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Executive Summary  
This report presents the results of the CORE-MD project task 3.1 focused on aggregating insights from 

registries and other real-world data within the CORE-MD project. The main aim of this task was to provide 

insights how registry data can be leveraged to supplement evidence from RCTs on performance and safety 

of high-risk medical devices in the post-marketing phase, using cardiovascular and orthopaedic registries 

as an example. To achieve this aim we developed a decision framework capturing both characteristics to 

judge the quality of registry data, endpoints used to determine performance and safety, and propose 

methodology and criteria to assess performance of these medical devices.  

First, we reviewed 20 cardiovascular (coronary stents and valve repair/replacement) and 26 orthopaedic 

(hip/knee prostheses) European registries on the extent to which 33 structural and methodological 

variables were reported that influence the quality of registry data, as well as the definitions used and 

endpoints included to assess performance of these devices. We found large heterogeneity and incomplete 

transparency in quality items related to their structure and methodology as well as differences in the 

endpoints used and definitions. These results imply that it is currently difficult for registries to agree upon 

common principles to be used by regulators to judge the quality of these registry data. Furthermore, this 

heterogeneity hampers current collection and reporting on comparable information across Europe. 

Current initiatives within the orthopaedic registries aim to harmonize this. 

We considered whether existing benchmark systems using registry data such as the Orthopaedic Data 

Evaluation Panel (ODEP) could be used to provide evidence on the performance and safety of medical 

devices. To that end, we conducted an external validation of ODEP-ratings across 9 registries as a current 

ODEP-rating can be based on endpoint data (i.e. revision surgery) of a single registry or other data sources 

(i.e. data from industry or article). Our findings indicate variable performance of the same hip implant 

across registries, with only a minority of the highest ODEP-rated hip cups and stems receiving this highest 

rating based on the pooled evidence across registries. This indicates that performance assessed in one 

country to comply with an absolute benchmark or standard such as ODEP would not necessarily translate 

to other countries. Moreover, data from multiple registries would provide stronger evidence for quality 

of an implant. 

Combining registry data with other real-world data sources to signal safety problems might provide 

additional insights and we therefore assessed the extent to which safety notices would signal the same 

implants as procedures within registries to identify implants with outlier performance. Taking knee 

implants as the example, we showed that there was overlap but also that publicly available safety notices 

issued by manufacturers and published by competent national authorities did not signal about a quarter 

of the outlier total knee implants identified by registries (based on having significantly higher revision 

rates). On the other hand, safety notices also pointed to 12 implants not (yet) identified by registries. This 

highlights the potential of adopting a multifaceted approach, integrating various real-world data sources 

and methods to combine information to enhance medical device safety signal detection which would be 

beneficial for manufacturers, clinicians as well as competent authorities and ultimately to patients. 
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Based on the results from the systematic review and the knowledge obtained from the previous parts, we 

conducted a Delphi study to achieve consensus on a minimum dataset needed to assess the quality and 

analysis of registry data for the regulation of medical device performance during post-market surveillance. 

Across 50 experts from different stakeholder groups we reached consensus on the minimal dataset for 

registries to report on 15 items on quality of registry data and 8 items on quality of analysis to allow 

regulators to better judge the utility of registry data during post-market surveillance of medical devices. 

Completeness of procedures, reporting missing data, definition of the outcome analysed and a minimum 

number of patients at risk to analyse performance were considered most important. The assigned 

importance to items may guide regulators when assessing registry data as registries will often have better 

scores on some items and worse scores on others.  

Finally, the results were used to construct a decision framework to assess the performance of medical 

devices. Drawing on previously published regulatory guidance on real-world evidence, we used relevance 

and reliability as the guiding principles, and arrived at data suitability, data governance, data quality and 

data analysis as the key factors to be assessed. Items from the minimal dataset were mapped to these key 

factors and combined with the ranking obtained in the Delphi study, might guide regulators on which 

items they should place most weight when using registry data to assess performance of medical devices. 

This framework is expected to have high added value for all stakeholders: for manufacturers to perform 

the required clinical evaluation and for notified bodies to do their assessment, for competent authorities 

to perform their market surveillance tasks and for clinicians and patients to establish their own insights 

on a device. 
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1 Introduction 

1.1 Background 

The life cycle of implants starts with the pre-market phase and ends with post-market surveillance. 

Evidence generated during post-market surveillance can be used to improve new implant development. 

During pre-market evaluation of new medical devices, Randomized Controlled Trials (RCTs) are the gold 

standard, but these may pose methodological challenges and difficulties, mainly related to randomization, 

timing of assessment, acceptability and participation of patients, blinding, choice of the comparator group 

as well as considerations on the learning curve and difficulties in determining all relevant outcomes given 

the limited follow-up during these trials [1]. Therefore, to obtain insight in the post-marketing phase into 

the performance and safety of medical devices (i.e. long-term outcome), RCTs should be supplemented 

with evidence from registry data and potentially other real-world data sources.  

The International Medical Device Regulators Forum (IMDRF) defines a medical device registry as “an 

organized system with a primary aim to increase the knowledge on medical devices contributing to 

improve the quality of patient care that continuously collects relevant data, evaluates meaningful 

outcomes and comprehensively covers the population defined by exposure to particular device(s) at a 

reasonably generalizable scale (e.g. international, national, regional, and health system)”[2]. A medical 

device registry is thus an unselected population-based health information system collecting large 

numbers of real-world data regarding safety and performance of specific devices over time, across longer 

follow-up than in RCTs, which makes them well suited to provide clinical evidence on post-market clinical 

follow-up of devices as required for the EU Medical Device Regulation (MDR).  

Key considerations in regulatory guidance on real-world evidence by the European Medicines Agency 

(EMA) and the US Food and Drug Administration (FDA) are data quality, validity and transparency.  

 

Figure 1. Factors to assess real-world data for regulatory purposes 
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Factors such as necessary data elements being available and coverage of the population determine the 

relevance, and factors such as data quality procedures and common definitions influence the reliability of 

real world data (Figure 1), which should be taken into account by regulators in order to use these data as 

part of the post-market clinical follow-up of medical devices.   

Registries differ in design and organization (e.g. manufacturers or an independent organization) [3] as well 

as in the methods used for data collection and the type of endpoints defined and collected. All these 

variables influence the quality of the data collected and thereby their use and value for relevant 

stakeholders like clinicians, patients and manufacturers but also national and EU regulators. It is unknown 

if existing medical device registries in Europe would allow manufacturers to meet the MDR requirements 

to an acceptable standard. 

Less frequent severe or long-term adverse effects will typically not have been detected during the follow-

up in clinical trials. Even individual registries may not have sufficient sample size for some less frequently 

used medical devices, requiring coordination and collaboration of registries across countries to detect low 

frequency adverse effects early. Legal and privacy concerns will often prevent data to be pooled. 

Distributed network analysis may be a feasible method to allow for local data access and privacy 

regulations to remain in place, while still being able to take advantage of the increase in power by 

combining data [4], such as the European Health Data and Evidence Network (EHDEN) [5].  

To comply with the MDR, a device should meet the general safety and performance requirements (GSPR). 

Demonstration of conformity with the GSPR includes a clinical evaluation which includes that evidence-

based parameters are used to determine the acceptability of the benefit-risk ratio for the various 

indications and for the intended purpose or purposes of the device. To do this in a proper and systematic 

way, guidance is needed on the minimum information needed to judge the quality of the analysis 

assessing the performance and benefit-risk ratio of the medical device such as the minimum number of 

patients and follow-up needed, and how to create groups of similar types of devices to ensure fair 

comparison (building on the work of the European Medical Device Nomenclature (EMDN) working group). 

1.2 Aims of the task 

This task aimed to provide insights in how registry data can be leveraged to supplement evidence from 

RCTs on performance and safety of high-risk medical devices in the post-marketing phase, using 

cardiovascular and orthopaedic registries as an example. To achieve this aim we developed a decision 

framework capturing both characteristics to judge the quality of registry data, endpoints used to 

determine performance and safety, and propose methodology and criteria to assess performance of these 

medical devices. This framework is expected to have high added value for all stakeholders: for 

manufacturers to perform the required clinical evaluation and for notified bodies to do their assessment, 
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for competent authorities to perform their market surveillance tasks and for clinicians and patients to 

establish their own insights based on clinical evidence and safety of a device. 

1.3  Deliverable structure 

The first step was to review European cardiovascular and orthopaedic medical device registries on the 

extent to which structural and methodological variables were reported that influence the quality of 

registry data, as well as the definitions used and endpoints included to assess performance of these 

devices (Chapter 2). Second, we considered whether existing benchmark systems using registry data could 

be used to provide evidence on the performance and safety of medical devices. The Orthopaedic Data 

Evaluation Panel (ODEP) is an example of such a system that provides ratings for total hip and total knee 

implants based on objective performance criteria. ODEP-ratings can be based on different data sources 

including registry data, and is increasingly used in various countries. But because different data sources 

can be used by manufacturers in their application for an ODEP-rating, these data may come from a single 

registry or from studies of these implants (article or data from manufacturers)  which are not 

representative of daily clinical practice. Therefore, before submission to ODEP, manufacturers have to 

declare that “the clinical data submitted is representative of all studies that have been conducted in 

relation to it”. However, external validation of ODEP-ratings across multiple registries with thousands of 

patients, has never been undertaken. The latter is  needed for such a benchmark to be used across 

multiple EU countries. Therefore, we assessed across nine registries whether higher ODEP-rated hip and 

knee implants would have better performance than lower ODEP-rated implants, and the extent to which 

the higher rated implants would also receive this higher rating based on pooled performance across 

registries (Chapter 3). Variable performance for the same device across registries would indicate that 

performance assessed in one country to comply with an absolute benchmark or standard such as ODEP 

would not necessarily translate to other countries, and that data from multiple registries would provide 

stronger evidence. 

We explored the feasibility of combining data across registries, to allow for timely detection particularly 

for less frequently occurring adverse outcomes. Besides measuring the same endpoints with the same 

definitions, we need to ensure that performance and safety are assessed in the same patient group. 

Therefore, as a first step to test the procedures needed for individual registries to submit data for a 

federated network analysis, we assessed the extent to which patient characteristics for the same medical 

device differed across registries, taking knee implants as an example (Chapter 4). This may point to 

different patient selections for which implants are used, and thereby relevant for fair comparison as these 

patient characteristics may influence the device performance. We also assessed whether specific knee 

implants are used across all registries, in at least two registries or in a single registry. If only used in a single 

registry, pooling data across registries will not have any added value, and therefore will not provide 

important information for regulators who need to judge the safety of such a device in the EU market.   
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We then explored the feasibility of combining different types of real-world data sources to signal safety 

problems. Incident reporting data could point to potential problems, but as reporting is often voluntary 

and therefore influenced by reporting behaviour, an increase in incidents reported or difference between 

devices cannot be taken as a difference in safety [6]. In addition, data on the denominator i.e. the number 

of times a medical device was implanted is generally not included, whilst this is needed for judgements 

on potential safety problems. We therefore considered safety notices, as these are typically prepared by 

the manufacturer as mandatory during post-market surveillance and shared with competent authorities, 

meet the definition of a serious incident and therefore requires legal action of the manufacturer. 

However, safety notices are issued for a wide variety of safety issues (e.g. from packaging and labelling to 

material integrity) which is not always associated with safety or performance of a particular medical 

device. Registries on the other hand, may have procedures in place to detect medical devices with an 

outlier performance i.e. performing significantly worse than other comparable devices, but there have to 

be sufficient numbers for meaningful analysis and it may take years to identify such outliers. Therefore, 

we aimed to gain insight into the extent of overlap between both data sources by assessing the extent to 

which safety notices and outliers identified by registries would signal the same or different devices as well 

as explore reasons for possible discrepancies, taking knee implants as an example (Chapter 5). 

Based on the results from the systematic review and the knowledge obtained from the previous parts, we 

conducted a Delphi study to achieve consensus on a minimum dataset needed to assess the quality and 

analysis of registry data for the regulation of medical device performance during post-market surveillance 

(Chapter 6). Registries reporting on the variables included this minimum dataset would allow regulators 

to better judge the utility of registry data in post-market surveillance of medical devices. The results are 

used to construct a final decision framework to assess the performance of medical devices (Chapter 7). 
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2 Systematic review on the quality and utility of EU 
cardiovascular and orthopaedic registries for regulatory 
evaluation of medical device safety and performance 

The methods used to conduct systematic review has been published in the International Journal of Health 

Policy and Management [7] which is included as Appendix 1. Below is a summary of the main findings. 

2.1 Reported items needed to judge the quality of registry data for 
regulatory purposes 

We identified 20 cardiovascular (coronary stents and valve repair/replacement) and 26 orthopaedic 

(hip/knee prostheses) registries of which annual reports, peer-reviewed publications and websites were 

reviewed to extract publicly available information for 33 items related to structure and methodology in 

six domains and also for reported outcomes. The items and domains are described in Table 1. 

Table 1. Description of the items in each domain that were extracted for each registry. Source: [7] 

 Description of item extracted for each registry 

Identification 

1 Class of device (cardiovascular registries – stents/cardiovascular registries – valves/cardiovascular registries – 

combined)/(orthopaedic arthroplasty registries – combined/orthopaedic arthroplasty registries – 

hips/orthopaedic arthroplasty registries – knees) 

2 Name of registry 

3 Initial motivation/goal to set up the registry 

4 Country (country or countries in which the registry is conducted) 

5 Design (regional/national/multi-country) 

6 Website (available yes/no) 

Maturity 

7 Starting year (year of first patient/procedure included) 

8 First annual report (year of publication) 

9 Most recent (or last, if registry no longer active) annual report (year of publication) 

Governance 

10 Mandatory (if mandatory for surgeons/hospitals to submit to the registry; yes/no) 

11 Patients’ consent (patients’ consent required before entering their data to the registry; required/not-required) 

12 Funding (public/private/both) 
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13 Who can access the data and see results? 

14 Privacy regulation for patients’ identifiable information (privacy regulation reported as implemented: yes/no? 

And if yes: how?) 

