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Background: Therapeutic medical devices play an important role in the treatment of cardiovascular dis- 

eases. The reliability of the randomized controlled trial, which is the best design for assessing treatment 

effects, lar gely depends on the information found in published reports. Limited information regarding the 

quality of reporting about therapeutic medical devices in trials was provided. 

Method: A cross-sectional study was conducted to assess the reporting quality of randomized controlled 

trials that tested the effects of therapeutic cardiovascular medical devices. The quality of reporting was 

assessed against a modified Consolidated Standards of Reporting Trials checklist, including 47 items from 

the Consolidated Standards of Reporting Trials statement and Consolidated Standards of Reporting Trials 

extension. We also examined the specific items regarding medical devices. Univariable and multivariable 

linear regressions were undertaken to explore potential factors associated with Consolidated Standards of 

Reporting Trials scores. 

Result: Some 115 randomized controlled trials were identified. The mean (standard deviation) Consoli- 

dated Standards of Reporting Trials score was 20.5 (5.0). The extent of compliance with the Consolidated 

Standards of Reporting Trials reporting guideline differed substantially across items: 5 of the 47 items 

were reported adequately across trials (more than 90%), and 10 were reported adequately in less than 5% 

of trials. Less than 50% of the trials reported additional items related to the medical device. Multivariable 

regression analysis showed that trials published in general journals (coefficient 7.44, 95% confidence in- 

terval [CI]: 5.50–9.38), with larger sample sizes (coefficient 2.30, 95% CI: 0.76–3.83), and multiple-center 

studies (coefficient 3.14, 95% CI: 1.27–5.01) were associated with a higher quality of reporting. 

Conclusion: The overall reporting quality in randomized controlled trials of therapeutic medical device 

trials is suboptimal, particularly in terms of items regarding surgeons and hospitals. We suggest that 

the existing Consolidated Standards of Reporting Trials and extension should be modified to be more 

applicable to therapeutic medical devices. 

© 2018 Elsevier Inc. All rights reserved. 
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Worldwide, about 234.2 million major surgical procedures were

erformed in 2004, 1 and 312.9 million procedures were performed

n 2012. 2 Nearly 30% of clinical studies of surgeries aimed to assess
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herapeutic medical devices (TMDs), 3 among which orthopedic and

ardiovascular devices were the most investigated. 4,5 

TMDs, which are high-risk devices, play an important role in

he treatment of cardiovascular diseases. A systematic review con-

ucted in 2009 examined the strength of evidence from the US

ood and Drug Administration (FDA) of premarket approval of

ardiovascular devices and found that most premarket FDA ap-

roval of cardiovascular devices was based on studies of inade-

uate strength (eg, 27% of studies were randomized, 14% were

linded, and 65% were based on a single study). 6 

Randomized controlled trials (RCTs) are recognized as the best

esign for evaluating treatment effects. Moreover, the assessment

f RCT reliability is largely dependent on the information reported
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in publications. The Consolidated Standards of Reporting Trials

(CONSORT), a guideline to improve the reporting of RCTs, was de-

veloped in 1996 7 and updated in 2001 and 2010. 8,9 To address is-

sues specific to nonpharmacologic treatments, a CONSORT exten-

sion was issued for nonpharmacologic treatments in 2008, 10 and

an updated version for nonpharmacologic trial abstracts was pub-

lished in 2017. 11 

Several studies have explored the reporting of RCTs of thera-

peutic medical devices, 3 , 12–14 and a limited number of studies ex-

amined some specific issues of reporting (eg, selective reporting

or limited reporting of adverse events). 15,16 Moreover, none has

systematically investigated the extent to which RCTs with medi-

cal devices adhere to reporting guidelines (eg, CONSORT). In ad-

dition, the existing guidelines were not specifically developed for

TMDs, 17 and important issues are not recommended to be reported

by those guidelines (eg, device information, learning curves, surgi-

cal setting, and quality of surgery). 18 

Therefore, we conducted a cross-sectional survey to explore the

quality of reporting (compliance with the CONSORT statement) in

RCTs of cardiovascular TMDs published in 2015, focusing on items

relevant to TMDs, and explored factors associated with better re-

porting. 

Methods 

Eligibility criteria 

Parallel RCTs published in English were eligible for inclusion if

they specifically investigated effects of therapeutic cardiovascular

medical devices (eg, stent, balloon, valve, and pacemaker). No re-

strictions were applied to type of study (superiority, noninferiority,

equivalence) or sample size. We required the effects of the ther-

apeutic cardiovascular medical devices to be tested in a manner

that did not confuse the effect of the devices with the design. We

excluded reports published as a study protocol or a conference ab-

stract. 

