted methodologies (92 percent). The remaining 8 

percent of the meta-analyses were performed by combining studies across designs. There were 

considerable differences across device categories for all reporting items of handling of 

heterogeneity (Table 9). 

Table 8. Reporting of handling of heterogeneity in systematic reviews  

Reporting Item 
Total N=181* 

n (%) 

Handling of heterogeneity  

Models for meta-analyses were reported
 
 123 (99)* 

Meta-analyses used accepted methodology (e.g. studies grouped by design or similar 
interventions) 

114 (92)* 

Heterogeneity was assessed or discussed 139 (76) 

Sensitivity analyses were assessed or discussed   64 (52) 

Results by subgroups were considered or quantified   92 (51) 

*Among 181 eligible systematic reviews, 124 conducted a meta-analysis 
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Table 9. Reporting of handling of heterogeneity in systematic reviews by device categories 

Reporting Item 
Vascular 

N=124 
Cardiac 

N=19 
Orthopedic 

N=16 
Neurostimulator 

N=14 
Skin Grafts 

N=8 
P-

Value 

Handling of 
heterogeneity 

      

Models for meta-analyses 
were reported

*
 

99 (100) 15 (100) 5 (71) 3 (21) 1 (100) 0.03 

Meta-analyses used 
accepted methodology 
(e.g. studies grouped by 
design)* 

89 (90) 15 (100) 7 (44) 3 (100) 1 (100) 0.62 

Heterogeneity was 
assessed or discussed 

88 (71) 8 (42) 6 (38) 1 (7) 3 (38) 0.10 

Sensitivity analyses were 
assessed or discussed 

46 (46) 12 (80) 4 (57) 1 (33) 1 (100) 0.008 

Results by subgroups 
were considered or 
quantified 

65 (52) 15 (75) 8 (50) 2 (14) 2 (25) 0.007 

* Results were analyzed based on 124 reviews that conducted meta-analyses 
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Key Question 4. What are the limitations and issues related to reporting of 
quality and generalizability in published systematic reviews of implantable 
medical devices? 

Reporting of Validity, Limitations, and Future Research 

Recommendations 
Outcomes evaluated were mostly clinical outcomes (e.g., stroke, death) in 165 reviews (91 

percent), surrogate outcomes (e.g., stent restenosis, wound epithelialization) in 66 reviews (36 

percent), and 45 reviews (25 percent) evaluated both. 

The items describing validity of primary studies—evaluation of risk of bias (43 percent), the 

assessment for publication bias (48 percent), and methodological quality using checklists (40 

percent)—were infrequently reported among eligible systematic reviews. Study limitations were 

given in 96 percent of reviews; 82 percent provided specific future research recommendations 

(i.e., more than stating that future research is simply needed) (Table 10). The reporting of quality 

items varied significantly across device categories (Table 11). The overall strength of the body of 

evidence was assessed in only 33 reviews (18 percent); this quality item varied considerably 

across device categories (Table 11).  

Identification of a specific funding source and reporting of author ties to industry were less 

frequently reported. Of the 76 reviews that declared funding source, 8 (11 percent) reported 

receiving industry funding, 16 (21 percent) reported receiving professional society funding, 21 

(28) reported receiving government agency funding, and the remaining 31 (41 percent) reported 

receiving no funding. Reporting of specific funding varied significantly across device categories. 

 

Table 10. Reporting of validity and generalizability information in systematic reviews of 
implantable medical devices 

Reporting Item 
Total N=181 

n (%) 

Validity  

Risk of bias was assessed  79 (43) 

Publication bias was assessed*  59 (48)* 

Quality items or checklists were applied and reported 
 

72 (40) 

Discussion  

Study limitations were described 175 (96) 

Overall strength of the body of evidence was assessed 33 (18) 

Specific future research recommendations were made 149 (82) 

Funding source was identified 76 (42) 

Authors’ affiliation to industry was reported 38 (21) 

* Results were analyzed based on 124 reviews that conducted meta-analyses 
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Table 11. Reporting of validity and generalizability information in systematic reviews by device 
categories 

Reporting Item Vascular 
N=124 

Cardiac 
N=19 

Orthopedic 
N=16 

Neurostimulator 
N=14 

Skin Grafts 
N=8 

P-
Value 

Validity       

Risk of bias was 
assessed 56 (45) 14 (74) 6 (38) 2 (14) 5 (63) 0.01 

Publication bias 
was assessed* 45 (45) 12 (73) 3 (43) 0 (0) 0 (0) 0.001 

Quality items or 
checklists were 
applied and 
reported 

42 (34) 13 (68) 9 (56) 3 (21) 5 (63) 0.02 

Discussion       

Study limitations 
were described 

116 (94) 18 (95) 15 (94) 12 (86) 8 (100) 0.89 

Overall strength of 
the body of 
evidence was 
assessed 

13 (11) 2 (11) 10 (63) 4 (29) 4 (50) <0.001 

Future research 
recommendations 
were made 

100 (81) 14 (74) 13 (81) 13 (93) 8 (100) 0.66 

Funding source was 
reported 

54 (44) 12 (63) 3 (19) 5 (36) 2 (25) 0.04 

Authors’ affiliation 
to industry reported 

27 (22) 5 (26) 1 (6) 4 (29) 1 (13) 0.33 

* Results were analyzed based on 124 reviews that conducted meta-analyses 

Other Subgroup Analyses 

Comparison Between Reviews by Author Affiliation to Industry 
Among 181 eligible systematic reviews, 38 reviews reported that authors conducting 

systematic reviews had affiliations to industry, and the remaining 143 reviews did not report this 

information (Appendix E, Table E1). Seventy-six reviews (42 percent) identified their funding.  

Reviews that reported whether authors had industry affiliations were more likely to conduct a 

meta-analysis than reviews that did not disclose this information. For all other items, there were 

no differences across all reporting characteristics between reviews that reported authors’ 

affiliations to industry and those that did not report this information, except for one item of 

conducting a meta-analysis.  

Comparison Between Reviews That Conducted a Meta-Analysis and 

Reviews That Did Not 
Of the eligible systematic reviews, 124 conducted meta-analyses and the remaining 57 did 

not conduct a meta-analysis. Compared with reviews that conducted meta-analyses, reviews 

without meta-analyses were less likely to report whether searches were conducted in multiple 

databases or to look for unpublished data, explicitly report eligibility criteria or eligible studies, 

handling of heterogeneity, assessment of risk of bias, and specific future research 
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recommendations (Appendix E, Table E2). Device and operator-specific characteristics across 

both subgroups were infrequently reported without any differences. Reviews without a meta-

analysis were more likely to assess overall strength of evidence than reviews that conducted a 

meta-analysis. 

Comparison Between Reviews by Included Study Designs 
Systematic reviews that included nonrandomized or observational study designs alone were 

less likely to identify unpublished data, or to conduct a meta-analysis, or to assess risk of bias. 

Data on differences within devices were less frequently reported in systematic reviews that 

included nonrandomized or observational studies alone. Similarly, quality items were less 

frequently reported in systematic reviews that included nonrandomized or observational studies 

alone. However, reviews that included nonrandomized or observational studies alone frequently 

reported specific future research recommendations (Appendix E, Table E3). 

Comparison Between Reviews by Type of Journal 
Systematic reviews were analyzed by type of journal publication (general medical journals 

vs. specialty journals). Reviews published in specialty journals were less likely to identify 

unpublished data, conduct a meta-analysis, or assess risk of bias. However, there were no 

differences in reporting of device- or operator-specific data between reviews published in general 

medical journals and reviews published in specialty journals (Appendix E, Table E4). 

 



 
 

22 

 

Discussion 
We identified 30 items from the PRISMA and MOOSE checklists that were relevant to our 

Key Questions,
5,6

 along with 8 new device-specific and operator-specific items (see final list in 

Table 1). To our knowledge, there has been no prior empirical evaluation of systematic reviews 

of implantable medical devices. Although the deficiencies in reporting regarding some of items 

in systematic reviews of implantable medical devices are similar to those seen in reviews of 

drug-therapy studies,
17,18

 our findings highlight types of deficiencies that should be remedied. In 

particular, reviewers should a priori adhere to a specific guideline (e.g., those described in this 

report) when conducting a systematic review in order to avoid neglecting to report relevant 

characteristics within primary studies. Secondly, when conducting a review (and transitively, a 

primary study), it is essential that variation within the intervention with potential to influence or 

confound outcomes is reported or at least identified and acknowledged as a possible limitation. 

Consequently, heterogeneity should be adequately evaluated through subgroup or sensitivity 

analyses. 