Coverage, design & organisation 

15 Number of participating hospitals and % of hospital-level coverage (defined as number of participating 

hospitals relative to the total number of eligible hospitals) 

16 Number of patients/procedures (cumulative total in registry) 

17 Number of selected patients/procedures in study population (if cumulative total in registry is not reported) 

18 Annual number of patients/procedures in registry 

19 Data capture and collection method (e.g., electronic/manual/barcodes-industry/surgeon-reported) 

20 Method of access to registry for users/members (e.g., dashboard/real-time/secure server) 

21 Level of information provided (data is reported at hospital/medical device/surgeon level) 

22 Data linkage with other sources (e.g., registry data is linked to hospital statistics/manufacturer vigilance 

data/national competent authority on medical devices) 

Data quality & completeness 

23 Quality assurance system defined/quality check of data (e.g., data verification) 

24 Missing data for patients’ characteristics reported (%) (e.g., BMI, ASA classification, gender) 

25 Methods for handling missing data described 

26 Data completeness reported at patient/procedure-level (%) 

Safety & performance 

27 Frequency of feedback provided to surgeons/hospitals (e.g., annually/quarterly) 

28 Level of feedback information provided (e.g., hospital/medical device/surgeon level) 

29 Feedback time period (the duration of observation before assessment of performance is possible) 

30 Outlier reports procedures (the type of outlier reports or procedures a registry has established and published 

methods to define outlier performance) 

31 Accessibility of outlier results (e.g., publicly available or only accessible for individual 

hospitals/surgeons/members) 

32 Definition of an outlier (e.g., using funnel plots) 

33 Number of outliers identified (has this registry identified and published details of any specific 

hospitals/medical devices/surgeons with outlier performance?) 
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Across all domains, a median of 33% (IQR 14-71%) of the predefined 33 quality items were reported by 

cardiovascular registries and 60% (IQR 28-100%) by orthopaedic registries. The highest median value was 

reached for the domain ‘Identification’ since almost all registries reported information on e.g. the type of 

registry: 75% (IQR 69-100%) for cardiovascular and 100% (IQR 100-100%) for orthopaedic registries (Figure 

2). The lowest percentages were observed for the domains ‘Data quality & completeness’ and ‘Safety & 

performance’; for cardiovascular registries these were respectively 25% (IQR 0-25%) and 0% (IQR 0-4%) 

and for orthopaedic registries they were 38% (IQR 0-69%) and 50% (IQR 0-71%) (Figure 2). 

 

Figure 2. Reported items by cardiovascular (A) and orthopaedic (B) registries in each domain indicating the variation in 
reporting across registries. Source: [7]  

For the domain data quality & completeness, none of the cardiovascular registries reported 

patient/procedure-level data completeness. Techniques to handle missing data were described in only 

one cardiovascular registry (5%), which applied a data completeness threshold (i.e. a certain variable will 

only be analyzed if its completeness is ≥95%). Most (55%) cardiovascular registries reported on 

procedures to check the quality of their data, such as checking on the range and consistency of entries, 

and verification by audits or an external electronic tool. Patient/procedure-level completeness was 

reported by 16 (62%) orthopaedic registries, which varied from 19% for hip prostheses in the Irish National 

Orthopaedic Register to 98-99% for knee prostheses in the Danish Knee Arthroplasty Register. Both 

registries used data linkage with national patient databases to determine patient/procedure-level 

completeness. Techniques to handle missing data were clearly described by only one orthopaedic registry 

(4%), which sent requests for missing data to each orthopaedic department once every three months. 

Almost half (46%) of the orthopaedic registries reported that they implemented techniques for quality 

assurance of the data, which in the majority consisted of comparing registry data with national patient 

databases or implant databases. 
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For the domain safety & performance, public reporting on how feedback on e.g. devices, hospitals, and 

surgeons is provided was reported by three (15%) cardiovascular registries. Managerial procedures to 

detect individual hospitals or specific devices using an outlier performance analysis based on benchmark 

thresholds was reported by one (5%) cardiovascular registry, the British Cardiovascular Intervention 

Society (BCIS) registry. The outlier was defined using funnel plots, with 2 and 3 standard deviations (SD). 

Outlier results regarding the timing of treatment (to assess any delay before treatment is delivered) 

compared between hospitals, as well as adverse outcomes per hospital, were publicly available. However, 

outlier reports on patients’ survival data per hospital were only disclosed confidentially to each hospital. 

No outlier reports for specific implants were reported by cardiovascular registries. Public reporting on the 

frequency of feedback provided was reported by 14 (54%) orthopaedic registries. Most registries report 

that they provide annual feedback, while two registries (the Irish National Orthopaedic Register and the 

Swiss national registry for hip and knee replacement) do so both annually and quarterly. The majority 

provided feedback both at the hospital level and for individual devices. Details of outlier procedures 

including statistical testing were reported by eight (31%) registries, of which three reported solely on 

outlier devices, two solely on outlier hospitals, two on both hospital and individual surgeon performances, 

one on outlier devices and hospitals, and one on outlier devices, hospitals, and surgeons. Outlier 

procedures were mostly publicly available. No registries shared the same definition of an outlier (e.g. 

above the 95% control limit in the funnel plot versus revision rates of more than twice compared to the 

relevant group). Overall, in all annual reports, a total of 95 total hip arthroplasty (THA) component 

combinations, three THA cups, two THA stems, and 24 total knee arthroplasty (TKA) implants were 

identified by these five registries as outlier implants. Overall, registries all identified different outlier 

implants, with only one outlier implant (a THA component combination) identified by more than one 

registry. 

2.2 Reported end points, definitions and duration of follow-up 

A wide variety of outcomes as well as variety in their definitions and durations of follow-up were reported 

by both cardiovascular and orthopaedic registries. The most frequently reported outcome in 

cardiovascular registries was mortality; reported by 18 (90%) registries. Mortality was reported using 70 

different time-points, from in-hospital mortality to mortality at 21 years, the majority of registries (80%) 

reported on 30-day mortality. Major cardiovascular events (MACE) were reported as combined end-points 

by eight (40%) registries, but with 17 different combinations of complications included in this endpoint 

and seven different time intervals with most (50%) registries reporting on 1-year MACE. Reporting on 

other single outcomes also showed large variability, ranging from three to 40 outcome variables per 

registry. 

In orthopaedic registries, revision surgery (for any cause) was the most frequently reported outcome, 

reported by 20 (77%) registries. It was mostly reported as the revision rate or cumulative revision risk but 

at 30 different time-points up to 25 years, with the most common end-point being the 1-year revision rate 

which was reported by 10 registries (38%). Specific reasons for revision were reported by 19 (73%) 
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registries, but these reasons for revision varied between registries (e.g. infection, loosening, component 

failure, etc.). Patient-reported outcome measurements (PROMs) were reported by five (19%) orthopaedic 

registries, with a total of eight different scores for knee surgery patients and 11 scores for hip surgery 

patients. All registries measuring PROMs reported pre-operative PROMs, but post-operative PROMs were 

measured at different time-points up to 10-years post-operatively. Other outcomes (e.g. renal failure, hip 

dislocation, deep venous thrombosis, etc.) were inconsistently reported by 13 (50%) registries, the 

majority (77%) reported on mortality. 

2.3 Conclusion and recommendations 

Medical device registries are potentially well suited for post-market surveillance as they may collect data 

from unselected patient populations and monitor safety and performance throughout the lifetime of 

specific devices. However, we found heterogeneity and incomplete transparency in quality items related 

to their structure and methodology, implying that it would be difficult currently for registries to agree 

upon common principles, to report the information needed by regulators to judge the quality of their 

data, and to collect and report comparable information across Europe. 

Effort is needed from registries to agree upon a minimum set of quality criteria that all registries should 

publicly report to provide information needed by regulators to judge the quality of registry data and use 

them for medical device safety surveillance. The International Society of Arthroplasty Registries (ISAR) has 

already taken the initiative to ask all of their member registries to report on the reported items found in 

the systematic review, to be published on their website, which is an important first step towards 

implementation. Developing comprehensive and trustworthy medical device registries will be 

tremendously valuable, not only for manufacturers to meet the requirements of the MDR for PMCF of 

their devices, but also for healthcare professionals and patients to support evidence-based choices of 

devices and contribute to their long-term safety and efficacy. 
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3 Validation of Orthopaedic Data Evaluation Panel ratings 
across registries 

The methods used to validate the Orthopaedic Data Evaluation Panel ratings are described in a paper 

currently under revision for the Journal of Bone & Joint Surgery (Am), which is included as Appendix 2. 

Below is a summary of the main findings. 

3.1 Orthopaedic Data Evaluation Panel (ODEP) ratings 

ODEP-ratings are available for: i) TH-components (cups/stems); ii) TK-implants (tibial-femoral 

combinations); iii) unicondylar knee implants; iv) shoulder components (glenoid/stems); v) reverse 

shoulder implants; vi) total elbow implants, and vii) spine implants (cervical discs). The ODEP benchmarks 

implants based on revision data from observational studies (e.g. single-centre studies, manufacturers in-

house data sources or registry data).  

The submitted data is supplied by manufacturers using standardised ODEP-submission forms. Not all 

implants on the market are submitted to ODEP as data submission is voluntary, but surgeons and hospitals 

in multiple countries are encouraged to use ODEP-rated implants. As different data sources can be used 

by manufacturers to obtain an ODEP-rating, these data may not be representative to daily-clinical 

practice. Therefore, before submission, manufacturers have to declare that “the clinical data submitted is 

representative of all studies that have been conducted in relation to it”. The data submitted to ODEP is 

evaluated by a voluntary independent panel of orthopaedic-experts. To prevent camouflage (i.e. the 

performance of a specific implant design variant concealed because different variants exist under the 

same implant name), the ODEP-panel reviews implants at the product-code-level 

The ODEP-rating includes a number (postoperative years of evidence) and a letter (strength of evidence). 

The latter denotes performance of implants based on an OPC at specific timepoints (3/5/7/10/13/15-

years), i.e. minimum number of centers and surgeons, size of the cohort, patients at risk, and the 

maximum revision rate. Implants can be rated as A* (highest), A (lower), B (where usage is limited but the 

implant is extremely important or for new implants introduced in a limited manner), starting from 3-years 

of evidence. After being assigned an ODEP-rating, manufacturers have to resubmit new evidence at every 

ODEP-milestone to prevent their implants from being lapsed. Implants not meeting the ODEP benchmark-

criteria (Table 2) do not receive a rating. 

Table 2. ODEP criteria for total hip and total knee implants 

Total hip A* criteria 3A* 5A* 7A* 10A* 13A* 15A* 

Minimum number of centres outside development centre(s) 3 3 3 3 3 3 

Minimum number of surgeons outside of development 

centre(s) 

3 3 3 3 3 3 
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Minimum total cohort 150 250 350 500 500 500 

Minimum at risk at benchmark time 150 225 300 400 400 400 

 Maximum revision rate† 3.0% 3.5% 4.0% 5.0% 6.5% 8.0% 

Total hip A criteria 3A 5A 7A 10A 13A 15A 

Minimum number of centres and surgeons 3 3 3 3 3 3 

Minimum total cohort 150 250 350 500 500 500 

Minimum at risk at benchmark time 72 66 60 51 42 40 

 Maximum revision rate† 5.0% 5.5% 6.0% 7.0% 8.5% 10.0% 

Total hip B criteria 3B 5B 7B 10B 13B 15B 

Minimum number of centres and surgeons 1 1 1 1 1 1 

Minimum total cohort 100 100 100 100 100 100 

Minimum at risk at benchmark time 40 40 40 40 40 40 

 Maximum value of 95% lower confidence limit for revision 

rate 

3.0% 3.5% 4.0% 5.0% 6.5% 8.0% 

Total knee A* criteria 3A* 5A* 7A* 10A* 13A* 15A* 

Minimum number of centres outside development centre(s) 3 3 3 3 3 3 

Minimum number of surgeons outside of development 

centre(s) 

3 3 3 3 3 3 

Minimum total cohort 150 250 350 500 500 500 

Minimum at risk at benchmark time 150 225 300 400 400 400 

 Maximum revision rate† 3.5% 4.0% 4.5% 5.0% 6.0% 6.5% 

Total knee A criteria 3A 5A 7A 10A 13A 15A 

Minimum number of centres and surgeons 3 3 3 3 3 3 

Minimum total cohort 150 250 350 500 500 500 

Minimum at risk at benchmark time 66 60 55 51 51 45 

 Maximum revision rate† 5.5% 6.0% 6.5% 7.0% 8.0% 8.5% 

Total knee B criteria 3B 5B 7B 10B 13B 15B 

Minimum number of centres and surgeons 1 1 1 1 1 1 

Minimum total cohort 100 100 100 100 100 100 
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Minimum at risk at benchmark time 66 60 55 51 45 42 

 Maximum value of 95% lower confidence limit for revision 

rate 

3.5% 4.0% 4.5% 5.0% 6.0% 6.5% 

†The upper 95% confidence interval for KM revision rate (1-Survival) must be lower than the specified level. Pre-entry A*-criteria: product 

launched under Beyond Compliance. Pre-entry A-criteria: product details supplied to ODEP. 

We aimed to assess across multiple registries whether: 1) Higher (A*) ODEP-rated total hip and total knee 

implants have lower cumulative revision risks (i.e. better performance) than lower (A) ODEP-rated 

implants; and 2) the extent to which A*-rated implants would receive the A*-rating based on pooled 

revision risks across registries (i.e. using information about performance from all registries combined). 

Since the maximum revision rate for A*-rated implants is lower than for A-rated implants, we 

hypothesised that A*-rated implants have lower revision risks across registries than A-rated implants. 

Furthermore, we expected the majority of A*-rated implants to be A*-rated based on the pooled registries 

cumulative revision risk, as revision risks are also influenced by e.g. surgeon factors potentially affecting 

implant performances. We did not consider implants with a B-rating because they are assigned for 

implants with limited usage. 

3.2 Main findings 

European registries as identified in Chapter 2 were supplemented by non-European registries as listed on 

the website of the Australian registry. We matched the cumulative revision risks for specific hip and knee 

implants as reported by each registry to ODEP-ratings as reported on the ODEP-website based on implant 

name. 

Nine registries reported on 583 unique total hip cups (2,615,890 implants), 618 total hip stems (2,567,442 

implants), and eight registries on 634 total hip implants (2,266,864 implants) and 508 total knee implants 

(2,940,899 implants), of which 313 (54%) hip cups, 356 (58%) hip stems, 218 (34%) total hip implants, and 

68 (13%) total knee implants were matched to ODEP-ratings. Percentages of ODEP-matching varied widely 

between registries: ranging 35-69% (hip cups), 46-80% (hip stems), 22-55% (total hip implants) and 6-20% 

(total knee implants). Reasons why implants could not be matched included that no ODEP-rating was 

available or that we could not assign an ODEP-rating because the registry information was not specific 

enough so that multiple (different) ODEP-ratings were possible. Since only 13% of the total knee implants 

were matched, they were not further analysed. 