Data sources and study procedures 

We searched for potentially eligible reports published in the 5

leading general journals and 124 cardiovascular journals between

January 1, 2015, and December 31, 2015. The top 5 general jour-

nals were selected based on the 2015 impact factor from the In-

stitute for Scientific Information Web of Knowledge Journal Cita-

tion Reports: The New England Journal of Medicine, The Lancet , the

Journal of the American Medical Association ( JAMA ), Annals of Inter-

nal Medicine , and the British Medical Journal ( BMJ ).The 124 cardio-

vascular journals were contained in a category defined by Web of

Science as “Cardiac & Cardiovascular Systems.”19 We applied the

Cochrane Highly Sensitive Search Strategy for identifying RCTs in-

cluded in MEDLINE. 20 The search strategy is available in Supple-

mentary Appendix 1. 

Two groups of well-trained reviewers independently followed

standardized, piloted forms that included detailed instructions to

screen titles, abstracts, and full texts for eligibility and extracted

data from eligible studies. Discrepancies were resolved by a third

party. 

Data collection and measurement of reporting 

We collected the following general information from the trial

publications: journal name, number of authors, authors’ affiliation

and country, whether an international study, number of centers,

sample size, type of device, type of comparison (ie, device, medical

therapy, surgical procedures, or others), funding sources (industry,

not-for-profit institute, not funded, or not reported), and whether
he main effect of the primary outcome was statistically significant

 P < .05) was noted. The primary outcome was chosen according

o published criteria 21 (Supplementary Appendix 2). 

We assessed the quality of reporting by using a modified CON-

ORT checklist. The checklist included items from the standard

ONSORT statement (CONSORT 2010), the CONSORT Extension for

rials Assessing Non-Pharmacological Treatments (2008), and the

ONSORT Extension for Non-Pharmacologic Trial Abstracts (2017).

or the modified checklist, we included all 37 items from the CON-

ORT 2010 Statement checklist and 10 items from the CONSORT

xtensions. The 10 additional items were eligibility criteria for cen-

ers and care providers, standardization of intervention, adherence

o protocol, sequence generation of care providers, blinding of ad-

inistering cointerventions, number of care providers or centers

llocated to each trial group, details of the experimental treatment,

aseline data of care providers if blinding was not possible, de-

cription of any attempts to limit bias, and delay between random-

zation and intervention (Supplementary Appendix 3). A total of

7 items were collected for the modified CONSORT checklist. Each

tem scored 1 point if it met the proposal and 0 if it did not. We

efined adequate reporting as more than 75% of trials meeting the

riteria. 

To explore issues specific to TMDs , we additionally verified the

eporting against six device-specific items, including device infor-

ation, learning curves, preoperative and postoperative care, anes-

hetic management, and surgeons experience according to IDEAL-

 

18 (Supplementary Appendix 4). 

tatistical analysis 

We calculated proportions for categorical variables and mean

and standard deviation [SD]) or median (interquartile range [IQR])

or continuous variables. We used χ2 or Fisher exact tests to an-

lyze categorical variables. The Wilcoxon rank sum test was used

or analysis of continuous data with a non-normal distribution, and

he t test was used for those data with a normal distribution. 

We prespecified 6 factors to explore their association with qual-

ty of reporting, measured as total scores of the modified CONSORT

uidelines (47 items). These factors were as follows: type of journal

general medicine journals versus specialty journals), sample size

 ≥ 240 versus < 240, 240 as median sample size), authors with

tatistics or epidemiology affiliations (clearly yes versus no), multi-

enter study (yes versus no), funding (not-for-profit versus indus-

ry versus none/unclear), and significance of primary outcome (yes

ersus no). We conducted both univariable and multivariable linear

egression analyses. 

The distribution of CONSORT scores was verified to ensure nor-

ality by the skewness and kurtosis tests. All the data were ana-

yzed using SPSS v 23 (IBM Corp, Armonk, NY, USA). 

esults 

This study included 115 articles selected from 9,500 articles

ublished between January 1, 2015, and December 31, 2015, by the

earch ( Fig. 1 and Supplementary Appendix 5). Of those 115 tri-

ls, 19 were published in general journals and 96 in specialty jour-

als; the median sample size was 240 (IQR: 10 0–50 0), 39 (33.9%)

ere international studies, 82 (71.3%) were multicenter studies, 32

27.8%) included investigators with affiliations in epidemiology or

tatistics departments, and 59 (51.3%) were funded by industry

 Table 1 ). 