Our analyses of a large sample of systematic reviews of implantable medical devices found 

that about 20 of 30 recommended items were commonly reported (as defined by reporting in at 

least 50 percent of the reviews). However, eight items identified as specific to the field of 

medical devices were all infrequently reported across device categories. We also identified 

inadequate reporting of 9 of 17 items that represented the clarity or transparency of methods and 

results. There were no significant differences in quality of reporting when reviews were stratified 

by their reporting of authors’ affiliations (vs. not reporting affiliations) to industry, except for 

one item of conducting a meta-analysis. It is possible that journals mandating disclosure of 

authors’ affiliation were more likely to accept systematic reviews with a meta-analysis than those 

without a meta-analysis. 

Our review also shows that the majority of the meta-analyses were conducted by applying 

accepted methodologies (92 percent). The remaining eight percent of the meta-analyses were 

performed in the presence of heterogeneity among device groups (e.g., by combining data across 

drug-eluting stents and bare-metal stents) or among studies combined across designs (e.g., by 

combining data across study designs of randomized trials and observational studies). In the 

presence of such heterogeneity, and by combining such studies into meta-analyses, the meaning 

of the result is unclear. For example, the utility of assessing outcomes of studies confounded by 

type of drug-eluting stent or performance of different operators at different sites is unclear.  

The number of systematic reviews of implantable medical devices has grown rapidly in 

recent years, with reviews being published in a broad range of journals. Our results indicate that 

current systematic reviews of implantable medical devices generally lack data on the reporting of 

some important items applicable to any systematic review, as well as data relevant to device- and 

operator-specific items that are specific to review of implantable medical devices. The device-

specific factors—including evolution of technology, generalization of results from one device to 

a similar device, evaluation of device–operator interactions, and evaluation of team expertise—

are important characteristics that should be examined in systematic reviews of implantable 

medical devices. Since there is no widely accepted guidance for reporting of information unique 

to implantable medical device studies, failure to report data on procedures and devices could 

potentially lead to invalid synthesis or interpretation of results. 
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Failure to report the variation in device specifics and operator techniques can potentially 

confound results. For example, several reviews of stent studies combined sirolimus- and 

paclitaxel-eluting stents together into a generic category of ―drug-eluting stents‖ when compared 

to bare-metal stents, without additional subgroup analyses. This highlights a need for the 

identification and inclusion of items to address device-specific information in a systematic 

review. The lack of reporting of these potentially important variables may stem from the fact that 

most reviews focused on evaluating clinical outcomes rather than whether device- or operator-

specific variables influenced the clinical outcomes. While this critical appraisal was under peer 

review, we evaluated 100 primary studies for quality of reporting of device- or operator-specific 

details (detailed methodology in Appendix F). Our review identified that primary studies 

frequently report device-specific data but infrequently report operator-specific data (Appendix 

F). Our findings do emphasize the need for improving quality of reporting in both primary 

studies and systematic reviews. 

Systematic reviews have gained acceptance as a useful way to summarize data and are also 

helpful in identifying knowledge gaps within primary studies as well as reviews of those studies. 

Findings from systematic reviews can help target current and identify future specific research 

needs. Therefore, good-quality reporting and well-conducted systematic reviews can minimize 

the likelihood of bias or misinterpretation of results. Systematic reviews and meta-analyses 

represent a very high level within a hierarchy of evidence, making it all the more important that 

they are conducted as methodologically rigorous as possible. 

Limitations 
The quality of reporting within the available primary literature is always a limitation, but 

these limitations ought to be systematically acknowledged and managed. Some of the generic 

items were observed to be reported in 100 percent of the reviews, while other items were rarely 

reported. Our examination relied on reporting by the authors of these reviews. It is possible that 

the authors of these reviews conducted comprehensive evaluations but we cannot comment on 

this unless authors clearly report their methods in journal publications. We did not check for 

data-extraction errors within the systematic reviews, contact review authors, or conduct any 

reanalysis of primary data from those reviews, as none of these was the primary purpose of our 

review. We did not conduct searches of grey literature to identify unpublished data. Thus, we 

cannot comment on the quality of reporting in grey literature. Our TEP panel did not include 

clinical experts. While inclusion of clinical experts as TEP members was desirable, it would have 

required a large panel of members (one for each device category) and was therefore not pursued. 

Finally, we used liberal criteria for reporting an item (either in the analyses or descriptively in 

the discussion). By using a very low threshold for reporting of device- and operator-specific 

information, our results may have inflated the numbers with regard to reporting of these 

important variables. 
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Recommendations of Reporting Items for Systematic 
Reviews of Implantable Medical Devices 

Reporting of Device- or Procedure-Specific Data 
Our report indicates that the reporting of study characteristics with regard to device- or 

procedure-specific data needs to be improved. Differences within devices or across device 

groups were reported in less than half of the reviews and less than one-tenth of the systematic 

reviews providing information on operator- or procedure-specific data. It is unclear whether the 

space allotted or word count of the journal is the reason for this poor reporting; if so, journal 

editors and reviewers should encourage authors to provide supplementary material for posting on 

a Web page. Information that should be reported includes the device characteristics, evolution of 

the device during the study period, details of training or certification of the operator, the operator 

learning curve, the level of expertise of the operating team or site, variations among 

practitioners, and volume at the sites that conducted the study. 

In addition, PROSPERO—the International Prospective Register of Systematic Reviews—

provides guidance on reporting, conduct, scientific writing, and publication of systematic 

reviews through a formal protocol registration process. We suggest incorporation of eight new 

device- and operator-specific items unique to implantable medical device studies at the time of 

registration of systematic reviews’ protocols. Such an effort would encourage researchers to 

practice accurate and transparent reporting of systematic reviews of implantable medical devices. 

We also suggest incorporation of eight new device- and operator-specific items unique to 

implantable medical device studies into the extension guidelines of PRISMA. 

Herein, we describe a list of device-specific characteristics within each of the five device 

categories that could be considered in future systematic reviews of implantable medical devices. 

The characteristics in this list are in no particular order but are limited to those that were 

described in systematic reviews of implantable devices evaluated in this report. Our TEP panel 

did not include clinical experts, and therefore, to identify additional device-specific 

characteristics, we encourage review authors to consult domain experts before embarking on 

future systematic reviews. 

 

Cardiac defibrillators with or without pacemakers:  

 Device type 

 Method of implantation 

 Position of the electrode 

 Description of microprocessor technology and programmable features 

 Alert features that monitor lead impedance 

Vascular interventional devices (e.g., stents) 

 Type of stent and stenting technique 

 Generation of stent (e.g., first or second generation) 

 Type of antiproliferative drug used 

 Delivery system 

 Polymer layer 

 Stent frame 
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Orthopedic implants 

 Type of device 

 Surgical technique or approach 

 Number and location of devices 

 Fixation and supplementary materials such as plates and screws 

 Type of device coating 

Skin-replacement grafts 

 Type of skin graft required 

 Composition of graft 

 Graft type: bioabsorbable or requiring removal 

Neurostimulators 

 Stimulation parameters 

o frequency 

o intensity 

o pulse width 

 Electrode location 

Reporting of Generic Items as Suggested in the PRISMA and the 

MOOSE Statements  
Expert panels have identified guidelines for the conduct and reporting of systematic reviews 

resulting in statements such as the PRISMA and the MOOSE. These statements have been 

adopted by many major journals as a tool to ensure appropriate conduct and reporting standards 

for systematic reviews. Journal editors and reviewers should encourage publication of systematic 

reviews of implantable medical devices that adhere to the conduct and reporting standards as 

outlined in these statements. 

Systematic Reviews of Implantable Devices Should Clearly State the 
Objective or Rationale For Conducting a Review 

We found that the objective or rationale for conducting a systematic review of implantable 

medical devices was often not stated clearly. A systematic review is often conducted to confirm a 

result from a primary study, or a meta-analysis may be conducted to increase the sample size and 

to determine whether the result from a primary study holds in other populations when combined 

with evidence from other studies. Another objective may be to evaluate sources of heterogeneity. 

Without stating an objective it is often difficult for readers to understand the exact reason for 

which a systematic review was conducted or whether the new review would add any new 

information to existing knowledge base. 

Systematic Reviews of Implantable Devices Should Explicitly Report 
Search and Study-Selection Criteria 

The majority of reviews of implantable medical devices explicitly reported search criteria 

and selection of studies. However, only a few conducted searches in languages other than 

English or attempted to include unpublished data. Moreover, in our review, less than one-half of 

the reviews reported the numbers of papers identified using a flow diagram, as is suggested in 

the PRISMA and the MOOSE statements. As compared with published trials, unpublished trials 
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tend to show less beneficial effect, but non–English-language trials and nonindexed trials tend to 

show larger treatment effects.
19

 Therefore, emphasis should be placed on identifying all available 

evidence by performing a comprehensive literature search (including unpublished studies and 

non–English-language studies). In addition, comparing unpublished data with published data can 

be useful in evaluating the potential impact of publication bias. 