ODEP-matched cups and stems had significantly lower 5- and 10-year (cups also 3-year) cumulative 

revision risks (i.e. better performance) than unmatched cups and stems without an ODEP-rating, but had 

comparable cumulative revision risks compared to unmatched cups and stems with multiple ODEP-ratings 

(Table 3). ODEP-matched total hip implants had significantly lower CRR at all follow-up points compared 

with ODEP-unmatched total hip implants (Appendix 2). 
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Table 3. Performance of ODEP-matched versus ODEP-unmatched hip implants 

 Matched implants Unmatched – multiple ODEP 

ratings 

Unmatched – no ODEP rating 

 Revision 

risk 

N Revision 

risk 

N Mean diff Revision 

risk 

N Mean diff 

Cups – 3 year 
2.6% 1,270,520 2.5% 645,191 

0.1% (-

0.25;0.39) 
3.2% 379,345 

-0.6% (-

0.32;-0.94) 

Cups – 5 year 
3.1% 1,406,957 3.2% 631,813 

-0.1% (-

0.49;0.30) 
5.1% 370,942 

-2.0% (-

1.37;-2.58) 

Cups – 10 

year 
5.6% 944,820 5.4% 506,671 

0.2% (-

0.79;1.11) 
11.8% 196,116 

-6.3% (-

4.43;-8.09) 

Stems – 3 

year 
2.7% 1,423,161 2.7% 165,456 

0.0% (-

0.47;0.46) 
2.9% 692,944 

-0.2% (-

0.09;0.46) 

Stems – 5 

year 
3.4% 1,418,673 3.4% 162,655 

0.0% (-

0.82;0.82) 
4.2% 675,774 

-0.7% (-

0.16;-1.30) 

Stems – 10 

year 
6.7% 1,004,520 5.7% 112,264 

1.0% (-

1.73;3.80) 
8.8% 606,571 

-2.0% (-

0.33;-3.74) 

Bold values indicate statistically significant differences (p<0.05) 

With regard to the first research question, we found no overall differences in cumulative revision risks 

were found between A*- and A-rated total hip implants, but there was moderate to high heterogeneity 

within each group indicating substantial variation between implants. Exploring this heterogeneity, 

analyses were repeated by fixation which again showed no significant differences in cumulative revision 

risks for all analysed groups and heterogeneity remained. Within total hip implants where cups and stems 

from the same manufacturer were used, A*A*-implants had significantly lower 3- and 5-year cumulative 

revision risks than AA-implants. Within different manufacturer total hip implants, no significant 

differences were found. With regard to the second research question, we found that within the ODEP-

matched A*-rated cups and stems, 39% cups and 42% stems would also get an A*-rating based on the 

pooled registries cumulative revision risk at 3-year, 44% cups and 35% stems at 5-year, and 30% cups and 

5% stems at 10-year (Figure 3) 
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Figure 3. Pooled cumulative revision risks (3/5/10-year) across nine registries for A*-rated hip cups (A), A*-rated hip stems 
(B), A-rated hip cups (C) and A-rated hip stems (D) with the redline indicating the ODEP-benchmark  
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Cups and stems qualifying for an A*-rating based on the pooled registries cumulative revision risks, would 

get an A*-rating in a median of 1 registry at all follow-up points (range:0-4 (cups) and 0-6 (stems)). Three 

cups and stems would consistently get an A*-rating in all registries at 3-year, 4 cups and 2 stems at 5-year, 

and 3 cups and 0 stems at 10-year. Within ODEP-matched A-rated cups and stems, 24% cups and 31% 

stems would get an A*-rating based on the pooled registries cumulative revision risks at 3-year, 24% cups 

and 32% stems at 5-year, and 22% cups and 23% stems at 10-year (Figure 3). Cups qualifying for an A*-

rating based on the pooled registries cumulative revision risks, would get an A*-rating in a median of 0 

registries at all follow-up points (range:0-5). For stems these were: a median of 1 registry (range:0-2) at 

3-year, 1 registry (range:0-2) at 5-year, and 0 registries (range:0-1) at 10-year. Zero cups and 1 stem would 

consistently receive an A*-rating in all registries at 3-year, 1 cup and 2 stems at 5-year, and no cup or stem 

at 10-year. 

3.3 Conclusion and recommendations 

ODEP-matched total hip implants had significantly better performance than unmatched total hip implants 

without an ODEP-rating, suggesting that clinicians and hospitals should be encouraged to use implants 

with an ODEP-rating. Within matched total hip implants, higher ODEP-rated implants did not differ in 

performance than lower ODEP-rated implants. Total knee implants were not analysed as only 13% of total 

knee implants reported by registries could be matched to an ODEP-rating, due to insufficiently detailed 

registry information so that multiple ODEP-ratings were possible.  

A minority of A*-rated cups and stems (39% and 42% respectively) would be eligible for an A*-rating based 

on the pooled registries cumulative revision risks and assigned ODEP-ratings varying across registries, 

indicating that implants’ performances vary across countries. In addition, part of the A-rated cups and 

stems (24% and 31%) would also receive an A*-rating based on the pooled revision risks across registries 

(i.e. information on performance from all registries). Therefore, registries should first validate ODEP-

ratings to better guide implant selection in their country and preferable at the product-code-level to 

prevent camouflage (i.e. a total knee design may have different sub-types with the same brand name). 

Since ODEP-use is increasing globally, using revision data from at least two regional/national/multi-

country registries with >95% implant-level completeness would increase the strength of evidence 

supporting ODEP-ratings. 
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4 Feasibility study to combine data across registries 

4.1 Background and aim 

Orthopaedic arthroplasty registries are well suited to play an important role in the post-market 

surveillance of knee arthroplasty implants as the majority of these registries provide publicly available 

annual reports including implants’ survivorship data [7-10]. Registry data have proven that not all KA 

perform equally well, with some implants performing better (i.e. lower revision rates) compared with 

other comparable implants, while other implants have comparable performances (i.e. comparable 

revision rates), or worse performance (i.e. higher revision rates) [9,11,12]. These differences in 

performance can be caused by a variety of reasons such as differences in implant characteristics, surgeon 

related factors e.g. experience and performance, and patient characteristics such as Body Mass Index 

(BMI), age, American Society of Anesthesiologists (ASA) score (i.e. a measure of the health status of 

patients at the start of surgery), and gender [13,14]. Also, differences between registries have been found 

regarding the use of unicompartimental knee arthroplasty implants which may influence the 

characteristics of patients receiving total knee arthroplasty [15].  

Only a few studies have assessed differences in patient characteristics across countries [16-18]. However, 

the majority of these papers only focused on variations in preoperative pain and function, and 

importantly, all these studies analysed all knee arthroplasty implants combined instead of analysing 

differences in patient characteristics on the implant level. Hence, a more comprehensive analysis of the 

similarities and differences in patients receiving specific knee arthroplasty implants is required to better 

understand differences in implants’ performances across registries. 

We therefore aimed to assess to which extent 1) patient characteristics for the same knee arthroplasty 

implants differ across registries, and 2) knee arthroplasty implants are used across all registries, at least 

in two registries or in a single registry. 

4.2 Data and methods 

We invited 8 registries to participate in this study: Danish Knee Arthroplasty Register, Dutch Arthroplasty 

Register, Italian Arthroplasty Registry, German Arthroplasty Registry, Norwegian Arthroplasty Register, 

Swedish Arthroplasty Register, Swiss National Hip & Knee Joint Registry and The National Joint Registry 

for England, Wales, Northern Ireland, the Isle of Man and Guernsey. We requested aggregated implant-

level data based on all patients undergoing a primary knee arthroplasty between January 1, 2010 and 

December 31, 2021, separately for total knee arthroplasty and unicompartimental knee arthroplasty.  

As the primary outcome, we compared each knee construct (i.e. tibia/femur combination) with other 

similar implants on the following patient characteristics across registries: mean age, mean BMI, % 

smokers, % with osteoarthritis diagnosis and % with ASA score≥3. Similar groups of implants were created 

based on 4 characteristics of knee implant designs: fixation (cemented/cementless/hybrid (i.e. 
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uncemented femoral component with cemented tibial component)/reverse hybrid (i.e. cemented femoral 

component-uncemented tibial component)), mobility (fixed/mobile+rotating), patella usage (yes/no), and 

stabilisation (fully stabilised/hinged/medial pivot/minimally (CR)/posterior (PS)). 

Each registry would run the analyses as defined by a syntax supplied by the coordinating center (LUMC), 

which needed to be adapted to fit each specific registry due to e.g. different variable names. The syntax 

resulted in aggregated implant-level data on patient characteristics in that registry, to be sent to the 

coordinating center where data were pooled using meta-analysis methods. Data were first requested 

from the Dutch Arthroplasty register to develop and test the syntax. 

4.3 Challenges encountered and recommendations 

All registries were interested to participate but to supply the data required internal procedures to get 

approval, which required considerable time. In addition, testing the syntax on a new registry revealed that 

some adjustments needed to be made to fit the available data from all registries. Furthermore, preparing 

the data after approval required time and effort from local researchers for which no funds were available 

which meant it could not be prioritized and thereby caused further delay. The coordinating center with a 

designated researcher working on the project tried to help, for instance by manually classifying implant 

names in the Italian Register into the 4 characteristics required to create similar groups, as it was not 

available in the registry.  

We started this feasibility study in October 2022, and by January 2024 have received data from 3 registries 

with 1 registry indicating to send their data in January and 1 registry where it is unclear when to expect 

the data. The analyses have therefore been delayed and will be conducted in February, to be followed by 

writing a paper.  

We recommend future studies trying to combine data from several registries using federated network 

analysis to ensure time and funding for local registries, to harmonize the data into a common model. 
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5 Combining different sources of real-world data to detect 
safety problems 

Methods to combine these safety notices with registry data are described in a draft paper that we aim to 

submit to the Journal of Bone & Joint Surgery (Am), which is included as Appendix 3. Below is a summary 

of the main findings. 

5.1 Main findings 

We compared published safety notices for total knee implants across 13 countries, with outlier total knee 

implants as identified by registries. The CORE-MD PMS tool (described in deliverable D3.2) was used to 

identify total knee implants with published safety notices on the websites of competent authorities in the 

following EU countries: Czechia, Denmark, France, Germany, Greece, Ireland, Italy, Portugal, Spain, 

Sweden and the Netherlands. In addition, the Australian (System for Australian Recall Actions (SARA)) and 

the USA (MD Recall Database) safety notices data were included. We included only the safety notices for 

total knee implants currently on the market, by using the brand names of total knee implants from the 

most recent annual reports of 8 registries as input for the CORE-MD PMS model (6 European registries, 

the Australian and American registry). Reported outlier total knee implants currently on the market were 

identified by screening the last annual reports and up-to-date websites from European registries identified 

in Chapter 2, as well as non-European registries as listed on the website of the Australian registry. 

The CORE-MD PMS tool identified 104,638 safety notices of which 1,327 related to a total knee implant 

identified in the latest registry reports. Of these, 540 safety notices were excluded because they were not 

related to the knee implant itself (but e.g. associated with surgical protocols) which resulted in 787 safety 

notices included. These 787 safety notices were relevant to 38 unique total knee brand names. Most 

safety notices originated from the USA and the majority was associated with the Nexgen (Zimmer Biomet) 

(n=243, 31%). Four national registries (from Australia, United Kingdom, Sweden and Switzerland) reported 

outlier implants. In total, 35 unique outlier total knee brand names were identified. Combining the brand 

names of the 38 total knee implants identified by safety notices with the 35 outlier knee implants 

identified by registries resulted in 47 unique total knee brand names (Figure 4), of which 26 (55%) were 

in the “both” group, 12 (26%) in the “safety notices only” group, and 9 (19%) in the “outlier only” group.  

 

Figure 4. Overlap in safety notices (SNs) and outliers in registries signaling the same total knee (TK) implants 
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Considering the 26 total knee brand names in the “both” group, there was missing information in the 

safety notice on fixation for 7 (27%) implants, 9 (35%) had no information about their stability and 15 

(57%) no information about their mobility, which would be needed to determine whether the exact same 

total knee implant was concerned. Focusing on specific variants to prevent camouflage, we could match 

5 out of 26 (19%) cemented and 6 (23%) uncemented total knee implants with the same fixation. Two out 

of 26 (8%) cruciate retaining, 2 (8%) hinged and 9 (35%) posterior stabilised total knee implants had the 

same stability. One (4%) fixed, 1 (4%) mobile and 5 (19%) rotating total knee implants had the same 

mobility. However, 14 out of 26 (54%) cemented and 3 (12%) uncemented total knee implants were shown 

not to correspond to the same total knee implant. Six out of 26 (23%) cruciate retaining, 2 (8%) hinged 

and 7 (27%) posterior stabilised TK-implants did not correspond and 3 (12%) fixed, 5 (19%) mobile and 2 

(8%) rotating total implants. 

Part of the explanation for lack of overlap may be that the safety notices in the “safety notices only” group 

relate to a different type of problem that would not be expected to affect the performance of the knee 

prosthesis to require revision (on which outlier reports are based). All safety notices were therefore 

classified into IMDRF medical device problem codes. For the 26 implants in the “both” group, 728 safety 

notices were published with the most frequently reported problem “A02-Manufacturing, Packaging or 

Shipping” (43%), followed by “A23-Use of Device” (16%). The most frequent type of problem found was 

similar for the 12 implants in the “safety notices only” group (n= 59 safety notices published): “A02-

Manufacturing, Packaging or Shipping” (44%). The only differences found between the two groups, is that 

problems relevant to “A05-Mechanical Problem” (6%) and “A17-Compatibility Problem” (8%) were also 

reported for the “both” group, whereas these were not encountered for the “safety notices only” group. 

We also assessed whether implants in the “safety notices only” group had lower cumulative revision risks 

(i.e. better performance) than those in the “both” group, which might indicate why they were not yet 

identified as outliers.  The pooled median 1-, 5-, and 10-year cumulative revision risks for the “safety 

notices only” group were  0.7% (range:0.3-1.2), 2.8% (range:1.4-4.0), and 3.9% (range:3.1-5.1) 

respectively, which were lower than the 1.6% (range:0.9-9.5), 6.3 (range:3.6-23.8), and 8.1% (range:5.6-

23.8) for the “both” group.   

5.2 Conclusion and recommendations 

Publicly available safety notices issued by manufacturers and published by competent national authorities 

did not signal 9 of the 35 (26%) outlier total knee implants identified by registries with significantly higher 

revision rates, but also pointed to 12 implants not (yet) identified by registries. Safety notices might thus 

provide the first signal of a possible performance problem which could be used by registries, to analyse 

specific implants with released safety notices so that they can observe potential adverse trends in 

performance earlier. This highlights the potential of adopting a multifaceted approach, integrating various 

real-world data sources and methods to combine information to enhance medical device safety signal 

detection which would be beneficial for manufacturers, clinicians as well as competent authorities. 
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6 Achieving consensus on a minimal dataset to judge the quality 
and analysis of registry data 

Methods to achieve consensus by using a Delphi approach are described in a draft paper that we aim to 

submit to Health Policy, which is included as Appendix 4. Below is a summary of the main findings. 

6.1 Delphi study 

A total of 101 international experts were invited across 4 stakeholder groups: i) 30 regulators and notified 

bodies, ii) 28 healthcare professionals particularly from the orthopaedic and cardiovascular field as these 

represent the majority of high-risk medical devices, iii) 24 experts involved in registries, and iv) 19 

methodological experts e.g. on analysis of medical device performance. We aimed for at least 10 

participants per stakeholder group to ensure sufficient sample size and distribution across groups. 