The mean (standard deviation) scores of the standard CONSORT

nd the modified CONSORT were 20.5 (5.0) and 21.8 (5.5), respec-

ively. The extent to which the trials met the CONSORT report-

ng guidelines differed substantially across items ( Table 2 ). Among

he 47 items, only 5 were reported rather adequately ( > 90% of
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Fig. 1. Flow of study screening. 

Table 1 

Characteristics of included trials. 

Total 

n = 115 

Number of authors ∗ 14 (10–19) 

Sample size ∗ 240 (10 0–50 0) 

Sample size 

< 240 57 (49.6) 

≥240 58 (50.4) 

Journal 

General 19 (16.5) 

Specialty 96 (83.5) 

Author with epidemiology or statistics affiliation 32 (27.8) 

International study 39 (33.9) 

Multicenter study 82 (71.3) 

Country 

United States 24 (20.9) 

Netherlands 9 (7.8) 

United Kingdom 8 (7.0) 

South Korea 6 (5.2) 

Others † 68 (59.1) 

Device 

Stent 47 (40.9) 

Balloon 13 (11.3) 

Valve 12 (10.4) 

Others ‡ 43 (37.4) 

Type of comparison 

Device 74 (64.3) 

Surgical procedures 32 (27.8) 

Medical therapy 9 (7.8) 

Funding resource 

Industry 59 (51.3) 

Not-for-profit institutes 22 (19.1) 

Industry and not-for-profit institutes 9 (7.8) 

Clearly stated: not funded 5 (4.3) 

Not reported 20 (17.4) 

NOTE: Values in parentheses are percentages unless indicated other- 

wise; n , number of studies. 
∗ Values are median. 
† Included Canada, Denmark, Switzerland, Spain, India, Israel, Ger- 

many, Poland, Japan, Italy, China, Turkey, Finland, Malaysia, The Czech 

Republic, Brazil, Croatia, Austria, Russia, and Belgium. 
‡ Included pacemaker, hemostasis device, oxygenator, catheter, per- 

cutaneous mitral valve repair device, thrombus or stent retrieve de- 

vices, baroreflex activation therapy system, endotracheal tube, biocom- 

patible bone adhesive, vein sheaths, left atrial appendage occlusion, 

centrifugal pump. 
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rial reported): the description of scientific background and ex-

lanation of rationale (99.1%), description of statistical methods

99.1%), presentation of baseline characteristics (97.4%), participant

ow (95.7%), and specification of hypothesis objectives (94.8%). 

The reporting was poor for 10 items ( < 5% of trial was re-

orted): information about sequence generation of care providers

0), level of adherence of care providers to the protocol (0.9%), par-

icipant flow statement (0.9%), important changes to methods after

rial commencement with justifiable reasons (1.7%), delay between

andomization and initiation of intervention (1.7%), any changes to

rial outcomes after trial commencement with reasons (2.6%), sim-

larity of interventions (2.6%), blinding of those administering coin-

erventions (3.5%), why the trial ended or was stopped (3.5%), and

aseline data about care providers and centers (volume) in each

roup (3.5%). 

Of 106 trials comparing alternative devices or procedures, 45

42.5%) reported information about the devices. A total of 76

71.7%) and 80 (75.5%), respectively, referred to postoperative care

nd preoperative care, and 19 (17.9%) presented details regarding

nesthetic management. However, no trials reported information

bout learning curve evaluation ( Table 2 ). 

The P value of skewness and kurtosis tests of the modified CON-

ORT scores (47) was .200 and .198, respectively, confirming the

ormality of the modified CONSORT score. Univariable linear re-

ression analyses showed that general journal publication (coeffi-

ient 9.28, 95% confidence interval [CI]: 7.16–11.40), larger sample

ize (coefficient 4.93, 95% CI: 3.11–6.74), authors with statistics or

pidemiology affiliations (coefficient 2.70, 95% CI: 0.49–4.91), mul-

icenter studies (coefficient 6.48, 95% CI: 4.59–8.38), and industry

unding (as opposed to none or unclear) were statistically asso-

iated with better reporting. Multivariable analyses showed bet-

er reporting with general medicine journal publication (coefficient

.44, 95% CI: 5.50–9.38), larger sample size (240 or more) (coeffi-

ient 2.30, 95% CI: 0.76–3.83), and multicenter studies (coefficient

.14, 95% CI: 1.27–5.01) ( Table 3 ). 

iscussion 

A substantial proportion of trials suffered from limitations in

uality of reporting in our survey. A total of 12 items (25.5%)

ere reported adequately (eg, title, abstract, statistic methods, etc),
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Table 2 

Adherence of trial reporting. 