Systematic Reviews of Implantable Devices Should Explore 
Heterogeneity Through Subgroup and Sensitivity Analyses 

Systematic reviews often explore the degree to which data from individual studies (e.g., from 

sensitivity analyses) or any variation in relation to specific clinical characteristics of the included 

studies (e.g., from subgroup analyses) affect the main findings. Our report shows that only half 

of the reviews used subgroup analyses and used sensitivity analyses to test whether the results of 

their review are robust. Authors usually perform a variety of analyses and they should publish all 

their analyses. 

Systematic Reviews of Implantable Devices Should Assess the Risk 
of Bias of the Primary Studies Included 

In our review, only 40 percent of systematic reviews of implantable medical devices assessed 

the risk of bias or used quality scales or checklists to assess the methodological quality of the 

primary studies included. Without these assessments, the internal validity of the included 

primary studies is unknown and therefore the impact of the potential biases in the primary 

studies on the conclusions of a systematic review remains unclear. Furthermore, transparent 

reporting of the risk of bias ensures more accurate, less biased summaries of the overall evidence 

that allow users of the systematic reviews to have a better understanding of the summarized 

evidence and what biases may exist. 

Systematic Reviews of Implantable Devices Should List Funding 
Sources and Authors’ Conflicts of Interest as Part of Their Standard 
Reporting 

We found that only 42 percent of systematic reviews reported the funding source, and about 

20 percent reported authors’ financial affiliation to industry. Some empirical evidence from 

drug-therapy trials has shown an association between the reporting of favorable results and 

industry funding and financial ties between authors and industry. Systematic reviews of 

implantable medical devices should, as part of their standard reporting, disclose device industry 

funding and authors’ affiliation with the device industry.  

Systematic Reviews of Implantable Devices Should Formally Assess 
the Overall Body of Evidence 

Only 18 percent of the reviews assessed the overall body of evidence. Rating or evaluating 

the overall body of evidence allows systematic reviews to link the quality of the overall evidence 

to the strength of their conclusions. A formal rating system such as the GRADE (Grades of 

Recommendation Assessment, Development, and Evaluation) allows systematic reviewers to 

carefully examine the benefits and harms and draw reasoned conclusions by considering the 

uncertainty of efficacy or effectiveness of an intervention of interest. Formal assessment of the 

overall body of evidence is a relatively new step in systematic reviews, and the proportion of 
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studies performing such an assessment may increase as the methods around it are adopted more 

widely. 
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Conclusions 
We critically appraised 181 systematic reviews of implantable medical devices, most of 

which were published in recent years. After evaluating these reviews according to the 30 items 

from the PRISMA and MOOSE guidelines, we observed that 20 items were commonly reported 

in more than 50 percent of the reviews. On the basis of input from the TEP, we developed eight 

items specific to evaluating implantable medical devices. These included device-specific items 

such as differences in characteristics across devices, differences in characteristics within a 

device, and the evolution of the device over time; as well as operator-specific information 

included training of providers, ramp-up in provider technique or learning curve, evaluation of 

team expertise, practitioner variability, and volume at each study site. Device-specific 

information was less commonly reported in reviews—differences in characteristics across 

devices (47 percent), differences in characteristics within a device (36 percent), and evolution of 

technology and its potential effects (21 percent). Operator-specific information were rarely 

reported in reviews—including training of providers (1 percent), ramp-up in provider technique 

or learning curve (7 percent), evaluation of team expertise (9 percent), practitioner variability (10 

percent), and volume at each study site (8 percent). 

Our evaluation of 181 systematic reviews on implantable medical devices reveals a lack of 

reporting of some important generic items applicable to any systematic review as well as device- 

and operator-specific information. We identified eight device- or operator-specific items that 

might be of value in reporting on systematic reviews of implantable devices and could be 

incorporated into reporting guidelines. 
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Appendix A. Search Strategy 
 

 1     defibrillators, implantable/ or pacemaker, artificial/ or cardiac resynchronization 

therapy devices/ or heart, artificial/ or heart-assist devices/ or Heart Valve Prosthesis/ (26457) 

  

 2     (defibrillator* or pacemaker* or cardiac resynchronization therapy device* or 

artificial heart or heart assist device* or heart valve prosthe*).mp. [mp=protocol supplementary 

concept, rare disease supplementary concept, title, original title, abstract, name of substance 

word, subject heading word, unique identifier] (42310) 

  

 3     implantable neurostimulators/ or neural prostheses/ or auditory brain stem implants/ 

or cochlear implants/ or Deep Brain Stimulation/ (5661) 

  

 4     (neurostimulat* or neural prosthe* or brain stem implant* or cochlear implant* or 

deep brain stimulat*).mp. [mp=protocol supplementary concept, rare disease supplementary 

concept, title, original title, abstract, name of substance word, subject heading word, unique 

identifier] (10382) 

  

 5     "prostheses and implants"/ or absorbable implants/ or artificial limbs/ or 

bioprosthesis/ or orthopedic fixation devices/ or external fixators/ or internal fixators/ (28244) 

  

 6     (artificial limb* or bioprosthe* or orthopedic fixation device* or external fixator* or 

internal fixator*).mp. [mp=protocol supplementary concept, rare disease supplementary concept, 

title, original title, abstract, name of substance word, subject heading word, unique identifier] 

(13888) 

  

 7     blood vessel prosthesis/ or stents/ or drug-eluting stents/ (40837) 

  

 8     (blood vessel prosthe* or stent* or drug-eluting stent*).mp. [mp=protocol 

supplementary concept, rare disease supplementary concept, title, original title, abstract, name of 

substance word, subject heading word, unique identifier] (57375) 

  

  

 9     (skin graft* or wound care or skin replac*).mp. or Skin, Artificial/ [mp=protocol 

supplementary concept, rare disease supplementary concept, title, original title, abstract, name of 

substance word, subject heading word, unique identifier] (9349) 

  

  

 10     1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 (142446) 

  

 11     meta-analysis.pt. (24009) 

  

 12     meta-analysis.sh. (24009) 
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 13     (meta-analys$ or meta analys$ or metaanalys$).mp. [mp=protocol supplementary 

concept, rare disease supplementary concept, title, original title, abstract, name of substance 

word, subject heading word, unique identifier] (43475) 

  

 14     (systematic$ adj9 review$).mp. [mp=protocol supplementary concept, rare disease 

supplementary concept, title, original title, abstract, name of substance word, subject heading 

word, unique identifier] (29696) 

  

 15     (systematic$ adj9 overview$).mp. [mp=protocol supplementary concept, rare 

disease supplementary concept, title, original title, abstract, name of substance word, subject 

heading word, unique identifier] (615) 

  

 16     (quantitativ$ adj9 review$).mp. (2098) 

  

 17     (quantitativ$ adj9 overview$).mp. [mp=protocol supplementary concept, rare 

disease supplementary concept, title, original title, abstract, name of substance word, subject 

heading word, unique identifier] (161) 

  

 18     (quantitativ$ adj9 synthesis$).mp. (907) 

  

 19     (methodologic$ adj9 review$).mp. (3153) 

  

 20     (methodologic$ adj9 overview$).mp. (173) 

  

 21     (integrative research review$ or research integration).mp. (48) 

  

 22     11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 (67875) 

  

23 10 and 22 (1385) 

 

24 limit 23 to yr="2009 - 2010" (467)
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Appendix B. Data Extraction Form 
The live form can be viewed and tested here: http://bit.ly/nhK0gl (last accessed on 1/30/2012) 

Timestamp  

Author Year PMID  

Extractor initials  

Was the funding source declared? 
* Industry support? 

Do the authors have industry ties? * Employed by Industry? 

Objective elements of PICO stated?  

Study Design(s) Included  

Search Terms Included in Full-text?  

>1 database searched?  

Search Year Start  

Search Year End  

Searched in >1 Language?  

Searched grey literature?  

Study Flow Diagram Included?  

Number of Excluded full-texts given?  

Inclusion criteria given?  

Reason(s) for exclusions given?  

Data extraction checked, or method described?  

Total number of included full-texts in SR:  

Any meta-analysis performed?  

If meta-analysis/es performed, how many unique studies included 
in MA in total?  

Describe the patient population  

Intervention/exposure  

Comparator  

Type(s) of outcomes 
* Efficacy 
* Safety 

Is control group defined as Standard of Care or Optimized Care?  

Adverse events reported?  

If adverse events reported, length of follow up is: 
* < 2 years 
* ≥ 2 years 

Was there heterogeneity in follow-up times across studies?  
Was there any discussion or evaluation at procedural and/or 
device level?  
Data on differences across device characteristics available or 
discussed?  
Data on differences within device characteristics available or 
discussed?  

Were the evolution of devices over time discussed?  