A three-round Delphi study was conducted to achieve consensus, consisting of two online surveys and 

one online consensus-meeting. In round 1, participants created their individual minimum dataset by 

selecting items from an initial set of 27 items based on literature review (described in Chapter 2) and 

expert advice, and could add items which they felt were also required. We defined consensus as that a 

specific item was selected in at least 70% of the datasets across participants. In round 2, participants were 

first shown on which items there was already consensus, followed by discussion and voting which of the 

remaining items were needed in addition to those already selected. In round 3, participants were asked 

to rank the items included in the final minimum dataset across all participants, by assigning points to each 

item (from a total of 100 points). Even though all items in the minimum dataset were considered to be 

required, some more be more important than others and the average rank may guide regulators how 

much weight they should place on an item, as in practice a registry may score low on one item but higher 

on another. 

6.2 Main findings 

Of the 101 invited experts, 51 (50%) participated in the first round of whom 30 (59%) participated in the 

consensus-meeting and 38 (75%) completed round 3. After round 1, there was consensus on 10 of the 17 

(59%) data quality items and 8 of the 10 (80%) items concerning analysis of medical device performance 

(Figure 5). 
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Figure 5. Items to be included in the minimum dataset after round 1, showing frequency by which each item was selected 

During the consensus-meeting, 5 data quality items were added including 1 item suggested by one of the 

participants, and no data analysis items. The final minimum dataset thereby included 15 data quality of 

which reporting on the “Completeness of procedures” was considered most important, and 8 data 

analysis items of which reporting the “Definition of the outcome analysed” was considered most 

important (Figure 6). 
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Figure 6. Data quality and data analysis items included in the minimum dataset, with the mean number of points assigned 
per participant 

6.3 Conclusion and recommendations 

Registries publicly reporting all 15 items on quality of registry data and all 8 items on quality of analysis 

would allow regulators to better judge the utility of registry data for the regulation of medical device 

performance and thereby increase their confidence in registry data during post-market surveillance. 

These items will often be known by registries but not always publicly reported. They provide more detail 

to previous reports that emphasized the importance of data completeness and accuracy [19,20]. 

Compared with FDA guidance, several selected items are similar such as common data capture, data 

verification procedures and data completeness [21] but also add new items such as reporting on funding 

or definition of outlier performance.  

Achieving consensus on what items registries need to report to judge the quality of registry data and 

analysis of performance is an important first step. However, it does not make clear what constitutes 

sufficient quality data, particularly when good scores on some items are combined with worse scores on 

others. The ranking provided in the current study may guide regulators on which items the highest weight 

should be placed. 
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7 Decision framework to assess the performance of medical 
devices 

The results from the activities conducted within Task 3.1 (on Aggregating insights from registries, big data, 

and clinical experience) exposed in the previous sections were used to construct a decision framework 

that can be used by regulators to assess the performance of medical devices during post-marketing 

surveillance, using registry data. 

7.1 Background and development of the framework 

The FDA previously indicated that Relevance and Reliability were key factors when assessing real-world 

data [21], so we used these as guiding principles to construct the framework. They indicate under 

Relevance that the real-world data should contain sufficient detail to capture the use of the device, 

exposure and outcomes of interest in an appropriate population, and also specify that “the use of the 

device in a real-world population is representative as captured within the data source, and is generalizable 

to the relevant population being evaluated” [21]. In addition, they specify that the data elements available 

should be able to address the question at hand when valid, and that appropriate analytic methods are 

used. Reliability covers varies aspects of data collection such as common definition and a relevant time 

window, but also data quality such as adherence to source verification procedures.  

The recently published UK NICE real-world evidence framework is not specifically developed for regulatory 

decision-making or specifically focused on medical devices, but more broadly it covers various sources of 

real-world data (including registries) to support those developing evidence to inform NICE guidance [20]. 

As principles, they highlight that data should be “of good provenance, relevant and of sufficient quality to 

answer the research question”, that evidence should be generated in a transparent way and using 

“analytical methods that minimise risk of bias and characterize uncertainty”. [20]. Under data 

provenance, they consider knowledge about the purpose and methods of data collection to be important, 

as well as data coverage and governance. Relevance focuses on generalizable and robust results, where 

completeness and accuracy are key factors considered for data quality. 

In both FDA and NICE guidances, rather general descriptions are given (with some examples) but they also 

indicate that other factors may be considered and that contextual factors may determine the acceptability 

of the evidence; e.g. high-quality evidence may be more difficult to generate for rare diseases. Thus they 

do not specify a minimum dataset of what registries should report, to allow regulators to assess the quality 

of the data showing the performance of medical devices. We therefore mapped the items on which 

consensus was achieved in the Delphi study (Chapter 6) to the more generic principles and domains as 

found in previous FDA and NICE guidance. 

Within the relevance principle, we considered whether the data were suitable to answer regulatory 

questions, which requires consideration of the outcome of interest (to assess safety and performance), 



  

 D3.1 Decision framework to assess the performance of high-risk medical devices  - 33 - 

an appropriate representative population, and sufficient detail on device characteristics to allow fair 

comparison with similar devices (Figure 7).  

 

Items in light blue boxes were assigned higher relative weight by respondents in the Delphi study. 

Figure 7. Decision framework to assess performance of medical devices 

As shown in our systematic review of European medical device registries, there is large heterogeneity in 

the outcomes captured by registries and in the time-points at which outcomes are recorded, as well as 

lack of clarity about which of these outcomes could be included to calculate the benefit-risk ratio for the 

intended purpose of a particular medical device [7]. Three items from the minimal dataset (Chapter 6) can 

be used to gain insight into the extent to which an appropriately representative population has been 

captured (i.e. coverage, patient inclusion and exclusion criteria, and registry design), one item on the level 

of information which determines the type of question for which the data can be used (hospital-level, 

surgeon-level, or medical-device level), and one item to ensure that sufficiently detailed information has 

been documented about the performance of the device (Unique Device Identifier). The last of these can 

also be used to create groups of similar devices, as shown in the feasibility study to combine data from 

different registries (Chapter 4). With respect to the reliability principle, the recommended framework 

distinguishes characteristics related to data governance (5 items), data quality (5 items) and data analysis 

(8 items).  
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7.2 Methods to disseminate the framework 

Several methods can be used to disseminate the framework so that all stakeholders will become aware 

of the value of the framework and how it can be used in the regulatory process for evaluating performance 

and safety (benefit / risk) of the medical device. Part of these methods have already been employed and 

others are recommended for further dissemination.  

As the first step, the framework and how it was developed has been presented and discussed at two 

conferences: the CORE-MD conference (15-3-2024) and during a dedicated regulatory session at the 

annual International Society of Arthroplasty Registries (ISAR) conference (2-6-2024). These conferences 

were attended by various stakeholders, including healthcare professionals, registry experts, 

manufacturers, notified body experts, and regulators. We have also submitted the manuscript describing 

the results of the Delphi study to a scientific journal, in which the framework is included in the discussion 

(see updated Appendix A4). Once accepted for publication, the framework will also be made available 

online on the CORE-MD website with reference to the scientific paper. These activities provide 

stakeholders with access and increase the knowledge of the framework. 

As noted in Chapter 2, the International Society of Arthroplasty Registries has already taken further 

initiatives towards implementation of this framework, by recommending all of their member registries to 

report on these items, to be published on their website and in a scientific paper. This would mean that 

the items included in the framework will be readily available across these orthopaedic registries, not only 

for the benefit of regulators, notified bodies and manufacturers, but also to improve data comparison and 

interoperability between registries when analysing orthopedic medical devices. Combining data from 

medical device registries is crucial to detect any safety and performance concerns related to medical 

devices as early as possible, in order to prevent patient harm, which will only be achieved if the data are 

of sufficient quality. As for cardiovascular medical devices, the EuroHeart registry can use the above 

framework in a similar way when supplementing the disease information in their registry with data to be 

collected for medical devices. Given the generic nature of the framework and items included, it can likely 

also be used by other registries outside the orthopaedic and cardiovascular fields (e.g. registries on 

outcome of surgical oncology procedures).  

As next steps, registries can define what is considered sufficient e.g. with regard to completeness of data, 

and sufficient for their context e.g. with regard to the minimum number of patients at risk and follow-up 

duration to analyse performance. In addition, they may consider harmonizing definitions of outcomes and 

outlier performance across registries, to work towards common registry outcome data that will facilitate 

pooling of data in federated network analysis using data across several registries. 

Further work is needed to ensure different stakeholders will use the framework in the regulatory process 

and to evaluate the experience with the framework when evaluating medical devices. Manufacturers can 

use the framework to validate the quality of their data on real-world outcomes for patients receiving a 

specific medical device across all clinical practices (and not only in a selective study population), which is 
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also required by the MDR as part of post-market surveillance. If registry data are submitted to regulators 

and all items, or at least the items deemed most important (indicated in blue), indicate good quality data 

and analysis, then such real-world evidence can be considered trustworthy. To achieve this, may require 

additional guidance (in an annex) to specify the quality of the real-world evidence and to refer to the 

framework for the items to be considered. Notified bodies may use the framework as part of their 

assessment whether manufacturers have planned and conducted the post-market surveillance in a 

correct manner, by checking whether the quality of the real-world evidence has been validated and is of 

sufficient quality.  

As the expert panels under the MDR evaluate also the reports of notified bodies in case of novelty of a 

medical device, dissemination of the framework to these expert panel members as well as education with 

respect to judging quality of data and analysis (e.g. signal detection) is important. Prof. Nelissen is chair 

of the thematic expert panel orthopaedics, traumatology, rehabilitation, rheumatology as well as an 

active member of the CORE-MD consortium. He will facilitate further dissemination by acting as champion 

with good knowledge of the framework as well as interpretation of real-world evidence and how to use 

this to inform on clinical evidence and the benefit-risk ratio of these medical devices. 

Developing further education for stakeholders (e.g. expert panels, manufacturers) on methodologies of 

evaluating medical devices and on the use of real-world data, while applying the CORE-MD framework to 

check the validity of data and also including  aspects such as signal detection, will further facilitate the 

safe introduction of innovative implants. Regulators may also use the framework to determine whether 

the data may be reliable for the evaluation of medical device safety and performance, guided particularly 

by the items deemed more important, but might also benefit from additional education on interpretation 

and use of real-world evidence. Finally, since registries could score "sufficient" on one item, but 

"insufficient" on another, further investigations are needed to determine the thresholds to indicate 

sufficient quality data, for each item as well as for various combinations. Next steps may also include what 

is considered acceptable uncertainty when presented with different quality of real-world evidence, which 

may vary for different situations or stages (e.g. rare diseases or unmet medical need).  
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8 Summary and conclusions  
A decision framework was developed capturing both characteristics to judge the quality of registry data, 

endpoints used to determine performance and safety, and propose methodology and criteria to assess 

performance of these medical devices so that registry data can be leveraged to supplement evidence from 

RCTs on performance and safety of high-risk medical devices in the post-marketing phase. Cardiovascular 

and orthopaedic registries were used as an example as they constitute the majority of high-risk medical 

devices.  

In our review of 20 cardiovascular (coronary stents and valve repair/replacement) and 26 orthopaedic 

(hip/knee prostheses) European registries we found large heterogeneity and incomplete transparency in 

quality items reported that relate to their structure and methodology as well as in the endpoints used and 

definitions. This suggests that it would currently be difficult for registries to report on common principles. 

The latter is needed for regulators to judge the quality of evidence generated by registry data. Registries 

should agree on such common principles with respect to defining variables and collecting data, thus 

reporting on comparable information across Europe. 

The external validation of ODEP-ratings across 9 registries showed variable performance of the same hip 

implants across registries, with only a minority of the highest rated hip cups and stems receiving the same 

rating based on the pooled evidence across all registries. Therefore, performance assessed in one country, 

which complies with an absolute benchmark such as ODEP, would not necessarily translate to other 

countries. This emphasizes the importance that data from multiple registries would provide stronger 

evidence on the performance of a medical device, thereby safeguarding patient safety. 

We encountered multiple challenges when assessing the feasibility to combine patient-level data across 

registries using a federated network analysis approach. Even though all registries were willing to 

participate, harmonizing the data requires significant time and effort for which no funds were available 

and resulted in delay. Future studies undertaking federated network analysis might benefit from first 

defining common registry outcome data and having funds available to ensure sufficient time and priority. 

Combining registry data with evidence from safety notices showed that there was overlap but also that 

safety notices did not signal about a quarter of the outlier total knee implants identified by registries as 

having significantly higher revision rates. On the other hand, safety notices also pointed to 12 implants 

not (yet) identified by registries. This highlights the potential of adopting a multifaceted approach, 

integrating various real-world data sources and methods to combine information to enhance medical 

device safety signal detection which would be beneficial for manufacturers, clinicians as well as 

competent authorities. 

In our Delphi study, we achieved consensus across 50 experts from different stakeholder groups on the 

minimal dataset for registries to report 15 items on quality of registry data and 8 items on quality of 

analysis to allow regulators to better judge the utility of registry data during post-market surveillance. 

Completeness of procedures, reporting missing data, definition of the outcome analysed and a minimum 
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number of patients at risk to analyse performance were considered most important, which may guide 

regulators when assessing registry data as they will often have better scores on some items and worse on 

others.  

The final decision framework incorporated these findings and used relevance and reliability as the guiding 

principles, to follow previous regulatory guidance on real-world evidence. Data suitability, data 

governance, data quality and data analysis were taken as the key factors to be assessed, and items from 

the minimal dataset could be mapped within these factors. This framework is likely valuable for 

manufacturers to perform the required clinical evaluation and for notified bodies to do their assessment, 

for competent authorities to perform their market surveillance tasks and for clinicians and patients to 

establish their own insights on a device. 
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Appendices 

A.1 Appendix 1: Systematic review published in Int J Health Policy Manag 

 

Quality and Utility of European Cardiovascular and Orthopaedic Registries for the Regulatory 

Evaluation of Medical Device Safety and Performance Across the Implant Lifecycle: A Systematic 

Review (Int J Health Policy Manag 2023:12:7648. doi: 10.34172/ijhpm.2023.7648) 

 

Background  

A vital mechanism for assuring safety and performance of high-risk medical devices in patients is that 

they are subject to systematic post-market surveillance, which includes the collection of high-quality 

clinical data by registries. For regulatory purposes, such post-market clinical follow-up (PMCF) is 

mandatory for cardiovascular devices like stents and valves and for orthopaedic devices like hip and 

knee implants.  

The International Medical Device Regulators Forum (IMDRF) defines a medical device registry as “an 

organized system with a primary aim to increase the knowledge on medical devices contributing to 

improve the quality of patient care that continuously collects relevant data, evaluates meaningful 

outcomes and comprehensively covers the population defined by exposure to particular device(s) at a 

reasonably generalizable scale (eg, international, national, regional, and health system).”[1] A medical 

device registry is thus an unselected population-based health information system collecting large 

numbers of real-world data regarding safety and performance of specific devices over time, with the aim 

to improve the quality of patient care,[1-4] and therefore well suited to provide clinical evidence on 

PMCF of devices for regulatory purposes.  