Total 

( n = 115) 

Modified CONSORT items 

1 Title 69 (60.0) 

2 Structured abstract 90 (78.3) 

3 Scientific background 114 (99.1) 

4 Specific objectives 109 (94.8) 

5 Trial design 25 (21.7) 

6 Important changes 2 (1.7) 

7 Eligibility criteria for participants 101 (87.8) 

8 Settings and locations 28 (24.3) 

9 Centers and care providers ∗ 10 (8.7) 

10 Interventions 101 (87.8) 

11 Standardization of intervention ∗ 38 (33.0) 

12 Adherence to protocol ∗ 1 (0.9) 

13 Prespecified primary and secondary outcome 100 (87.0) 

14 Any changes to trial outcomes 3 (2.6) 

15 Sample size 84 (73.0) 

16 Interim analyses 12 (10.4) 

17 Generation of the random allocation sequence 60 (52.2) 

18 Type of randomization 57 (49.6) 

19 Sequence generation of care providers ∗ 0 (0) 

20 Allocation concealment 51 (44.3) 

21 Method of implementation of allocation 22 (19.1) 

22 Blinding 72 (62.6) 

23 Description of the similarity of interventions 3 (2.6) 

24 Blinding of administering cointerventions ∗ 4 (3.5) 

25 Any attempts to limit bias † 22 (19.1) 

26 Statistical methods 114 (99.1) 

27 Subgroup analyses 28 (24.3) 

28 Participant flow: numbers of participants 110 (95.7) 

29 Losses and exclusions after randomization 75 (65.2) 

30 Number of care providers or centers ∗ 1 (0.9) 

31 New details of the experimental treatment ∗ 69 (60.0) 

32 Delay between randomization and intervention † 2(1.7) 

33 Dates defining the periods of recruitment and follow-up 54 (47.0) 

34 Why the trial ended or was stopped 4 (3.5) 

35 A table showing baseline demographic 112 (97.4) 

36 A description of care providers ∗ 4 (3.5) 

37 Numbers analyzed 80 (69.6) 

38 Outcomes and estimation 64 (55.7) 

39 Presentation of absolute and relative effect sizes 8 (7.0) 

40 Ancillary analyses 41 (35.7) 

41 All important harms or unintended effects 75 (65.2) 

42 Trial limitations 91 (79.1) 

43 Generalizability 57 (49.6) 

44 Interpretation 68 (59.1) 

45 Registration 90 (78.3) 

46 Protocol 90 (78.3) 

47 Funding 96 (83.5) 

Additional items ‡ 

48 Device information 45 (42.5) 

49 Learning curve 0 (0) 

50 Preoperative care 76 (71.7) 

51 Postoperative care 80 (75.5) 

52 Anesthetic management 19 (17.9) 

53 Operator experience 26 (24.5) 

Summarized scores §

Standard CONSORT scores (37) 20.5 (5.0) 

CONSORT scores (1–47) 21.8 (5.5) 

NOTE: Values in parentheses are percentages unless indicated otherwise. 
∗ Items extracted from the CONSORT extension for nonpharmacologic treat- 

ment. 
† Items extracted from the CONCORT extension for nonpharmacologic trials 

abstract. 
‡ n = 106. 
§ Mean and SD (standard deviation). 
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which were similar to medical and surgical research. 3 , 12–14 Items

related to methodologic domains, such as randomization, alloca-

tion, and blinding, were reported in less than half of the included

trials. The main aspect of underreporting lay in the items related

to care providers according to the CONSORT extension, such as the

description of eligibility criteria for centers and those performing
he intervention, adherence of the care provider to the protocol,

equence generation of care providers, and the description of care

roviders (eg, case volume, qualifications, expertise, etc) in each

roup. 

We identified that authors’ expertise with epidemiology or

tatistics was associated with higher-quality trials, which proba-

ly related to the strict quality control of the trials. This finding

as consistent with earlier studies. 3 The regression also reported

hat trials published in general journals related to higher report-

ng quality. These findings probably reflect increasing awareness of

ublication in general journals compared with specific journals. 21 

ulticenter studies and large numbers of participants were associ-

ted with a statistically higher quality of reporting. 