Other descriptions of device characteristics  
Any details included on background experience of implant team or 
surgeon?  

Training/certification of provider reported?  

Ramp-up in provider technique (ie learning curve) discussed?  
Level of expertise of team/site considered when full-texts were 
evaluated?  

http://bit.ly/nhK0gl
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Practitioner variability discussed?  

"Volume at sites" effect discussed?  

At least one subgroup analysis considered?  

If subgroup analysis/es considered, quantified?  

Was a meta-analysis performed?  

If meta-analysis performed, was accepted methodology used?  

If meta-analysis performed, what model(s) was used?  

Which of the following were reported? 

* Simple summary data 
for each group 
* Effect estimates 
* Confidence intervals 
* I

2
 

* Forest plot 
* Other 

Was there a quantitative assessment for heterogeneity in at least 
one of the meta-analyses?  

Was there an assessment for risk of bias?  

Graphical representation of results?  

Was a sensitivity analysis proposed? (Methods)  

Reporting of concurrent / co-medications in the study population?  

Was there heterogeneity within each device group?  
If there was heterogeneity within each device group, was it 
analyzed?  

Were studies grouped according to study design?  

Cost-effectiveness discussed?  

Future research recommendations made?  

Specific quality checklist used?  

Was an overall rating for the body of evidence given?  

Were the results of a sensitivity analysis reported or discussed?  
What are some of the limitations of the primary studies identified in 
the review?  

By outcome, which treatment is favored?  

General notes or comments  

Category of device  
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Appendix C. List of Included Studies in the Analyses 

Cardiac Implants 
 

 (1)  Berry SM, Ishak KJ, Luce BR, Berry DA. Bayesian meta-analyses for comparative 

effectiveness and informing coverage decisions. Med Care. 2010;48:S137-

S144.PM:20473185 

 (2)  Brilakis ES, Friedman PA, Maounis TN et al. Programmed ventricular stimulation in 

patients with idiopathic dilated cardiomyopathy and syncope receiving implantable 

cardioverter-defibrillators: a case series and a systematic review of the literature. Int J 

Cardiol. 2005;98:395-401.PM:15708170 

 (3)  Buxton M, Caine N, Chase D et al. A review of the evidence on the effects and costs of 

implantable cardioverter defibrillator therapy in different patient groups, and modelling 

of cost-effectiveness and cost-utility for these groups in a UK context. Health Technol 

Assess. 2006;10:iii-xi, 1.PM:16904046 

 (4)  Cheng JM, den Uil CA, Hoeks SE et al. Percutaneous left ventricular assist devices vs. 

intra-aortic balloon pump counterpulsation for treatment of cardiogenic shock: a meta-

analysis of controlled trials.  Eur Heart J. 2009;30:2102-2108.PM:19617601 

 (5)  Desai AS, Fang JC, Maisel WH, Baughman KL. Implantable defibrillators for the 

prevention of mortality in patients with nonischemic cardiomyopathy: a meta-analysis of 
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2007;147:251-262.PM:17709759 

 (7)  Ghanbari H, Dalloul G, Hasan R et al. Effectiveness of implantable cardioverter-

defibrillators for the primary prevention of sudden cardiac death in women with advanced 

heart failure: a meta-analysis of randomized controlled trials. Arch Intern Med. 
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gender on survival amongst patients with implantable cardioverter defibrillators for 
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Appendix Table E1. Reporting of characteristics in systematic reviews of implantable medical devices 
according to reported author affiliation. 
 

 
Systematic reviews  

n (%) 

Systematic reviews  

n (%) 
 

 

 

Reporting Item 

Authors affiliation 

to industry: 

reported 

N=38 

Author affiliation 

to industry: not 

reported 

N=143 

P-value 

Total 

N=181  

n (%) 

Search   
 

 

Search terms were described or referred 

to elsewhere 
33 (87) 132 (92) 0.36 165 (91) 

Multiple databases were searched 30 (79) 114 (79) 1.0 144 (79) 

Years searched were described 33 (87) 129 (90) 0.57 162 (89) 

Multiple languages were included in 

search 
9 (24) 53 (37) 0.18 62 (34) 

Authors explicitly stated searching for 

unpublished data 
17 (44) 63 (44) 1.0 80 (44) 

Selection     

Inclusion or exclusion criteria were 

stated 
37 (97) 138 (96) 1.00 175 (96) 

Population at baseline was reported 38 (100) 143 (100) NA 181 (100) 

Interventions/exposures were described 38 (100) 143 (100) NA 181 (100) 

Comparators were described 38 (100) 140 (98) 1.0 178 (98) 

Outcomes were described 38 (100) 143 (100) NA 154 (85) 

Types of studies included were reported 37 (97) 138 (96) 1.00 175 (96) 

Number of studies included and 

excluded were reported 
25 (64) 91 (63) 0.49 116 (61) 

Reasons for exclusion were described 30 (79) 109 (76) 0.83 139 (76) 

Results     

A flow diagram for the number of 

studies included and excluded was used 
20 (53) 60 (42) 0.27 80 (44) 

The number of primary studies included 1031 3257 NA 4288 

Results were presented graphically 29 (76) 88 (61) 0.09 117 (64) 

Meta-analyses were performed 32 (84) 92 (64) 0.02 124 (68) 

Costs or cost-effectiveness were 

described 
5 (13) 37 (26) 0.13 42 (23) 

Device-specific Variables     

Data on differences across device 

characteristics were discussed 
16 (42) 70 (49) 0.58 86 (47) 

Data on differences within device 

characteristics were discussed  
14 (37) 51 (35) 0.85 65 (36) 

Evolution of devices over time were 

discussed 
6 (16) 26 (18) 1.0 32 (18) 

Continued. 
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Appendix Table E1 . Continued 

 

Systematic 

reviews  

n (%) 

Systematic 

reviews  

n (%) 

  

Reporting items Authors 

affiliation to 

industry: 

reported 

N=38 

Author 

affiliation to 

industry: not 

reported 

N=143 

P-value 

Total 

N=181 

n (%) 

Operator-specific Variables      

Details of training/certification of provider 

were reported 
2 (5) 0 (0) 0.04 2 (1) 

Ramp-up in provider technique (i.e. learning 

curve) was discussed 
2 (5) 11 (8) 1.0 13 (7) 

Level of expertise of team/site were 

considered 
2 (5) 14 (10) 0.53 16 (9) 

Practitioner variability were discussed 5 (13) 13 (9) 0.54 18 (10) 

"Volume at sites" effect were discussed 3 (8) 11 (8) 1.0 14 (8) 

Handling of heterogeneity     

Models for meta-analyses were reported
 
 37 (97) 86 (70) 0.50 123 (99) 

Meta-analyses used accepted methodologies 

(e.g. studies grouped by design) 
27 (71) 87 (60) 0.35 114 (62) 

Heterogeneity was assessed or discussed? 32 (84) 107 (74) 0.28 139 (76) 

Sensitivity analyses were assessed or 

discussed 
14 (37) 51 (35) 0.85 65 (36) 

Results by subgroups were considered or 

quantified 
11 (29) 29 (20) 0.27 40 (22) 

Validity     

Risk of bias was assessed  

 
17 (45) 62 (43) 0.85 79 (43) 

Publication bias was assessed  13 (34) 46 (32) 0.85 59 (48)
 
 

Quality items or checklists were applied and 

reported 
14 (37) 58 (40) 0.85 72 (40) 

Discussion     

Study limitations were described 37 (97) 138 (96) 1.0 175 (96) 

Overall strength of the body of evidence was 

assessed 
5 (13) 28 (19) 0.48 33 (18) 

Specific future research recommendations 

were made 
30 (79) 119 (83) 0.64 149 (82) 

Funding source was identified 

 
20 (53) 56 (39) 0.14 76 (42) 
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Appendix Table E2. Reporting characteristics in systematic reviews (with or without meta-analyses) of 
implantable medical devices 

Reporting Item 

Systematic 

reviews  

n (%) 

Systematic 

reviews  

n (%) 

  

 

Meta-

analysis 

conducted 

N=124 

No meta-

analyses 

conducted 

N=57 

P-value 

Total 

N=181 

n (%) 

 

Search     

Search terms were described or referred 

to elsewhere 
115 (92) 50 (88) 0.41 165 (91) 

Multiple databases were searched 105 (84) 39 (68) 0.02 144 (79) 

Years searched were described 113 (91) 49 (84) 0.21 162 (89) 

Multiple languages were included in 

search 
48 (38) 14 (25) 0.09 62 (34) 

Authors explicitly stated searching for 

unpublished data 
66 (53) 14 (25) <0.001 80 (44) 

Selection     

Inclusion or exclusion criteria were 

stated 
122 (98) 53 (91) 0.03 175 (96) 