The European Medical Device Regulation (MDR) requires manufacturers to plan and conduct 

surveillance of their devices (see Article 83 of (EU) 2017/7455 ), but the list of sources of available 

information that can be used for this purpose includes “relevant specialist or technical literature, 

databases and/or registers” and “information, including feedbacks and complaints, provided by users, 

distributors and importers” (see Annex III, clause 1.1(a)).[5] Real-world data collected by medical device 

registries are particularly useful as they enable continuous benchmarking across longer follow-up in 

many more patients than enrolled in clinical trials.[6-10] The utility of medical device registries 

organized by medical professional associations is exemplified by the case of the ‘‘Metal on Metal’’ 

(MoM) hip implants. Originally developed as a more durable alternative to implants with ceramic or 

polyethylene components, mid-term follow-up registry data of patients with MoM showed far higher 

revision rates when compared with other implants.[11] The Australian Orthopaedic Association National 

Joint Replacement Registry identified these implants as having an outlier performance, three years 

before their withdrawal from the market in 2010.[12-14] For cardiovascular diseases, device registries 
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have provided important insights on the safety of coronary stents, by documenting increased rates of 

low-frequency events such as stent thrombosis with specific stent platforms.[15,16]  

Principles have been proposed by regulators to evaluate whether the quality of clinical data on 

medical devices meets the scientific standards to be used for PMCF. They include coverage (ie, extent of 

participation in data collection), completeness (ie, data used in analyses are consistently captured), 

accuracy (ie, data recorded is an accurate reflection of the healthcare event), consistency (ie, uniformity 

in following the same procedures for data capture), integrity (ie, consistent recording of unique 

identification of medical devices), and reliability (ie, reproducibility of data elements).[1] Specific criteria 

have not been proposed, however, and it is therefore unknown if existing medical device registries in 

Europe would allow manufacturers to meet the MDR requirements to an acceptable standard. As part of 

the Coordinating Research and Evidence for Medical Devices (CORE-MD) project, this systematic review 

therefore aims to: (1) identify current European cardiovascular and orthopaedic medical device 

registries, and (2) review these registries by 33 items that related to their structures, methodologies, 

and quality of data. 

 

Methods  

This systematic review was conducted according to the Preferred Reporting Items for Systematic 

Reviews and MetaAnalyses (PRISMA) 2020 guidelines,[17] and it was registered in the Center for Open 

Science in October 2021 (https://osf. io/7yuwx/) prior to data collection. 

 

Search Strategy  

A previous study identified European registries on implantable medical devices [18] from which we 

adapted and updated its search strategy in order to identify new registries and expand the list of 

registries for this systematic review. Eight literature libraries (Centre for Reviews and Dissemination 

York, Cochrane library, Embase, Emcare, Google Scholar, Medline, PubMed, and Web of Science) were 

searched for publications between January 1, 2013 and July 7, 2021, using a systematic search strategy 

(Supplementary file 1) created by a librarian (JWS). References were imported to EndNote (Version X9, 

Clarivate Analytics, Philadelphia, the USA) which was used to remove duplicate publications, and 

subsequently exported to the web application Rayyan (Doha, Qatar) [19] which was used for study 

selection. 

 

Study Selection  

Two reviewers (LAH and THG) independently screened titles and abstracts and then independently 

assessed eligibility of full texts. Discrepancies were resolved by discussion. If consensus could not be 

reached, the senior researcher (PJMvdM) was consulted for a decisive vote. Studies were included firstly 

if they described a European regional, national, or multi-country cardiovascular medical device registry 

in which data were captured on coronary stents and/or on percutaneous or surgical valve repair or 

replacement. We focused on coronary artery stents as they are commonly used high-risk devices with a 
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low frequency of adverse events so that a large number of patients is needed to detect safety issues, 

and on valve prostheses because there are many new devices for which guidance is needed on 

benchmarking safety and performance. Secondly, we also included European registries capturing data 

on hip and/or knee prostheses since they are the most common orthopaedic high-risk devices. By 

applying these criteria and by excluding multicenter studies, we complied with the IMDRF definition of a 

registry,1 which is particularly relevant to evaluate implant performance in the entire population 

receiving such a device in daily practice, rather than in selected (high performing) centers. Additional 

inclusion criteria were: (i) an active/accessible website at the time of study collection; or (ii) at least one 

publication and/or annual report containing registries’ data between 2013 and 2021. We defined an 

“active registry” as a registry that published at least one annual report and/or peer-reviewed paper 

containing registries’ data, during or later than 2018. The reason for making a distinction between 

“active” and “non-active” registries is to give a better estimate regarding the number of registries able 

to contribute evidence for regulatory purposes in practice. In addition, “active” registries may also 

report the structural and methodological characteristics determining the quality of the data more 

consistently. No language restriction was applied. Data were extracted from any peer-reviewed 

publication(s) that described the registries’ structure and methodology, and combined with data from 

the most recent published annual report(s) (if available) and/or registries’ website (if available). To 

identify any more registries that were not yet included in this review, the references in publications and 

annual reports were checked, and clinical experts were consulted (five for the cardiovascular and eight 

for the orthopaedic field). For orthopaedic registries, we also checked the list on the EFORT —Network 

of Orthopaedic Registries of Europe (NORE)— website (https://efortnet.efort.org/nore-

map/#/nore/map-all). 

 

Data Extraction and Analysis  

Based on the literature including a study reporting best practice recommendations,[20] LAH and 

PJMvdM developed a list of items that could be used to assess registries’ structures and methodological 

characteristics, reflecting the previously mentioned principles [1] and therefore relevant to judge the 

quality of registry data for regulatory purposes as required by the MDR. These were sent to 13 experts in 

the cardiovascular (n=7) and/or orthopaedic (n=6) fields, for feedback and suggestions of relevant 

additional items. Consensus was reached on a total of 33 quality items covering six domains: (1) 

Identification (6 items) to understand which population the registry intends to describe; (2) Maturity (3 

items) to contextualize the numbers of procedures and extent to which longer-term outcomes may 

already be captured; (3) Governance (5 items) to enable assessment of the integrity of data; (4) 

Coverage, design & organisation (8 items) to reflect the aforementioned principles of coverage and 

consistency; (5) Data quality & completeness (4 items) to reflect the aforementioned principles of 

completeness and accuracy, and (6) Safety & performance (7 items) to capture reliability of data in using 

standard definitions to assess safety; details of each item are given in Box 1. Data were also collected 

on: (i) the number of peer-reviewed publications since foundation of the registry, as an indicator of 
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scientific utility; (ii) the number of included manufacturers and the total number of patients/ 

procedures, to indicate the average experience with a specific device, that would potentially be relevant 

when assessing the performance based on a minimum sample size to obtain reliable estimates, and (iii) 

reported outcomes, including definitions and durations of follow-up. Using a prespecified format, 

publicly available data were extracted independently by LAH and THG for each registry and each item. 

Otherwise, items were recorded as ‘‘Not reported” (N/R). Median values (given the skewed 

distributions) and interquartile ranges (IQRs) were calculated for the percentage of items reported per 

domain and across all domains, for both cardiovascular and orthopaedic registries. Analyses were 

performed using Microsoft Excel (Excel version 2012, Microsoft, Redmond, the USA). 

 

Box 1: Description of the items in each domain that were extracted for each registry 

 

Identification 

1.   Class of device (cardiovascular registries – stents / cardiovascular registries – valves / 

cardiovascular registries – combined) / (orthopaedic arthroplasty registries – combined / 

orthopaedic arthroplasty registries – hips / orthopaedic arthroplasty registries – knees) 

2.   Name of registry 

3.   Initial motivation / goal to set up the registry 

4.   Country (country or countries in which the registry is conducted) 

5.   Design (regional/national/multi-country) 

6.   Website (available yes/no) 

Maturity  

7.   Starting year (year of first patient/procedure included) 

8.   First annual report (year of publication) 

9.   Most recent (or last, if registry no longer active) annual report (year of publication) 

Governance 

10. Mandatory (if mandatory for surgeons/hospitals to submit to the registry; yes/no) 

11. Patients’ consent (patients’ consent required before entering their data to the registry; 

required/not-required) 

12. Funding (public/private/both) 

13. Who can access the data and see results? 

14. Privacy regulation for patients’ identifiable information (privacy regulation reported as 

implemented: yes/no? And if yes: how?) 

Coverage, design & organisation  

15. Number of participating hospitals and % of hospital-level coverage (defined as number of 

participating hospitals relative to the total number of eligible hospitals) 



  

 D3.1 Decision framework to assess the performance of high-risk medical devices  - 44 - 

16. Number of patients/procedures (cumulative total in registry) 

17. Number of selected patients/procedures in study population (if cumulative total in registry is not 

reported) 

18. Annual number of patients/procedures in registry 

19. Data capture and collection method (e.g. electronic/manual/barcodes-industry/surgeon-reported) 

20. Method of access to registry for users/members (e.g. dashboard/real-time/secure server) 

21. Level of information provided (data is reported at hospital/medical device/surgeon level) 

22. Data linkage with other sources (e.g. registry data is linked to hospital statistics/manufacturer 

vigilance data/national competent authority on medical devices) 

Data quality & completeness 

23. Quality assurance system defined/quality check of data (e.g. data verification) 

24. Missing data for patients’ characteristics reported (%)(e.g. BMI, ASA classification, gender) 

25. Methods for handling missing data described 

26. Data completeness reported at patient/procedure-level (%) 

Safety & performance 

27. Frequency of feedback provided to surgeons/hospitals (e.g. annually/quarterly) 

28. Level of feedback information provided (e.g. hospital/medical device/surgeon level) 

29. Feedback time period (the duration of observation before assessment of performance is possible) 

30. Outlier reports procedures (the type of outlier reports or procedures a registry has established and 

published methods to define outlier performance) 

31. Accessibility of outlier results (e.g. publicly available or only accessible for individual 

hospitals/surgeons/members). 

32. Definition of an outlier (e.g. using funnel plots) 

33. Number of outliers identified (has this registry identified and published details of any specific 

hospitals/medical devices/surgeons with outlier performance?) 

 

Results  

Literature Search  

The searches identified 4538 cardiovascular and 4485 orthopaedic publications, of which 1727 

cardiovascular and 1360 orthopaedic publications remained after removing duplicates. Title and 

abstract screening identified a total of 81 cardiovascular and 27 orthopaedic registries, mentioned in 

publications from January 2013 to July 2021 (Figure 1). Twelve cardiovascular registries were excluded 

because they focused on other cardiovascular devices (eg, pacemakers) (n=11) or no devices (n=1) and a 

further 51 cardiovascular and seven orthopaedic registries were excluded during full-text screening, 

mostly because of reporting on a single or multicenter study, or due to registry mergers (Figure 1). 

Manual search identified two additional cardiovascular [21,25] and six orthopaedic 

registries,[47,51,53,57,60,66] that did not publish any peer-reviewed papers and therefore were not 
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found in the literature search. Thus, a total of 20 cardiovascular [21-40] and 26 orthopaedic registries 

[41-66] were selected for data extraction. 

 

 
Figure 1A: PRISMA flowchart – Cardiovascular registries 

 

 
Figure 1B: PRISMA flowchart – Orthopaedic registries 



  

 D3.1 Decision framework to assess the performance of high-risk medical devices  - 46 - 

 

Overall Findings  

Across all domains, a median of 33% (IQR 14%-71%) of the predefined 33 quality items were reported by 

cardiovascular registries and 60% (IQR 28%-100%) by orthopaedic registries. The highest median value 

was reached for the domain ‘Identification’ since almost all registries reported information on eg, the 

type of registry: 75% (IQR 69%- 100%) for cardiovascular and 100% (IQR 100%-100%) for orthopaedic 

registries (Figure 2). The lowest percentages were observed for the domains ‘Data quality & 

completeness’ and ‘Safety & performance’; for cardiovascular registries these were respectively 25% 

(IQR 0%-25%) and 0% (IQR 0%-4%) and for orthopaedic registries they were 38% (IQR 0%-69%) and 50% 

(IQR 0%-71%) (Figure 2). 

 

Domains “Identification” and “Maturity”  

The majority of included registries (41 out of 46; 89%) were national registries, [21-26,28-

48,51,53,54,56-66] with only 3 (7%) regional registries [27,52,55] and 2 (4%) multi-country registries 

[49,50] (Table S1A and S1B, Supplementary files 2 and 3). The first cardiovascular registry was founded 

in 1978 [23] and the two most recent in 2013, [35,37] while the first orthopaedic registry was 

established in 1975 [65] and the most recent in 2019.[53] Initial motivations to set up a registry were 

mostly reported (by 60% of cardiovascular [21,23,25-27,29,33,35-37,39,40] and 92% of orthopaedic 

registries [42-44,46-66]) and often involved ensuring patients’ safety. More orthopaedic than 

cardiovascular registries publish annual reports (77% versus 30%), although for some registries (35%) 

data were last reported more than four years ago and therefore labelled as ‘‘non-active’’ (Table). Of the 

active registries (65%), a median of 43% (IQR 25%-80%) of the 33 quality items were reported by 

cardiovascular registries and 75% (IQR 41%-100%) by orthopaedic registries (Figure 3). 

 

Domains “Governance” and “Coverage, Design & Organisation”  

Mandatory enrolment of eligible patients was implemented in 8 (40%) cardiovascular 

[22,24,27,29,30,37,39,40] and 12 (46%) orthopaedic registries [42,43,46,48,50,51,55,56,59,60,62,64] 

(Table S2A and S2B). Few cardiovascular [21,24,27,29,35-37,39,40] and orthopaedic [42-44,46,53,54,61-

63,65] registries have reported on their funding and few report on the patient informed consent process 

[24,25,27,29,31,33-37,39,40,42,44,46,48,50, 54,60,63,64] (Table S3A and S3B). The number of 

participating hospitals per registry varied largely, with a median of 28 (IQR 17-89) hospitals for 

cardiovascular registries and 71 (IQR 42-116) hospitals for orthopaedic registries (Table S4A and S4B). 

The proportion of all eligible hospitals that participated in the registry (ie, hospital-level coverage) was 

only reported by 6 (30%) cardiovascular registries, [24,26-28,31,34] with a median hospital-level 

coverage of 100% (IQR 98%-100%) and by 9 (35%) orthopaedic registries, [44-46,48,52,54,60,64,65] also 

with a median hospital-level coverage of 100% (IQR 95%-100%) (Table S4A and S4B). 

 

In general, cardiovascular registries report on studies for which selected patient groups are included, so 
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data on the total number of patients receiving an implant were reported by only 4 (20%) registries. 