RCTs are the gold-standard method of comparing efficacy in the

ostmarketing reevaluation, 22,23 especially for those first-in-field

nd successor, high-risk therapeutic devices. Clear, transparent, and

omprehensive reporting makes an important effort to improve the

uality of evidence and applicability of findings. Moreover, the con-

extual factors—characteristics of the surgeons, patients, and in-

titutional setting—make evaluation and reporting of TMDs more

omplex than pharmaceuticals, even more so than trials compar-

ng alternative surgical procedures. 18,24 , 25 Inadequate reporting of

hese factors could substantially weaken the quality and limit the

pplicability of the findings. 

The CONSORT statement and its extensions improved the re-

orting quality of some RCTs, especially for those on pharmaceu-

icals. However, a limited length of article in number of words

nd absent special items related to surgical treatments and med-

cal devices also compromised the reporting quality, such as the

dherence of care providers to the protocol, important changes to

ethods after trial commencement, the baseline data of the care

rovider and center, the standardization of intervention, the in-

roduction of medical devices that specifies the nature (eg, first

n field or successor), and the details of learning curve (eg, life-

ime experience, the surgeons’ annual volume, and the hospital’s

olume). We recommend that journals modify the word count re-

uirements, specifically for surgical/device RCTs, or provide online

ources to allow authors to provide these important omitted com-

onents. 

Although the quality of reporting in RCTs of TMDs is unsat-

sfactory, controversy about this design in surgical trials remains

eg, difficulty in recruiting participants, randomization, formidably

ime consuming and costly). We continue to recommend RCTs as

he preferred design to confirm treatment effect in ideal environ-

ents. Meanwhile, modified RCTs or alternative designs should be

uggested in studies in which most of the potential confounders

re known, such as those based on expertise and pragmatic RCTs,

arallel, nonrandomized studies, interrupted–time series studies,

r stepped-wedge designs. 26–28 The Idea, Development, Evaluation,

ssessment, and Long-term follow-up (IDEAL) framework and rec-

mmendations provide an evaluation pathway for surgical inno-

ation or devices (IDEAL-D). This framework provided an optimal

tudy design for devices in varied steps. 18 

In our study, we used rigorous methods to identify eligible

tudies systematically and collect information thoroughly from trial

eports. We used well-established CONSORT guidelines for assess-

ng reporting and explored issues specific to devices and surgery.

e also examined the factors associated with the quality of report-

ng and focused on how to improve the reporting quality of TMD

tudies. 

Our study also has several limitations. First, we included only

rial reports published in the year 2015, which limited the appli-

ation to those published earlier. Second, the information obtained

bout statistical and epidemiologic participation was based on de-

ails presented in the authors’ introduction and acknowledgments

ections; therefore, the true extent of these types of input may
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Table 3 

Univariable and multivariable linear regression analyses of factors associated with the quality of reporting (measured with the modified CON- 

SORT checklist). 

Univariable analysis Multivariable analysis 

Coefficient P Coefficient P 

Type of journal (general versus specialty) 9.28 (7.16 to 11.40) < .001 7.44 (5.50 to 9.38) < .001 

Sample size ( ≥ 240 versus < 240) 4.93 (3.11 to 6.74) < .001 2.30 (0.76 to 3.83) .004 

Authors with statistics or epidemiology affiliations (yes versus no) 2.70 (0.49 to 4.91) .017 0.18 (–1.44 to 1.81) .825 

Multicenter study (yes versus no) 6.48 (4.59 to 8.38) < .001 3.14 (1.27 to 5.01) .001 

Funding 

Not-for-profit versus industry –1.98 (–4.47 to 0.50) .116 –1.28 (–3.13 to 0.56) .171 

None/unclear versus industry –4.67 (–7.05 to –2.30) < .001 –1.02 (–3.02 to 0.98) .316 

Significance of primary outcome (yes versus no) 1.65 (–0.42 to 3.71) .117 0.13 (–1.29 to 1.55) .855 

NOTE: Values in parentheses are 95% confidence intervals. 
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e underestimated. Third, we gave each item equal weight, which

ay underestimate the influence of true effect from some impor-

ant items. 

Although surgical journals may insist on the generalization of

 CONSORT checklist, the overall quality of reporting of therapeu-

ic cardiovascular medical device trials is suboptimal, according to

he existing reporting guidelines. Further guidelines or checklists

or reporting should be developed, including more important in-

ormation about device-related items, especially about device in-

ormation and surgeons. 

upplementary materials 

Supplementary material associated with this article can be

ound, in the online version, at doi: 10.1016/j.surg.2018.09.010 . 
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