Population at baseline was reported 124 (100) 57 (100) NA 181 (100) 

Interventions/exposures were described 124 (100) 57 (100) NA 181 (100) 

Comparators were described 123 (99) 55 (99) 0.24 178 (98) 

Outcomes were described 121 (98) 57 (100) 0.55 178 (98) 

Types of studies included were reported 121 (98)  55 (95)   176 (96) 

Number of studies included and 

excluded were reported 
91 (73) 25 (44) <0.001 116 (61) 

Reasons for exclusion were described 105 (85) 34 (59) <0.001 139 (76) 

Results     

A flow diagram for the number of 

studies included and excluded was used 
66 (53) 14 (25) <0.001 80 (44) 

The total number of primary studies 

included  
2876 1412 NA 4288 

Results were presented graphically 114 (91) 3 (5) <0.001 117 (64) 

Costs or cost-effectiveness were 

described 
24 (19) 18 (32) 0.09 42(23) 

Device-specific Variables     

Data on differences across device 

characteristics were discussed 
61 (49) 25 (44) 0.63 86 (47) 

Data on differences within device 

characteristics were discussed  
48 (38) 17 (30) 0.32 65 (36) 

Evolution of devices over time were 

discussed 
23 (18) 15 (26) 0.24 38 (21) 

Continued. 
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Appendix Table E2. Continued 

Reporting Item 

Systematic 

reviews 

n (%) 

Systematic 

reviews 

n (%) 

  

 

Meta-analysis 

N=124 

No meta-

analyses 

N=57 

P-value 

Total 

N=181 

n (%) 

Operator-specific Variables     

Details of training/certification of provider 

were reported 
2 (2) 0 (0) 0.47 2 (1) 

Ramp-up in provider technique (i.e. learning 

curve) was discussed 
9 (7) 4 (7) 0.62 13 (7) 

Level of expertise of team/site were 

considered 
10 (8) 6 (11) 0.58 16 (9) 

Practitioner variability were discussed 13 (11) 5 (9) 0.50 18 (10) 

"Volume at sites" effect were discussed 7 (6) 7 (12) 0.14 14 (8) 

Handling of heterogeneity     

Models for meta-analyses were reported
 
 121 (97)  NA NA 123 (99)

a
 

Meta-analyses used accepted methodologies 

(e.g. studies grouped by design) 
114 (92) NA NA 114 (62)

a
 

Heterogeneity was assessed or discussed? 112 (90) 27 (48) <0.001 139 (76) 

Sensitivity analyses were assessed or 

discussed 
60 (48) 5 (9) <0.001 65 (36) 

Results by subgroups were considered or 

quantified 
77 (62) 15 (26) <0.001 92 (51) 

Validity     

Risk of bias was assessed  

 
71 (57) 8 (14) <0.001 79 (43) 

Publication bias was assessed  59 (46) NA NA 59 (46)
 a
 

Quality items or checklists were applied and 

reported 
53 (43) 19 (33) 0.26 72 (40) 

Discussion     

Study limitations were described 56 (97) 119 (96) 1.0 175 (96) 

Overall strength of the body of evidence was 

assessed 
14 (11) 19 (33) 0.001 33 (18) 

Specific future research recommendations 

were made 
96 (77) 53 (93) 0.007 149 (82) 

Funding source was identified 

 
57 (42) 19 (33) 0.15 76 (42) 

 Authors’ affiliation to industry was 

reported 

 

32 (26) 6 (10) 0.03 38 (21) 

 

a. Among 181 eligible systematic reviews, 124 conducted a meta-analysis. One of 124 studies did not report a model 

for meta-analysis 
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Appendix Table E3. Reporting characteristics in systematic reviews of implantable medical devices by study 
types 

Reporting Item  
Systematic reviews  

n (%) 
 

P-value 

 

Randomized 

trials 

N=66 

Nonrandomized/observational 

studies 

N=51 

Both 

N=64 

Search     

Search terms were described or 

referred to elsewhere 
58 (88) 48 (94) 59 (92) 0.59 

Multiple databases were searched 57 (86) 32 (63) 55 (86) 0.005 

Years searched were described 60 (91) 44 (86) 58 (90) 0.76 

Multiple languages were included in 

search 
31 (47) 11 (22) 20 (31) 0.01 

Authors explicitly stated searching 

for unpublished data 
43 (65) 15 (29) 22 (34) <0.001 

Selection     

Inclusion or exclusion criteria were 

stated 
63 (96) 50 (98) 62 (97) 0.79 

Population at baseline was reported 66 (100) 51 (100) 64 (100) NA 

Interventions/exposures were 

described 
66 (100) 51 (100) 64 (100) NA 

Comparators were described 66 (100) 49 (96) 64 (99) 0.20 

Outcomes were described 
66 (100) 51 (100) 64 (100) NA 

Number of studies included and 

excluded were reported 
44 (66) 31 (61) 41 (61) 0.53 

Reasons for exclusion were described 48 (73) 39 (77) 52 (80) 0.61 

Results     

A flow diagram for the number of 

studies included and excluded was 

used 

31 (47) 18 (35) 31 (48) 0.36 

The number of primary studies 

included 
962 1288 2038 NA 

Results were presented graphically 58 (88) 21 (41) 38 (58) <0.001 

Costs or cost-effectiveness were 

described 
17 (26) 6 (12) 19 (29) 0.06 

Meta-analyses were performed 59 (89) 23 (45) 42 (64) <0.001 

Device-specific Variables      

Data on differences across device 

characteristics were discussed 
29 (44) 23 (45) 34 (55) 0.60 

Data on differences within device 

characteristics were discussed  
32 (48) 11 (22) 22 (34) 0.01 

Evolution of devices over time were 

discussed 
12 (18) 11 (22) 15 (23) 0.76 

Continued. 
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Appendix Table E3. Continued 

  
Systematic reviews 

n (%) 
  

Reporting item 

Randomized 

trials 

N=66 

Nonrandomized / 

observational 

studies 

N=51 

Both 

N=64 
P-value 

Operator-specific Variables     

Details of training/certification of provider 

were reported 
1 (2) 0 (0) 1 (2) 1.0 

Ramp-up in provider technique (i.e. learning 

curve) was discussed 
3 (5) 6 (12) 4 (6) 0.31 

Level of expertise of team/site were 

considered 
3 (5) 7 (14) 6 (9) 0.20 

Practitioner variability were discussed 6 (9) 6 (12) 6 (9) 0.86 

"Volume at sites" effect were discussed 2 (3) 6 (12) 6 (9) 0.15 

Handling of heterogeneity     

Models for meta-analyses were reported
 
 59 (89) 23 (45) 42 (64) <0.001 

Meta-analyses used accepted methodologies 

(e.g. studies grouped by design) 
59 (89) 20 (39) 36 (56) <0.001 

Heterogeneity was assessed or discussed? 42 (63) 24 (47) 37 (57) 0.20 

Sensitivity analyses were assessed 32 (48) 10 (20) 23 (35) 0.005 

Results by subgroups were considered or 

quantified 
19 (29) 8 (16) 13 (20) 0.22 

Validity     

Risk of bias was assessed  

 
39 (59) 15 (29) 25 (36) 0.003 

Publication bias was assessed  34 (52) 8 (16) 17 (26) <0.001 

Quality items or checklists were applied and 

reported 
33 (50) 12 (23) 27 (42) 0.01 

Discussion     

Study limitations were described 63 (96) 50 (98) 62 (97) 0.79 

Overall strength of the body of evidence was 

assessed 
10 (15) 10 (19) 13 (20) 0.79 

Specific future research recommendations 

were made 
48 (73) 47 (92) 54 (84) 0.03 

Funding source was declared 33 (50) 22 (43) 21 (32) 0.12 

 Authors’ affiliation to industry was 

reported 
16 (24) 8 (16) 14 (22) 0.55 
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Appendix Table E4. Reporting of characteristics in systematic reviews of implantable medical devices 
according to journal type 
 

  

Systematic 

reviews  

n (%) 

 
 

 

Reporting Item 

Published in 

general 

medical 

journals 

N=34 

Published in 

specialty 

medical 

journals 

N=147 

P-value 

Total 

N=181  

n (%) 

Search   
 

 

Search terms were described or referred to 

elsewhere 
30 (88) 135 (92) 0.51 165 (91) 

Multiple databases were searched 30 (88) 114 (78) 0.36 143 (79) 

Years searched were described 30 (88) 132 (90) 0.51 162 (90) 

Multiple languages were included in search 15 (44) 47 (32) 0.23 62 (34) 

Authors explicitly stated searching for 

unpublished data 
24 (71) 56 (38) 0.001 80 (44) 

Selection     

Inclusion or exclusion criteria were stated 34 (100) 141 (96) 1.0 175 (96) 

Population at baseline was reported 34 (100) 147 (100) 1.0 181 (100) 