[21,25,29,34] The median for stents was 12 395 (IQR 3985-201 647) and the median for valves was 2325 

(IQR 861-10 479) (Table S4A and S4B). Given the regular publication of annual reports, the total and 

annual volume of implant procedures in orthopaedic registries was mostly reported; details were on 

both items was not available for 7 (27%) registries. [41,45,47,49,53,54,61] Overall, orthopaedic registries 

reported on a median of 120 408 (IQR 52 391-218 445) hip implants and a median of 102 649 (IQR 51 

700-194 076) knee implants (Table S4A and S4B). Data linkage with other sources—mostly national 

clinical databases—was reported by 8 (40%) cardiovascular [21,24,27,29,34,36,37,39] and 14 (54%) 

orthopaedic registries. [42,44-46,48,50,52,54,55,60,62-65]  

 

Information was mostly provided on hospital and/or device-level, while in some cases also surgeon-level 

information was provided. There were more different types of implants in orthopaedic than in 

cardiovascular registries, shown by totals of 37 different manufacturers for knee implants and 63 for hip 

implants compared with 13 different manufacturers of valves and 11 of stents (Table S5A and S5B). 

 

 

Figure 2: Reported items by cardiovascular (left) and orthopaedic (right) registries in each domain 

indicating the variation in reporting across registries (with the lower end of the boxes representing the 

1st quartile and the higher upper end the 3rd quartile; the solid lines in the boxes representing the 

median values (if not visible the solid lines are at the same level as the 1st or 3rd quartile); the T-shaped 

whiskers the maximum or minimum values (without outliers); the individual points representing outlier 

values) 
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  Published paper(s) containing 

registries’data (2018 and beyond)   

Published annual report(s) 

containing registries’data (2018 

and beyond) 

Active registry 

Cardiovascular registries – combined    5 out of 7 (71%) 

     British Cardiovascular Intervention Society No Yes Yes 

     East Denmark Heart Registry No No No 

     German Society for Thoracic and Cardiovascular Surgery Yes Yes Yes 

     Polish National Database of Cardiac Surgery Procedures Yes No Yes 

     Portuguese National Registry of Intervention Cardiology No No No 

     Spanish Cardiac Catheterization and Coronary Intervention Registry Yes Yes  Yes 

     Western Denmark Heart Registry Yes No Yes 

Cardiovascular registries – stents 2 out of 2 (100%) 

     Polish National Percutaneous Coronary Intervention Registry Yes No Yes 

     Swedish Coronary Angiography and Angioplasty Registry Yes Yes Yes 

Cardiovascular registries – valves  4 out of 11 (36%) 

     Quality Assurance Registry on Aortic Valve Replacement No No No 

     Austrian-TAVI Registry No No No 

     Belgian TAVI Registry No No No 

     Czech TAVI Registry No No No 

     FinnValve Registry No No No 

     FRANCE-TAVI Registry No No No 

     German Aortic Valve Registry Yes No Yes 

     Polish Registry of Transcatheter Aortic Valve Implantation Yes No Yes 

     Spanish Registry of Heart Valves Repair No No No 

     Swedish Transcatheter Cardiac Intervention Registry Yes Yes Yes 

     Swiss TAVI Registry Yes No Yes 

Orthopaedic arthroplasty registries – combined  14 out of 20 (70%) 

     Croatian Register of endoprothesis No No No 

     German Arthroplasty Register Yes Yes Yes 

     Finnish Arthroplasty Register No Yes Yes 

     Irish National Orthopaedic Register No Yes Yes 

     Lithuanian Arthroplasty Register Yes No Yes 
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Table: Recent activity of included registries

     Dutch Arthroplasty Register Yes Yes Yes 

     Hungarian Arthroplasty  Register No No No 

     Norwegian Arthroplasty Register Yes Yes Yes 

     Nordic Arthroplasty Register Association Yes No Yes 

     National Joint Registry for England, Wales, Northern Ireland, 

     the Isle of Man, and the States of Guernsey 
Yes Yes Yes 

     Belgian National Arthroplasty Register No Yes Yes 

     Catalan Arthroplasty Register  No No No 

     National Arthroplasty Registry of Slovenia  No Yes Yes 

     Italian Arthroplasty Registry No Yes Yes 

     Emilia-Romagna Region Arthroplasty Register Yes Yes Yes 

     Romanian National Arthroplasty Register  No No No 

     Portuguese National Arthroplasty Register  No No No 

     Scottish Arthroplasty Project Joint Registry  No Yes Yes 

     Slovakian National Arthroplasty Register No No No 

     Swiss Arthroplasty Register No Yes Yes 

Orthopaedic arthroplasty registries – hips  3 out of 4 (75%) 

     Czech Republic Arthroplasty Register No No No 

     French Arthroplasty Register No Yes Yes 

     Danish Hip Arthroplasty Register Yes Yes Yes 

     Swedish Hip Arthroplasty Register Yes Yes Yes 

Orthopaedic arthroplasty registries – knees  2 out of 2 (100%) 

     Danish Knee Arthroplasty Register Yes No Yes 

     Swedish Knee Arthroplasty Register  Yes Yes Yes 
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Figure 3: Reported items by the active labelled cardiovascular (left) and orthopaedic (right) registries in 

each domain indicating the variation in reporting across registries (with the lower end of the boxes 

representing the 1st quartile and the higher upper end the 3rd quartile; the solid lines in the boxes 

representing the median values (if not visible the solid lines are at the same level as the 1st or 3rd 

quartile); the T-shaped whiskers the maximum or minimum values (without outliers); the individual 

points representing outlier values) 

 

Domain “Data Quality & Completeness”  

None of the cardiovascular registries reported patient/ procedure-level data completeness (Table S6A 

and S6B). Techniques to handle missing data were described in only 1 cardiovascular registry (5%), [21] 

which applied a data completeness threshold (ie, a certain variable will only be analyzed if its 

completeness is ≥95%). Most (55%) cardiovascular registries [21,23,26,27,29,30,34-37,40] reported on 

procedures to check the quality of their data, such as checking on the range and consistency of entries, 

and verification by audits or an external electronic tool.  

Patient/procedure-level completeness was reported by 16 (62%) orthopaedic registries, [42-

46,48,50,52-55,60,62-65] which varied from 19% for hip prostheses in the Irish National Orthopaedic 

Register to 98%-99% for knee prostheses in the Danish Knee Arthroplasty Register. Both registries used 

data linkage with national patient databases to determine patient/procedure-level completeness (Table 

S6A and S6B). Techniques to handle missing data were clearly described by only 1 orthopaedic registry 

(4%), [50] which sent requests for missing data to each orthopaedic department once every three 

months. Almost half (46%) of the orthopaedic registries, [42,43,46,50,52-55,60,63-65] reported that 

they implemented techniques for quality assurance of the data, which in the majority consisted of 

comparing registry data with national patient databases or implant databases. 

 

Reported Outcomes, Definitions, and Duration of Follow-up  
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The number of peer-reviewed publications per registry in the period January 2013 – July 2021 varied, 

with a median of 11 (IQR 3-33) published articles among cardiovascular registries and 9 (IQR 2-45) 

among orthopaedic registries. A wide variety of outcomes as well as their definitions and durations of 

follow-up were reported by both cardiovascular and orthopaedic registries (Table S7A and S7B).  

The most frequently reported outcome in cardiovascular registries was mortality; reported by 

18 (90%) registries. [21-24,26-37,39,40] Mortality was reported using 70 different time-points, from in-

hospital mortality to mortality at 21 years, the majority of registries (80%) reported on 30- day mortality. 

[21,22, 24,27-37,39,40] Major cardiovascular events (MACE) were reported as combined end-points by 8 

(40%) registries, [21,27-29,32,36,37,40] but with 7 different combinations of complications included in 

this endpoint and 7 different time intervals with most (50%) registries reporting on 1-year MACE. 

[28,29,36,40] Reporting on other single outcomes also showed large variability, ranging from 3 to 40 

outcome variables per registry (Table S7A and S7B).  

In orthopaedic registries, revision surgery (for any cause) was the most frequently reported 

outcome, reported by 20 (77%) registries. [42-44,46,48,50-60,62,63,65] It was mostly reported as the 

revision rate or cumulative revision risk but at 30 different time-points up to 25 years, with the most 

common endpoint being the 1-year revision rate which was reported by 10 registries (38%).- 

[42,43,46,50-52,56,59,60,66] Specific reasons for revision were reported by 19 (73%) registries, [42-

44,46,48,50-57,59,60,62,63,65,66] but these reasons for revision varied between registries (eg, 

infection, loosening, component failure, etc). Patient reported outcome measurements (PROMs) were 

reported by 5 (19%) orthopaedic registries, [44,46,48,63,65] with a total of 8 different scores for knee 

surgery patients and 11 scores for hip surgery patients. All registries measuring PROMs reported pre-

operative PROMs, but post-operative PROMs were measured at different time-points up to 10-years 

postoperatively. Other outcomes (eg, renal failure, hip dislocation, deep venous thrombosis, etc) were 

inconsistently reported by 13 (50%) registries, [44,46,48,50,51,54-56,58,60,62,63,65] the majority (77%) 

reported on mortality- [44,50,51,55,56,58,60,62,63,65] (Table S7A and S7B). 

 

Domain “Safety & Performance”  

Public reporting on how feedback on eg, devices, hospitals, and surgeons is provided was reported by 3 

(15%) cardiovascular registries [21,29,36] (Table S8A and S8B). Managerial procedures to detect 

individual hospitals or specific devices using an outlier performance analysis based on benchmark 

thresholds was reported by 1 (5%) cardiovascular registry, the British Cardiovascular Intervention 

Society registry (BCIS). The outlier was defined using funnel plots, with 2 and 3 standard deviations. 

Outlier results regarding the timing of treatment (to assess any delay before treatment is delivered) 

compared between hospitals, as well as adverse outcomes per hospital, were publicly available. 

However, outlier reports on patients’ survival data per hospital were only disclosed confidentially to 

each hospital. No outlier reports for specific implants were reported by cardiovascular registries.  
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Public reporting on the frequency of feedback provided was reported by 14 (54%) orthopaedic 

registries. [42-44,46,48, 50,53,55,58,60,62,63,65,66] Most registries report that they provide annual 

feedback, while 2 registries (the Irish National Orthopaedic Register and the Swiss national registry for 

hip and knee replacement) do so both annually and quarterly. The majority provided feedback both at 

the hospital level and for individual devices. Details of outlier procedures including statistical testing 

were reported by 8 (31%) registries, of which 3 reported solely on outlier devices, [59,60,66] 2 solely on 

outlier hospitals, [58,62] 1 on outlier devices and hospitals, [65] and 2 on outlier devices, hospitals, and 

surgeons. [50,63] Outlier procedures were mostly publicly available. No registries shared the same 

definition of an outlier (eg, above the 95% control limit in the funnel plot versus revision rates of more 

than twice compared to the relevant group). Overall, in all annual reports, a total of 95 total hip 

arthroplasty (THA) component combinations, 3 THA cups, 2 THA stems, and 24 total knee arthroplasty 

(TKA) implants were identified by these 8 registries as outlier implants. Overall, registries all identified 

different outlier implants, with only 1 outlier implant (a THA component combination) identified by 

more than 1 registry. 

 

Discussion  

In this systematic review we have evaluated structural and methodological characteristics as well as the 

data quality of 46 European cardiovascular and orthopaedic medical device registries, in an attempt to 

gain insight into the usability of these data sources for regulatory purposes. Medical device registries are 

potentially well suited for post-market surveillance as they may collect data from unselected patient 

populations and monitor safety and performance throughout the lifetime of specific devices. However, 

we found heterogeneity and incomplete transparency in quality items related to their structure and 

methodology, implying that it would be difficult currently for registries to agree upon common 

principles, to report the information needed by regulators to judge the quality of their data, and to 

collect and report comparable information across Europe.  

The European Union (EU) has regulatory requirements relating to the PMCF of medical devices. 

[67-69] As stated by the MDR in Article 83, manufacturers have to set up, document, maintain, and 

update a post-market surveillance system for each device, in which relevant data on the quality, 

performance, and safety of an implant are evaluated, directly after Conformité Européenne (CE) 

approval and throughout the entire expected lifetime of a device. [68] To allow for lifetime evaluation 

and benchmarking of implants, registries need clearly defined methods to detect outliers and to report 

safety concerns for specific implants, but these were reported by only 5% of the cardiovascular and 31% 

of the orthopaedic registries that were included in this systematic review. Even more, none of the 

registries used the same definition, making it difficult for manufacturers, regulators, but also patients to 

assess whether the device performs worse in all or only in some settings. Furthermore, four orthopaedic 

registries identified >100 components and combinations of implants as outliers, with only one outlier 

implant identified by more than one registry, which may partly result from the different definitions used 
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from the fact that and that not all implants are used in all countries and/or regions and thereby included 

in the registry.  

Another way to enable benchmarking of implants across registries is to implement objective 

performance classification systems such as the Orthopaedic Data Evaluation Panel (ODEP). The ODEP 

rating provides benchmarks for orthopaedic prostheses (hip, knee, and shoulder implants) based on the 

number of years for which the product has been monitored and on the strength of the evidence 

provided by different data sources, including registry data, randomized controlled trials, peer-reviewed 

publications, podium presentations, and manufacturers’ in-house data sources. [70,71] The ODEP rating 

can be considered as an absolute benchmark to identify if implants meet the benchmark criteria, 

whereas others have suggested relative benchmark approaches within a given registry eg, comparing 

with the best implant construct [72-75] or with all other similar implants.[8]  

The MDR in Article 108 states that registries need to establish common principles, so that they 

can collect comparable information and thereby contribute to the independent evaluation of the long-

term safety and performance of devices.[69] They need to capture the same outcomes, based on the 

same definitions and the same durations of follow-up, before they can be used to benchmark devices 

and pool data for early detection of safety concerns. Current European device registries do not meet 

these recommended principles, however, since our systematic review showed large heterogeneity 

between recorded outcomes, definitions of outcome variables, and time-points for follow-up. 

Comparable findings were reported by a recent study of the quality of cardiac registries across all 

subspecialties of cardiac care, in which several registries gave explicit definitions for only a low 

percentage of variables.[76] Similar findings were also observed for orthopaedic registries, with 

considerable heterogeneity in captured outcomes and definitions used for revision procedures.[77-79] 

Another aspect to consider before outcomes across registries can be pooled, is whether registries use 

the same implant library to classify implants by relevant device characteristics.[80] The European 

Medical Device nomenclature is a generic classification intended for this purpose, but more detailed 

libraries are used by registries to capture their specialty-specific characteristics as well. For orthopaedic 

devices for instance, the International Society of Arthroplasty Registers (ISAR) has proposed a global 

registry library in 2019 to ensure the same classification of orthopaedic devices across registries.[80] 

Also, this problem of using different implant libraries can be solved if registries document the unique 

device identifier for each implant.  

In combination, these findings highlight the importance of international agreement on 

definitions of data and outcomes, as well as time-points used for measuring outcomes within registries. 