Interventions/exposures were described 34 (100) 147 (100) 1.0 181 (100) 

Comparators were described 34 (100) 144 (98.0) 1.0 178 (98) 

Outcomes were described 34 (100) 144 (98) 1.0 178 (98) 

Types of studies included were reported 34 (100) 147 (100) 1.0 181 (100) 

Number of studies included and excluded 

were reported 
22 (64.71 94 (64.0) 0.65 116 (63) 

Reasons for exclusion were described 27 (79) 112 (76) 0.82 139 (76.8) 

Results     

A flow diagram for the number of studies 

included and excluded was used 
18 (52.9) 62 (42.2) 0.34 80 (44.2) 

The number of primary studies included 852 3436 NA 4288 

Results were presented graphically 24 (70.6) 93 (63.3) 0.55 117 (64.6) 

Meta-analyses were performed 27 (79.4) 97 (66.0) 0.15 124 (68.5) 

Costs or cost-effectiveness were described 16 (47) 26 (18) 0.001 42 (23) 

Device-specific Variables      

Data on differences across device 

characteristics were discussed 
18 (53) 68 (46) 0.57 86 (48) 

Data on differences within device 

characteristics were discussed  
11 (32) 54 (37) 0.78 65 (36) 

Evolution of devices over time were 

discussed 
9 (27) 29 (20) 0.48 38 (21) 

Continued. 
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Appendix Table E4. Continued 

  

Systematic 

reviews  

n (%) 

  

Reporting items Published in 

general 

medical 

journals 

N=34 

Published in 

specialty 

medical journals 

N=147 

P-value 

Total 

n (%) 

N=181 

Operator-specific Variables     

Details of training/certification of provider 

were reported 
1 (3) 1 (1) 0.34 2 (1) 

Ramp-up in provider technique (i.e. learning 

curve) was discussed 
2 (6) 11 (8) 1.0 13 (7) 

Level of expertise of team/site were 

considered 
1 (3) 15 (10) 0.31 16 (9) 

Practitioner variability were discussed 1 (3) 17 (12) 0.20 18 (10) 

"Volume at sites" effect were discussed 2 (6) 12 (8) 1.0 14 (8) 

Handling of heterogeneity     

Models for meta-analyses were reported
 
 27 (79.4) 97 (66.0) 0.15 123 (69) 

Meta-analyses used accepted methodologies 

(e.g. studies grouped by design) 
27 (79) 87 (60) 0.05 114 (63) 

Heterogeneity was assessed or discussed? 30 (88) 109 (74) 0.002 139 (76) 

Sensitivity analyses were assessed or 

discussed 
20 (59) 45 (31) 0.003 65 (36) 

Results by subgroups were considered or 

quantified 
22 (65) 70 (48) 0.08 92 (51) 

Validity     

Risk of bias was assessed  

 
21 (62) 58 (40) 0.02 79 (43) 

Publication bias was assessed  17 (50) 42 (29) 0.03 59 (33) 

Quality items or checklists were applied and 

reported 
21 (62) 51 (35) 0.006 72 (40) 

Discussion     

Study limitations were described 33 (97) 142 (96) 1.0 175 (96) 

Overall strength of the body of evidence was 

assessed 
    

Specific future research recommendations 

were made 
26 (76.5) 122 (83.0) 0.46 148 (81.8) 

Funding source was identified 24 (71) 52 (35) 0.0 76 (42) 

Authors’ affiliation to industry was reported. 8 (24) 30 (21) 0.81 38 (21) 
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Appendix F. A Critical Appraisal of Primary Studies of 
Implantable Medical Devices 

Background 

 Despite a significant number of published studies in the field of medical devices, empirical 

research evaluating medical devices has lagged behind the innovations. As the designated 

evidenced-based practice center (EPC) for the cross-cutting concentration of diagnostic testing, 

imaging technologies, and medical and assistive devices, we recently conducted a critical 

appraisal of reporting of systematic reviews of implantable medical devices. Technical experts 

identified the following five groups of implantable medical devices as topics of interest for 

evaluating published systematic reviews: cardiovascular, vascular interventional, orthopedic 

implants, skin replacement grafts, and neurostimulators. 

 The technical expert panel opined that the device-specific factors including generation of 

technology, generalizing results from one device to a similar device, evaluation of device-

operator interactions, and evaluation of team are important characteristics in the evaluation of 

systematic reviews of implantable medical devices. This critical appraisal has evaluated 181 

systematic reviews of five selected groups of implantable devices, most of which were published 

within the last 2 years. Of these reviews, 19 evaluated cardiac implantable devices, 124 

evaluated vascular devices, 16 evaluated orthopedic implants, 8 evaluated skin-replacement 

grafts, and 14 evaluated neurostimulators. We identified that many of the device- or operator-

specific information are not reported in the systematic reviews. From reviewing systematic 

reviews alone, it is unclear whether systematic reviews ignored reporting of device-specific 

characteristics or if they were not adequately reported in the primary studies. 

Objective 

 The objective of the project is to conduct a critical appraisal of reporting of published 

primary studies of implantable medical devices that were incorporated in randomly selected 

systematic reviews. The specific aims of this work assignment are as follows: 

 

Aim 1. Evaluate the frequency of reporting of device-specific or operator-specific information 

in a randomly selected subset of primary studies of implantable medical devices. 

Aim 2. Assess the association of reporting of device- or operator-specific information in 

primary studies with study design and outcomes characteristics reported.  

Aim 3. Compare reporting of device- or operator-specific characteristics between primary 

studies and the systematic review that incorporated these studies.  

 

Methods 

Study Selection and Eligibility Criteria 
 We sought to evaluate the reporting of device- or operator-specific information in 

approximately 100 nonoverlapping primary studies of implantable medical devices to compare if 
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reporting in systematic reviews mirror reporting in primary studies. This sample was identified 

from 181 systematic reviews of implantable medical devices included in an empirical project. 

We first selected a random subset of 10 systematic reviews, two reviews for each of the five 

device categories. For each device category, one review had to have reported or discussed at 

least one of the three device-specific items and the second could not have reported or discussed 

any. We based the selection of one review with device-specific information and the other without 

device-specific information because operator-specific information was rarely reported among 

reviews. For pragmatic reasons we could select only two systematic reviews from each of the 

five device categories, and a limited number of primary studies incorporated in these reviews. 

Albeit a small sample, within each of the device categories, we selected one review that reported 

device-specific information and the other without to get an indication of whether the lack of 

reporting of device or operator specific information in SRs is related to lack of reporting of these 

information in primary studies. In order to achieve a feasible number of at least 100 

nonoverlapping primary studies, each of the randomly selected systematic reviews had to have a 

minimum of 9 and a maximum of 20 primary studies. A minimum threshold of less than 9 

primary studies in the review would result in fewer than 100 primary studies, while a maximum 

threshold of more than 20 studies would result in a much larger number of primary studies. 

Using these thresholds, 62 of the 181 reviews were eligible for review of the primary studies 

included, of which we selected the random subset of 10 systematic reviews (two per device 

category).  

 All primary studies included in the systematic reviews were eligible, irrespective of design or 

duration of followup. We excluded primary studies reported only in abstract form, because of the 

limited space provided to report the information we were interested in. We also excluded cost-

effective analyses and those not reporting on an implantable device. 

Data Fields and Extraction 
 For each primary study, the following data was recorded: author and year of publication, 

description of the population (yes/no for reporting of the disease stage or severity, basic 

demographics, and inclusion/exclusion criteria), center characteristics (single vs. multi-center), 

type of study design, source of funding (industry vs. no industry and reporting of author 

affiliation to industry), device category, concomitant medications, device-specific information 

(yes/no for reporting of the following items: adequate description of device characteristics, name 

of model or manufacturer, methods of implantation, and generation of device or modification to 

the algorithm), operator-specific information (yes/no for reporting of the following items: 

training/certification of the operator, learning curve, experience of the team, volume at the 

center, and practitioner variability), primary outcome (yes/no for definition, time points and 

description of assessment), and type of primary outcome (yes/no for reporting of clinical vs. 

surrogate). A detailed description of data elements is given in the Additional Information section. 

Reviewers with expertise in conducting systematic reviews participated in data extraction. All 

reviewers had to have no conflict of interest and were required to sign a disclosure statement. 

The selection and data extraction of all eligible papers was carried out by a single reviewer and 

verified by a second reviewer. Any disagreements were resolved through discussion and 

consensus among the data extractors or with the help of a third reviewer. 
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Data Synthesis and Analyses 
 All included primary studies were summarized in narrative form and in summary tables that 

tabulate the important features of each of the three aims. Descriptive analyses were conducted to 

evaluate reporting characteristics of randomly selected primary studies within each of the five 

groups of implantable medical devices. All comparisons were performed using the Fisher exact 

test for categorical variables or the Kruskal-Wallis test for continuous variables. 