This might be reached by developing consensus frameworks to achieve common datasets that must be 

captured by registries [81] such as the clinical outcome endpoints in heart failure trials created by the 

European Society of Cardiology Heart Failure Association, the common dataset for acute coronary 

syndromes and percutaneous coronary interventions created by the EuroHeart data science group, the 

benchmarking document for hip and knee arthroplasties by the ISAR, and the common dataset for 
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demographics and implant survival following THA by the Nordic Arthroplasty Register Association.[82-

85]  

In addition to these common data specifications, the IMDRF states that registries should include 

at least 95% of all patients receiving a device, to have sufficiently robust highquality data to inform 

regulatory decisions.[1] As shown in our systematic review, patient/procedure-level completeness was 

not reported publicly by any of the cardiovascular registries, but it was available for the majority (65%) 

of orthopaedic registries. Of the latter only 11 of 13 orthopaedic registries reported recent data (2018 

and beyond) that reached a patient/procedure-level completeness of 95% or above. Similar findings 

were shown for European THA and TKA registries by Lübbeke et al, with 67% reporting patient-level 

completeness, [79] and for cardiovascular registries, of which the majority had data completeness below 

50% or not available.[76]  

Making it mandatory to enroll all patients in a registry would help to increase 

patient/procedure-level completeness.[86] In this systematic review, however, none of the mandatory 

cardiovascular registries and only 75% of the mandatory orthopaedic registries reported 

patient/procedure-level completeness. Since completeness of patients is often checked against 

electronic medical records, it could also help to automatically populate certain data fields regarding 

patient and implant characteristics from the electronic medical records, so that less information needs 

to be entered by medical professionals, thereby preventing data loss as well as double data entry. 

However, rather than considering single items that on their own will contribute to higher quality data, 

the quality of the evidence provided by registry data is ultimately determined by the combination of 

multiple factors.  

The strength of this systematic review is its’ comprehensiveness. We updated the search 

strategy used by Niederländer et al, [18] and expanded it with support from an experienced librarian. In 

addition, experts in the field (cardiologists and orthopaedic surgeons) were consulted, resulting in the 

addition of two cardiovascular registries. Furthermore, European orthopaedic registries listed on the 

EFORT – NORE-website were checked for their eligibility, resulting in an additional six orthopaedic 

registries and the completeness of included European cardiovascular registries as well as orthopaedic 

registries was checked by experts in the relevant field. Thus the likelihood of missing relevant registries 

is very low. However, some limitations remain. Firstly, we relied on publicly available information 

regarding registries’ structure and methodological characteristics as well as outcomes, which means that 

some items that we did not find may have been available if we had approached each registry directly. 

Therefore, the regulatory utility of the data generated by some registries may be higher than that found 

by this analysis. Secondly, this systematic review only focuses on cardiovascular and orthopaedic 

registries, because they represent the most commonly used high-risk medical devices aiming to reduce 

patients’ mortality and morbidity.[87] However, the items used to determine the regulatory utility of 

these registries would also be applicable to other (high-risk) medical device registries.  
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An overview of publicly available information, as summarized in this systematic review, 

demonstrates the transparency of European cardiovascular and orthopaedic medical device registries 

and what information could already be available for regulators. We have proposed characteristics that 

can be used to interpret whether the data provided by registries are of sufficient quality, and we have 

identified registries that had an active/accessible website at the time of study selection and/or that 

published at least one paper or annual report between 2013 and 2021. No data were collected since 

2018 were available for 35% of these registries (shown in Table), and so there is a chance that some are 

no longer active and thereby would not be able to contribute evidence for regulatory purposes. 

However, the cut-off point to define an active registry was arbitrary and we therefore highlighted that 

the median of items reported across all domains among active registries was higher than items reported 

across all registries combined (ie, both “active” and “in-active” labelled registries). 

 

Conclusion  

This systematic review showed large heterogeneity and incomplete public transparency related to 

structure and methodological characteristics of the registries that were reviewed, which implies that it 

would be difficult to combine and judge the regulatory utility of data reported by registries. Effort is 

needed from registries to agree upon a minimum set of quality criteria that all registries should publicly 

report to provide information needed by regulators to judge the quality of registry data and use them 

for medical device safety surveillance. Developing comprehensive and trustworthy medical device 

registries will be tremendously valuable, not only for manufacturers to meet the requirements of the 

MDR for PMCF of their devices, but also for healthcare professionals and patients to support evidence-

based choices of devices and contribute to their long-term safety and efficacy. 
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Supplementary file 1 

Centre for Reviews and Dissemination York – Orthopaedic registries 

(2013 OR 2014 OR 2015 OR 2016 OR 2017 OR 2018 OR 2019 OR 2020 OR 2021 OR 2022) 

 

(("Hip" OR "hips" OR "Knee" OR "knees" OR "Shoulder" OR "Shoulders" OR "Ankle" OR "ankles") 

AND ("Prosthesis" OR "Prostheses" OR "Implants" OR "Implant" OR "replacement" OR "replacements" 

OR "arthroplasty" OR "arthroplast*") AND ("Register" OR "registers" OR "registry" OR "registries")) 

 

Centre for Reviews and Dissemination York – Cardiovascular registries 

(2013 OR 2014 OR 2015 OR 2016 OR 2017 OR 2018 OR 2019 OR 2020 OR 2021 OR 2022) 

 

(("cardiac implantable electronic device" OR "artificial heart pacemaker" OR "pacemaker" OR 

"pacemakers" OR "Artificial Heart" OR "artificial heart" OR "artificial hearts" OR "Heart Assist Device" 

OR "Artificial Heart" OR "Artificial Ventricle" OR "Artificial Ventricles" OR "Heart Assist Device" OR 

"Heart Assist Devices" OR "Heart Assist Pump" OR "Heart Assist Pumps" OR "Vascular Assist Device" 

OR "Vascular Assist Devices" OR "Ventricle Assist Device" OR "Ventricle Assist Devices" OR 

"Ventricular Assist Device" OR "Ventricular Assist Devices" OR "Heart Valve Prosthesis" OR "Heart 

Valve Prosthesis" OR "Heart Valve Prosthesis" OR "Cardiac Valve Prosthesis" OR "Cardiac Valve 

Prostheses" OR "Heart Prosthesis" OR "Heart Prosthesis" OR "Cardiac Prosthesis" OR "Cardiac 

Prostheses" OR "artificial heart valves" OR "artificial heart valve" OR "artificial valves" OR "artificial 

valves" OR "Implantable Defibrillator" OR "Implantable Defibrillator" OR "Implantable Defibrillators" 

OR "Implantable Cardioverter Defibrillator" OR "Implantable Cardioverter Defibrillators" OR 

"bioresorbable vascular stent" OR "bioresorbable vascular scaffold" OR "bioresorbable vascular 

scaffolds" OR "transcatheter aortic valve implantation" OR "transcatheter aortic valve implantation" OR 

"transcatheter aortic valve implant" OR "transcatheter aortic valve implants" OR "TAVI" OR "transseptal 

mitral valve-in-ring" OR "TMVR" OR "LAAOC") AND ("Register" OR "registers" OR "registry" OR 
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"registries")) OR (("Heart" OR "cardiac") AND ("Prosthesis" OR "Prostheses" OR "Implants" OR "Implant" 

OR "replacement" OR "replacements") AND ("Register" OR "registers" OR "registry" OR "registries")) 

Cochrane library – Orthopaedic registries (("Hip Replacement" OR "Hip Prosthesis" OR "hip 

replacement" OR "hip replacement*" OR "hip arthroplasty" OR "hip arthroplast*" OR "hip prosthesis" 

OR "hip prosthe*" OR "THA" OR "THR" OR "hip implant" OR "hip implants" OR "Knee Replacement" OR 

"Knee Prosthesis" OR "knee replacement" OR "knee replacement*" OR "knee arthroplasty" OR "knee 

arthroplast*" OR "knee prosthesis" OR "knee prosthe*" OR "TKA" OR "TKR" OR "knee implant" OR "knee 

implants" OR "Shoulder Replacement" OR "Shoulder Prosthesis" OR "shoulder replacement" OR 

"shoulder replacement*" OR "shoulder arthroplasty" OR "shoulder arthroplast*" OR "shoulder 

prosthesis" OR "shoulder prosthe*" OR "shoulder implant" OR "knee implants" OR "Ankle Replacement" 

OR "Ankle Prosthesis" OR "ankle replacement" OR "ankle replacement*" OR "ankle arthroplasty" OR 

"ankle arthroplast*" OR "ankle prosthesis" OR "ankle prosthe*" OR "ankle implant" OR "ankle implants" 

OR (("Hip" OR "hip" OR "hips" OR "Knee" OR "knee" OR "knees" OR "Shoulder" OR "Shoulder" OR 

"Shoulders" OR "Ankle" OR "ankle" OR 

"ankles") AND ("Prosthesis" OR "Prostheses" OR "Prosthesis" OR "Implants" OR "Implant" OR 

"replacement" OR "replacements" OR "arthroplasty" OR "arthroplast*"))) AND ("Register" OR "register" 

OR "registers" OR "registry" OR "registries") AND ("European Union" OR "European Union" OR 

"European Community" OR "European Coal and Steel Community" OR "Common Market" OR "EEC" 

OR "European Economic Community" OR "European Common Market" OR "European Economic Area" 

OR "Europe" OR "Albania" OR "Andorra" OR "Armenia" OR "Armenia" OR "Austria" OR "Azerbaijan" 

OR "Republic of Belarus" OR "Belgium" OR "Bosnia and Herzegovina" OR "Bulgaria" OR "Croatia" 

OR "Czech Republic" OR "Denmark" OR "England" OR "Estonia" OR "Finland" OR "France" OR 

"Georgia" OR "Germany" OR "Gibraltar" OR "Greece" OR "Hungary" OR "Iceland" OR "Ireland" OR 

"Italy" OR "Kazakhstan" OR "Kosovo" OR "Kyrgyzstan" OR "Latvia" OR "Liechtenstein" OR 

"Lithuania" OR "Luxembourg" OR "Malta" OR "Moldova" OR "Monaco" OR "Montenegro" OR 

"Netherlands" OR "Republic of North Macedonia" OR "Northern Ireland" OR "Norway" OR "Poland" 

OR "Portugal" OR "Romania" OR "Russia" OR "San Marino" OR "Scotland" OR "Serbia" OR 

"Slovakia" OR "Slovenia" OR "Spain" OR "Sweden" OR "Switzerland" OR "Turkey" OR "Ukraine" OR 

"United Kingdom" OR "Uzbekistan" OR "Vatican City" OR "Wales" OR "Albanian" OR "Armenian" OR 

"Austrian" OR "Belgian" OR "Bosnian" OR "Bulgarian" OR "Croatian" OR "Czech" OR "Danish" OR 

"British" OR "Estonian" OR "Finnish" OR "French" OR "Georgian" OR "German" OR "Greek" OR 
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"Hungarian" OR "Icelandic" OR "Irish" OR "Italian" OR "Kosovan" OR "Latvian" OR "Lithuanian" OR 

"Moldovan" OR "Dutch" OR "Macedonian" OR "Norwegian" OR "Polish" OR "Romanian" OR 

"Russian" OR "Scottish" OR "Serbian" OR "Slovakian" OR "Slovenian" OR "Spanish" OR "Swedish" 

OR "Swiss" OR "Turkish" OR "Ukrainian" OR "Welsh")):ti,ab,kw AND (2013 OR 2014 OR 2015 OR 2016 OR 

2017 OR 2018 OR 2019 OR 2020 OR 2021 OR 2022).yr 

 

Cochrane library – Cardiovascular registries 

(("cardiac implantable electronic device" OR "artificial heart pacemaker" OR "pacemaker" OR 

"pacemakers" OR "Artificial Heart" OR "artificial heart" OR "artificial hearts" OR "Heart Assist Device" 

OR "Artificial Heart" OR "Artificial Ventricle" OR "Artificial Ventricles" OR "Heart Assist Device" OR 

"Heart Assist Devices" OR "Heart Assist Pump" OR "Heart Assist Pumps" OR "Vascular Assist Device" 

OR "Vascular Assist Devices" OR "Ventricle Assist Device" OR "Ventricle Assist Devices" OR 

"Ventricular Assist Device" OR "Ventricular Assist Devices" OR "Heart Valve Prosthesis" OR "Heart 

Valve Prosthesis" OR "Heart Valve Prosthesis" OR "Cardiac Valve Prosthesis" OR "Cardiac Valve 

Prostheses" OR "Heart Prosthesis" OR "Heart Prosthesis" OR "Cardiac Prosthesis" OR "Cardiac 

Prostheses" OR "artificial heart valves" OR "artificial heart valve" OR "artificial valves" OR "artificial 

valves" OR "Implantable Defibrillator" OR "Implantable Defibrillator" OR "Implantable Defibrillators" 

OR "Implantable Cardioverter Defibrillator" OR "Implantable Cardioverter Defibrillators" OR 

"bioresorbable vascular stent" OR "bioresorbable vascular scaffold" OR "bioresorbable vascular 

scaffolds" OR "transcatheter aortic valve implantation" OR "transcatheter aortic valve implantation" OR 

"transcatheter aortic valve implant" OR "transcatheter aortic valve implants" OR "TAVI" OR "transseptal 

mitral valve-in-ring" OR "TMVR" OR "LAAOC" OR (("Heart" OR "heart" OR "cardiac") AND 

("Prosthesis" OR "Prostheses" OR "Prosthesis" OR "Implants" OR "Implant" OR "replacement" OR 

"replacements"))) AND ("Register" OR "register" OR "registers" OR "registry" OR "registries") AND 

("European Union" OR "European Union" OR "European Community" OR "European Coal and Steel 

Community" OR "Common Market" OR "EEC" OR "European Economic Community" OR "European 

Common Market" OR "European Economic Area" OR "Europe" OR "Albania" OR "Andorra" OR 

"Armenia" OR "Armenia" OR "Austria" OR "Azerbaijan" OR "Republic of Belarus" OR "Belgium" OR 
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"Bosnia and Herzegovina" OR "Bulgaria" OR "Croatia" OR "Czech Republic" OR "Denmark" OR 

"England" OR "Estonia" OR "Finland" OR "France" OR "Georgia" OR "Germany" OR "Gibraltar" OR 

"Greece" OR "Hungary" OR "Iceland" OR "Ireland" OR "Italy" OR "Kazakhstan" OR "Kosovo" OR 

"Kyrgyzstan" OR "Latvia" OR "Liechtenstein" OR "Lithuania" OR "Luxembourg" OR "Malta" OR 

"Moldova" OR "Monaco" OR "Montenegro" OR "Netherlands" OR "Republic of North Macedonia" OR 

"Northern Ireland" OR "Norway" OR "Poland" OR "Portugal" OR "Romania" OR "Russia" OR "San 

Marino" OR "Scotland" OR "Serbia" OR "Slovakia" OR "Slovenia" OR "Spain" OR "Sweden" OR 

"Switzerland" OR "Turkey" OR "Ukraine" OR "United Kingdom" OR "Uzbekistan" OR "Vatican City" 