 For Aim1, the reporting of device- or operator-specific information was additionally 

extracted as binary data (yes/no). We calculated the proportion of studies that reported analyses 

of device-specific characteristics.  

 For Aim 2, subgroup analyses were conducted to examine reporting versus no reporting of 

device- or operator-specific information in the primary studies for the following study-level 

characteristics: year of publication, population, intervention, comparator, type of study design, 

and source of funding. All comparisons were performed using the Fisher exact test for 

categorical variables or the Kruskal-Wallis test for continuous variables. 

 For Aim 3, we calculated the proportion of primary studies that reported device-specific 

characteristics and compared these proportions to the quality of reporting of corresponding items 

in their respective systematic reviews. 

 

Results 

 We identified 111 eligible primary studies included in 10 systematic reviews of implantable 

medical devices (available in Appendix Table F6 in the Additional Information section as well as 

in the References).  

Aim 1 

Evaluate the frequency of reporting of device-specific or operator-specific information in a 

randomly selected subset of primary studies of implantable medical devices. 

 At the primary study level, data were considered to be “frequently reported” when they were 

reported in 50 percent or more of the primary studies. Most of the items relevant to device 

characteristics were frequently reported in the primary studies (Appendix Table F1). Less 

consistently reported were evolution of technology or modifications in device during study 

period (23 percent) and all five operator-/site-specific items including training of providers (4 

percent), ramp-up in provider technique or learning curve (5 percent), evaluation of team 

expertise (10 percent), practitioner variability (24 percent), and volume at each study site (2 

percent). 
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Appendix Table F1. Reporting characteristics in 111 selected primary studies of implantable 
medical devices 

Device-specific Variables  Categories Number of studies (%) 

Name of the model or manufacturer 
mentioned  

Yes 75 (68) 

 No 36 (33) 

Methods of implantation or surgical 
techniques mentioned 

Yes 82 (74) 

 No 29 (26) 

Generation of device, when applicable, or 
modifications to algorithm described  

Yes 25 (23) 

 No 86 (78) 

Description of use of concomitant 
medications 

Yes 76 (69) 

 No 35 (32) 

Operator-/site-specific Variables   

Details of training/certification of provider  Yes 4 (4) 

 No 107 (96) 

Details of ramp-up in provider technique 
(i.e., learning curve) 

Yes 5 (5) 

 No 106 (96) 

Details of level of expertise of team/site Yes 11 (10) 

 No 100 (90) 

Practitioner variability were discussed Yes 27 (24) 

 No 84 (76) 

Volume at sites effect were discussed Yes 2 (2) 

 No 109 (98) 

 

Aim 2 

Assess the association of reporting of device- or operator-specific information in primary studies 

with study design and outcomes characteristics reported. 

 The description of device-specific information—including name of the model or 

manufacturer of the device, device implantation techniques, and description of use of 

concomitant medications—was significantly more frequently reported in studies that reported 

disease stages (Appendix Table F2). Other variables such as study design and outcome reporting 

were not associated with reporting of device-specific information (Appendix Tables F3 and F4). 

 Because of less consistent reporting of operator-specific information, we did not evaluate this 

variable with characteristics related to study design and outcomes. 
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Appendix Table F2. Reporting of device characteristics by whether disease stage or severity was 
reported 

Variables in 
primary studies 

Categories 
Number of 
studies (%) 

Disease 
stage/severity 

reported 
N (%) 

Disease stage/severity 
not reported 

N (%) 

P-value for 
comparison 

Name of the model 
or manufacturer 
mentioned  

Yes 75 (68) 69 (92) 6 (8) 0.004 

 No 36 (33) 25 (69) 11 (31)  

Methods of 
implantation or 
surgical 
techniques 
mentioned 

Yes 82 (74) 78 (85) 4 (5) 0.0 

 No 29 (26) 16 (55) 13 (45)  

Generation of 
device, when 
applicable, or 
modifications to 
algorithm 
described  

Yes 25 (23) 24 (96) 1 (4) 0.11 

 No 86 (78) 70 (81) 16 (19)  

Description of use 
of concomitant 
medications 

Yes 76 (69) 68 (89) 8 (11) 0.05 

 No 35 (32) 26 (74) 9 (26)  

N = number 
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Appendix Table F3. Reporting of device characteristics by study design 

Variables in 
primary studies 

Categories 
Number of 
studies (%) 

RCT 
design  
N (%) 

Nonrandomized 
or observational  

N (%) 

P-value for 
comparison 

Name of the model 
or manufacturer 
mentioned  

Yes 75 (68) 38 (51) 37 (49) 0.16 

 No 36 (33) 13 (36) 23 (64)  

Methods of 
implantation or 
surgical 
techniques 
mentioned 

Yes 82 (74) 42 (51) 40 (49) 0.08 

 No 29 (26) 9 (31) 20 (69)  

Generation of 
device, when 
applicable, or 
modifications to 
algorithm 
described  

Yes 25 (23) 15 (60) 10 (40) 0.65 

 No 86 (78) 45 (52) 41 (48)  

Description of use 
of concomitant 
medications 

Yes 76 (69) 43 (57) 33 (43) 0.54 

 No 35 (32) 17 (49) 18 (51)  

N = number, RCT = randomized controlled trial 

 
Appendix Table F4. Reporting of device characteristics by reporting of outcome definition 

Variables in primary 
studies 

Categories 
Number of 
studies (%) 

Outcome 
definition 
reported 

N (%) 

Outcome definition not 
reported 

N (%) 

P-value for 
comparison 

Name of the model or 
manufacturer 
mentioned  

Yes 75 (68) 38 (51) 37 (49) 0.16 

 No 36 (33) 13 (36) 23 (64)  

Methods of 
implantation or 
surgical techniques 
mentioned 

Yes 82 (74) 78 (95) 4 (5) 0.65 

 No 29 (26) 27 (93) 2 (7)  

Generation of device, 
when applicable, or 
modifications to 
algorithm described  

Yes 25 (23) 24 (96) 1 (4) 1.0 

 No 86 (78) 81 (94) 5 (6)  

Description of use of 
concomitant 
medications 

Yes 76 (69) 72 (95) 4 (5) 1.0 

 No 35 (32) 33 (94) 2 (5)  

N = number 
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Aim 3 

Compare reporting of device- or operator-specific characteristics between primary studies and 

the systematic reviews that incorporated these studies. 

 We compared reporting of device- and operator-specific characteristics between the 10 

systematic reviews and the 111 primary studies incorporated in those 10 reviews (Appendix 

Table F5). 

 Initially, we had selected 8 device- or operator-specific reporting items of systematic review 

— three device-specific and five operator-specific — to compare with corresponding items in the 

111 primary studies. Comparisons between systematic reviews and primary studies incorporated 

in these reviews were possible for all five operator-specific characteristics. However, there were 

limitations in comparing three device-specific items (within-device differences, across-device 

differences, and evolution of devices) between systematic reviews and primary studies 

incorporated in these reviews. We found that the three device-specific items were more relevant 

to systematic reviews as they inherently examined multiple studies published over a period of 

time that often evaluated multiple devices. For example, a systematic review description of 

devices can include “Three trials use nitinol stents while the other trials used stainless steel. 

There is speculation that nitinol stents may perform differently to stainless steel, however this is 

not apparent in these data.” Such device differences comparisons were not possible in primary 

studies. Therefore, in primary studies, we assessed whether devices were adequately described 

using one or more of the following items: name of a device model, methods of implantation, and 

generation of device. We compared the descriptions of device information in primary studies 

against the reporting of device-specific information in the corresponding systematic review 

(Table 5). Descriptions of devices were adequately described in almost three-quarters (81/111) of 

the primary studies.  However, within the cardiac implantable device category, only 14 percent 

(3/22) of primary studies adequately described devices. 

 Operator-specific characteristics were rarely discussed across all primary studies with 

reporting for the five items; reporting varied between approximately one percent (1/111) and 24 

percent (27/111). As expected, this observation is generally consistent across the four systematic 

reviews that lacked reporting on device/operator-specific characteristics. However, despite lack 

of reporting in the systematic reviews, within the vascular interventional and orthopedic device 

categories, practitioner variability is discussed in over 50 percent (9/15) of the corresponding 

primary studies. Nevertheless, level of expertise is considered in almost 45 percent (4/9) of the 

primary studies for the vascular interventional and the corresponding systematic review also 

reported the item of level of expertise.
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Appendix Table F5. Comparisons of reporting characteristics in selected primary studies of implantable medical devices with reporting 
in systematic reviews that incorporated these studies 

Categories 
Cardiac 
(SR 1) 

Cardiac 
(SR 2) 

Vasc 
(SR 1) 

Vasc 
(SR 2) 

Neuro 
(SR 1) 

Neuro 
(SR 2) 

Ortho 
(SR 1) 

Ortho 
(SR 2) 

Skin 
(SR 1)* 

Skin 
(SR 2)* 

Total N Primary 
studies 

N Primary studies per SR 11 11 12 9 15 16 9 6 3 19 111 

DEVICE-SPECIFIC            

SR reporting device information Reported NR Reported NR Reported NR Reported NR Reported Reported Not applicable 

Device information in Primary studies N 
(%) 

0 
(0) 

3 
(27) 

12 
(100) 

6 
(67) 

13 
(87)  

13 
(81) 

8 
(89) 

5 
(83) 

3 
(100) 

18 
(95) 

81 (73) 

OPERATOR-SPECIFIC            

SR reporting operator/team expertise NR NR NR Reported NR NR NR NR NR NR Not applicable 

Primary studies reporting operator/team 
expertise N (%) 

0 
(0) 

0 
(0) 

2 
(17) 

4 
(44) 

1 
(7) 

2 
(13) 

0 
(0) 

0 
(0) 

0 
(0) 

3 
(16) 

12 
(11) 

SR reporting details of training NR NR NR NR NR NR NR NR NR NR Not applicable 

Primary studies reporting operator 
training N (%) 

0 
(0) 

0 
(0) 

1 
(8) 

1 
(11) 

0 
(0) 

0 
(0) 

1 
(11) 

1 
(17) 

0 
(0) 

0 
(0) 

4 
(4) 

SR reporting learning curve  NR NR NR NR NR NR NR NR NR NR Not applicable 

Primary studies reporting learning curve 
N (%) 

0 
(0) 

0 
(0) 

1 
(8) 

0 
(0) 

0 
(0) 

0 
(0) 

1 
(11) 

0 
(0) 

1 
(33) 

2 
(11) 

5 
(5) 

SR reporting practitioner variability NR NR NR NR NR NR NR NR NR NR Not applicable 

Primary studies reporting practitioner 
variability N (%) 

1 
(9) 

9 
(1) 

5 
(42) 

4 
(44) 

1 
(7) 

3 
(19) 

4 
(44) 

5 
(83) 

0 
(0) 

3 
(16) 

27 
(24) 

SR reporting volume at sites  NR NR NR Reported NR NR NR NR NR NR Not applicable 

Primary studies reporting volume at sites 
N (%) 

0 
(0) 

0 
(0) 

1 
(8) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

0 
(0) 

1 
(1) 

 
N = number; NR = not reported; SR = systematic reviews 

SR 1: Reviews that reported device-specific information, but provided no operator-specific information. 

SR 2: Reviews that did not report any device-specific information. 
* All skin-replacement reviews reported device-specific information but did not report operator-specific information. 
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Conclusion 

 Most of the items relevant to device characteristics were frequently described in 111 eligible 

primary studies. Less consistently reported were evolution of technology or modifications in 

device during study period, as well as all five operator-/site-specific characteristics. Reporting of 

device- and operator-specific characteristics from 10 systematic reviews were compared to their 

reporting in the corresponding primary studies. Frequency of reporting at the primary study level 

was tallied and items were considered to have been frequently reported when they were 

described in 50 percent or more of the studies. Within all but five of the systematic reviews, the 

review reported an item when it was frequently reported at the primary study-level. Whenever an 

item was infrequently reported at the primary level, it was not reported at the review level. The 

same result was found for averages across all studies: those items that were frequently reported 

were also reported on the review level in at least one review; infrequently reported items were 

found in no reviews. 

 We identified eight device- or operator-specific items that might be of value in reporting in 

primary studies and systematic reviews of implantable devices that should be incorporated into 

reporting guidelines. 
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Additional Information 
Data Extraction Form is available at the following link: 
https://docs.google.com/spreadsheet/viewform?hl=en_US&formkey=dGFjZG5YZFAyclg4amlhcnExS0JYWUE6M

A#gid=0 

Population: Description of the following 

Disease mentioned (Yes/No) 

Stage or severity (Yes/No) 

Basic demographics such as age, gender, co-morbid conditions (Yes/No) 

Inclusion or exclusion criteria reported (Yes/No) 

Outcomes: Description of the following 

Definition of outcomes (at least primary outcome) stated (Yes/No) 

The time points of outcome measurement described (Yes/No) 

How the outcomes assessed were described (Yes/No) 

Clinical outcomes / surrogate outcomes /both 

Study design: RCT/n-RCT/Registry/ observational/other  

Where the population was recruited (single /multi-center) 

Funding source identified (Yes/No) 

If yes, Industry funded (in full or part) (Yes/No) 

Did one or more authors have industry ties? (Yes/No/Not reported) 

Device category: Cardiac implantable / vascular interventional / orthopedic / skin-replacement 

/neurostimulator 

Concomitant medications described (Yes/No) 

Intervention (single device): Description of the following 

Adequate description of device characteristics? (Yes/No) 

Level of detail of description of device (High/Low) 

Name of the model or manufacturer mentioned (Yes/No) 

Methods of implantation or surgical techniques mentioned (Yes/No) 

Generation of device, when applicable, or modifications to algorithm described (Yes/No) 

Intervention (multiple devices): Description of the following for all devices 

Adequate description of device characteristics? (Yes/No) 

Level of detail of description of device (High/Low) 

Name of the model or manufacturer mentioned (Yes/No) 

Methods of implantation or surgical techniques mentioned (Yes/No) 

Generation of device, when applicable, or modifications to algorithm described 

(Yes/No)Separate analyses or data separately presented for multiple devices? (Yes/No) 

_______________________________________________________________________ 

Is comparator a/an: other device?/medical intervention?/other (describe) 

Comparator, if it is another device(s): Description of the following 

Adequate description of device characteristics? (Yes/No) 

Level of detail of description of device (High/Low) 

Name of the model or manufacturer mentioned (Yes/No) 

Methods of implantation or surgical techniques mentioned (Yes/No) 

Generation of device, when applicable, or modifications to algorithm described (Yes/No) 
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Comparator is medical or surgical therapy: Description of the following:           Medication type 

and dosage were provided (Yes/No)                                                                   Surgical therapy 

technique was described (Yes/No ) 

Any reporting of device modification during study period (Yes/No) 

Details of training/certification of operator were reported (Yes/No) 

Learning curve of operator was discussed (Yes/No) Criteria: either the word “learning curve” 

was used or exclusion of data collected in the early phase of the study to account for issues 

related to learning curve 

Level of expertise of team were considered (Yes/No) Criteria: Any explicit discussions or 

analyses related to “experienced team or experienced center” 

Practitioner variability discussed (Yes/No) Criteria: Any discussion related to use of a device or 

adjunct technique was at the discretion of the operator. 

"Volume at sites" effect was discussed (Yes/No) Criteria: Any discussion related to how the 

results differ due to volume of patients. This could be results or discussions comparing different 

centers within a study, if it was multi-center or it could comparing to another study that reported 

better or worse results 
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Appendix Table F6. Primary studies description 

Variables in primary studies Categories N studies (%) 

Population   

Description of disease for which an implant 
was used 

Yes 106 (96) 

 No 5 (5) 

Description of severity of disease for which 
an implant was used 

Yes 94 (85) 

 No 17 (15) 

Description of demographics or baseline 
characteristics 

Yes 105 (95) 

 No 6 (5) 

Description of eligibility criteria Yes 102 (92) 
 No 9 (8) 

Number of devices used Single 97 (87) 
 Multiple 14 (13) 

Outcome   

Definition of outcome (at least primary 
outcome) 

Yes 105 (95) 

 No 6 (5) 

Description of outcome assessment 
method 

Yes 108 (97) 

 No 3 (3) 

Types of outcomes evaluated Clinical only 38 (34) 
 Surrogate only 8 (7) 
 Both 65 (59) 

Other study characteristics   

Types of study design RCT 51 (46) 
 Nonrandomized / observational 60 (54) 

Funding source declared Yes 59 (53) 
 No 52 (47) 

N centers where the study was conducted Single 68 (61) 
 Multiple 39 (35) 
 Unclear 4 (4) 
Types of Comparator   

Studies with a medical comparator Yes 9 (8) 

Studies with a surgical comparator Yes 22 (19) 

Studies with device comparator Yes 31 (28)  

Studies without comparator Yes 49 (44) 

Description of device comparator (n = 31)  N = 31 

Name of the model or manufacturer 
mentioned  

Yes 24 (77) 

 No 7 (23) 

Methods of implantation or surgical 
techniques mentioned 

Yes 24 (77) 

 No 7 (23) 

Generation of device, when applicable, or 
modifications to algorithm described  

Yes 5 (16) 

 No 25 (84) 
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