OR "Wales" OR "Albanian" OR "Armenian" OR "Austrian" OR "Belgian" OR "Bosnian" OR 

"Bulgarian" OR "Croatian" OR "Czech" OR "Danish" OR "British" OR "Estonian" OR "Finnish" OR 

"French" OR "Georgian" OR "German" OR "Greek" OR "Hungarian" OR "Icelandic" OR "Irish" OR 

"Italian" OR "Kosovan" OR "Latvian" OR "Lithuanian" OR "Moldovan" OR "Dutch" OR "Macedonian" 

OR "Norwegian" OR "Polish" OR "Romanian" OR "Russian" OR "Scottish" OR "Serbian" OR 

"Slovakian" OR "Slovenian" OR "Spanish" OR "Swedish" OR "Swiss" OR "Turkish" OR "Ukrainian" 

OR "Welsh")):ti,ab,kw AND (2013 OR 2014 OR 2015 OR 2016 OR 2017 OR 2018 OR 2019 OR 2020 OR 

2021 OR 2022).yr 

 

Embase – Orthopaedic registries 

(((exp *"Hip Replacement"/ OR exp *"Hip Prosthesis"/ OR "hip replacement".ti OR "hip 

replacement*".ti OR "hip arthroplasty".ti OR "hip arthroplast*".ti OR "hip prosthesis".ti OR "hip 

prosthe*".ti OR "THA".ti OR "THR".ti OR "hip implant".ti OR "hip implants".ti OR exp *"Knee 

Replacement"/ OR exp *"Knee Prosthesis"/ OR "knee replacement".ti OR "knee replacement*".ti OR 

"knee arthroplasty".ti OR "knee arthroplast*".ti OR "knee prosthesis".ti OR "knee prosthe*".ti OR 

"TKA".ti OR "TKR".ti OR "knee implant".ti OR "knee implants".ti OR exp *"Shoulder Replacement"/ 

OR exp *"Shoulder Prosthesis"/ OR "shoulder replacement".ti OR "shoulder replacement*".ti OR 

"shoulder arthroplasty".ti OR "shoulder arthroplast*".ti OR "shoulder prosthesis".ti OR "shoulder 

prosthe*".ti OR "shoulder implant".ti OR "knee implants".ti OR exp *"Ankle Replacement"/ OR "Ankle 

Prosthesis"/ OR "ankle replacement".ti OR "ankle replacement*".ti OR "ankle arthroplasty".ti OR "ankle 
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arthroplast*".ti OR "ankle prosthesis".ti OR "ankle prosthe*".ti OR "ankle implant".ti OR "ankle 

implants".ti OR ((exp *"Hip"/ OR "hip".ti OR "hips".ti OR exp *"Knee"/ OR "knee".ti OR "knees".ti OR 

exp *"Shoulder"/ OR "Shoulder".ti OR "Shoulders".ti OR exp *"Ankle"/ OR "ankle".ti OR "ankles".ti) 

AND (exp *"Prosthesis"/ OR "Prostheses".ti OR "Prosthesis".ti OR "Implants".ti OR "Implant".ti OR 

"replacement".ti OR "replacements".ti OR "arthroplasty".ti OR "arthroplast*".ti))) AND (exp "Register"/ 

OR "register".ti,ab OR "registers".ti,ab OR "registry".ti,ab OR "registries".ti,ab OR "register".in OR 

"registers".in OR "registry".in OR "registries".in) AND (exp "European Union"/ OR "European 

Union".ti,ab OR "European Community".ti,ab OR "European Coal and Steel Community".ti,ab OR 

"Common Market".ti,ab OR "EEC".ti,ab OR "European Economic Community".ti,ab OR "European 

Common Market".ti,ab OR "European Economic Area".ti,ab OR exp "Europe"/ OR "Albania"/ OR 

"Andorra"/ OR "Armenia"/ OR "Armenia"/ OR "Austria"/ OR "Azerbaijan"/ OR "Republic of Belarus"/ 

OR "Belgium"/ OR "Bosnia and Herzegovina"/ OR "Bulgaria"/ OR "Croatia"/ OR "Czech Republic"/ OR 

"Denmark"/ OR "England"/ OR "Estonia"/ OR "Finland"/ OR "France"/ OR "Georgia"/ OR "Germany"/ 

OR "Gibraltar"/ OR "Greece"/ OR "Hungary"/ OR "Iceland"/ OR "Ireland"/ OR "Italy"/ OR 

"Kazakhstan"/ OR "Kosovo"/ OR "Kyrgyzstan"/ OR "Latvia"/ OR "Liechtenstein"/ OR "Lithuania"/ OR 

"Luxembourg"/ OR "Malta"/ OR "Moldova"/ OR "Monaco"/ OR "Montenegro"/ OR "Netherlands"/ OR 

"Republic of North Macedonia"/ OR "Northern Ireland"/ OR "Norway"/ OR "Poland"/ OR "Portugal"/ 

OR "Romania"/ OR "Russia"/ OR "San Marino"/ OR "Scotland"/ OR "Serbia"/ OR "Slovakia"/ OR 

"Slovenia"/ OR "Spain"/ OR "Sweden"/ OR "Switzerland"/ OR "Turkey"/ OR "Ukraine"/ OR "United 

Kingdom"/ OR "Uzbekistan"/ OR "Vatican City"/ OR "Wales"/ OR "Europe".ti,ab OR "European".ti,ab 

OR "Albania".ti,ab OR "Andorra".ti,ab OR "Armenia".ti,ab OR "Armenia".ti,ab OR "Austria".ti,ab OR 

"Azerbaijan".ti,ab OR "Belarus".ti,ab OR "Belgium".ti,ab OR "Bosnia".ti,ab OR "Bulgaria".ti,ab OR 

"Croatia".ti,ab OR "Czech Republic".ti,ab OR "Denmark".ti,ab OR "England".ti,ab OR "Estonia".ti,ab 

OR "Finland".ti,ab OR "France".ti,ab OR "Georgia".ti,ab OR "Germany".ti,ab OR "Gibraltar".ti,ab OR 

"Greece".ti,ab OR "Herzegovina".ti,ab OR "Hungary".ti,ab OR "Iceland".ti,ab OR "Ireland".ti,ab OR 

"Italy".ti,ab OR "Kazakhstan".ti,ab OR "Kosovo".ti,ab OR "Kyrgyzstan".ti,ab OR "Latvia".ti,ab OR 

"Liechtenstein".ti,ab OR "Lithuania".ti,ab OR "Luxembourg".ti,ab OR "Malta".ti,ab OR "Moldova".ti,ab 

OR "Monaco".ti,ab OR "Montenegro".ti,ab OR "Netherlands".ti,ab OR "North Macedonia".ti,ab OR 
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"Northern Ireland".ti,ab OR "Norway".ti,ab OR "Poland".ti,ab OR "Portugal".ti,ab OR "Romania".ti,ab 

OR "Russia".ti,ab OR "San Marino".ti,ab OR "Scotland".ti,ab OR "Serbia".ti,ab OR "Slovakia".ti,ab OR 

"Slovenia".ti,ab OR "Spain".ti,ab OR "Sweden".ti,ab OR "Switzerland".ti,ab OR "Turkey".ti,ab OR 

"Ukraine".ti,ab OR "United Kingdom".ti,ab OR "Uzbekistan".ti,ab OR "Vatican City".ti,ab OR 

"Wales".ti,ab OR "Albanian".ti,ab OR "Armenian".ti,ab OR "Austrian".ti,ab OR "Belgian".ti,ab OR 

"Bosnian".ti,ab OR "Bulgarian".ti,ab OR "Croatian".ti,ab OR "Czech".ti,ab OR "Danish".ti,ab OR 

"British".ti,ab OR "Estonian".ti,ab OR "Finnish".ti,ab OR "French".ti,ab OR "Georgian".ti,ab OR 

"German".ti,ab OR "Greek".ti,ab OR "Hungarian".ti,ab OR "Icelandic".ti,ab OR "Irish".ti,ab OR 

"Italian".ti,ab OR "Kosovan".ti,ab OR "Latvian".ti,ab OR "Lithuanian".ti,ab OR "Moldovan".ti,ab OR 

"Dutch".ti,ab OR "Macedonian".ti,ab OR "Norwegian".ti,ab OR "Polish".ti,ab OR "Romanian".ti,ab OR 

"Russian".ti,ab OR "Scottish".ti,ab OR "Serbian".ti,ab OR "Slovakian".ti,ab OR "Slovenian".ti,ab OR 

"Spanish".ti,ab OR "Swedish".ti,ab OR "Swiss".ti,ab OR "Turkish".ti,ab OR "Ukrainian".ti,ab OR 

"Welsh".ti,ab)) OR ((exp *"Hip Replacement"/ OR exp *"Hip Prosthesis"/ OR "hip replacement".ti,ab 

OR "hip replacement*".ti,ab OR "hip arthroplasty".ti,ab OR "hip arthroplast*".ti,ab OR "hip 

prosthesis".ti,ab OR "hip prosthe*".ti,ab OR "THA".ti,ab OR "THR".ti,ab OR "hip implant".ti,ab OR "hip 

implants".ti,ab OR exp *"Knee Replacement"/ OR exp *"Knee Prosthesis"/ OR "knee replacement".ti,ab 

OR "knee replacement*".ti,ab OR "knee arthroplasty".ti,ab OR "knee arthroplast*".ti,ab OR "knee 

prosthesis".ti,ab OR "knee prosthe*".ti,ab OR "TKA".ti,ab OR "TKR".ti,ab OR "knee implant".ti,ab OR 

"knee implants".ti,ab OR exp *"Shoulder Replacement"/ OR exp *"Shoulder Prosthesis"/ OR "shoulder 

replacement".ti,ab OR "shoulder replacement*".ti,ab OR "shoulder arthroplasty".ti,ab OR "shoulder 

arthroplast*".ti,ab OR "shoulder prosthesis".ti,ab OR "shoulder prosthe*".ti,ab OR "shoulder 

implant".ti,ab OR "knee implants".ti,ab OR exp *"Ankle Replacement"/ OR "Ankle Prosthesis"/ OR 

"ankle replacement".ti,ab OR "ankle replacement*".ti,ab OR "ankle arthroplasty".ti,ab OR "ankle 

arthroplast*".ti,ab OR "ankle prosthesis".ti,ab OR "ankle prosthe*".ti,ab OR "ankle implant".ti,ab OR 

"ankle implants".ti,ab OR ((exp *"Hip"/ OR "hip".ti,ab OR "hips".ti,ab OR exp *"Knee"/ OR "knee".ti,ab 

OR "knees".ti,ab OR exp *"Shoulder"/ OR "Shoulder".ti,ab OR "Shoulders".ti,ab OR exp *"Ankle"/ OR 

"ankle".ti,ab OR "ankles".ti,ab) AND (exp *"Prosthesis"/ OR "Prostheses".ti,ab OR "Prosthesis".ti,ab OR 

"Implants".ti,ab OR "Implant".ti,ab OR "replacement".ti,ab OR "replacements".ti,ab OR 
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"arthroplasty".ti,ab OR "arthroplast*".ti,ab))) AND (exp *"Register"/ OR "register".ti OR "registers".ti 

OR "registry".ti OR "registries".ti OR "register".in OR "registers".in OR "registry".in OR "registries".in) 

AND (exp "European Union"/ OR "European Union".ti,ab OR "European Community".ti,ab OR 

"European Coal and Steel Community".ti,ab OR "Common Market".ti,ab OR "EEC".ti,ab OR "European 

Economic Community".ti,ab OR "European Common Market".ti,ab OR "European Economic Area".ti,ab 

OR exp "Europe"/ OR "Albania"/ OR "Andorra"/ OR "Armenia"/ OR "Armenia"/ OR "Austria"/ OR 

"Azerbaijan"/ OR "Republic of Belarus"/ OR "Belgium"/ OR "Bosnia and Herzegovina"/ OR "Bulgaria"/ 

OR "Croatia"/ OR "Czech Republic"/ OR "Denmark"/ OR "England"/ OR "Estonia"/ OR "Finland"/ OR 

"France"/ OR "Georgia"/ OR "Germany"/ OR "Gibraltar"/ OR "Greece"/ OR "Hungary"/ OR "Iceland"/ 

OR "Ireland"/ OR "Italy"/ OR "Kazakhstan"/ OR "Kosovo"/ OR "Kyrgyzstan"/ OR "Latvia"/ OR 

"Liechtenstein"/ OR "Lithuania"/ OR "Luxembourg"/ OR "Malta"/ OR "Moldova"/ OR "Monaco"/ OR 

"Montenegro"/ OR "Netherlands"/ OR "Republic of North Macedonia"/ OR "Northern Ireland"/ OR 

"Norway"/ OR "Poland"/ OR "Portugal"/ OR "Romania"/ OR "Russia"/ OR "San Marino"/ OR 

"Scotland"/ OR "Serbia"/ OR "Slovakia"/ OR "Slovenia"/ OR "Spain"/ OR "Sweden"/ OR "Switzerland"/ 

OR "Turkey"/ OR "Ukraine"/ OR "United Kingdom"/ OR "Uzbekistan"/ OR "Vatican City"/ OR 

"Wales"/ OR "Europe".ti,ab OR "European".ti,ab OR "Albania".ti,ab OR "Andorra".ti,ab OR 

"Armenia".ti,ab OR "Armenia".ti,ab OR "Austria".ti,ab OR "Azerbaijan".ti,ab OR "Belarus".ti,ab OR 

"Belgium".ti,ab OR "Bosnia".ti,ab OR "Bulgaria".ti,ab OR "Croatia".ti,ab OR "Czech Republic".ti,ab OR 

"Denmark".ti,ab OR "England".ti,ab OR "Estonia".ti,ab OR "Finland".ti,ab OR "France".ti,ab OR 

"Georgia".ti,ab OR "Germany".ti,ab OR "Gibraltar".ti,ab OR "Greece".ti,ab OR "Herzegovina".ti,ab OR 

"Hungary".ti,ab OR "Iceland".ti,ab OR "Ireland".ti,ab OR "Italy".ti,ab OR "Kazakhstan".ti,ab OR 

"Kosovo".ti,ab OR "Kyrgyzstan".ti,ab OR "Latvia".ti,ab OR "Liechtenstein".ti,ab OR "Lithuania".ti,ab 

OR "Luxembourg".ti,ab OR "Malta".ti,ab OR "Moldova".ti,ab OR "Monaco".ti,ab OR 

"Montenegro".ti,ab OR "Netherlands".ti,ab OR "North Macedonia".ti,ab OR "Northern Ireland".ti,ab OR 

"Norway".ti,ab OR "Poland".ti,ab OR "Portugal".ti,ab OR "Romania".ti,ab OR "Russia".ti,ab OR "San 

Marino".ti,ab OR "Scotland".ti,ab OR "Serbia".ti,ab OR "Slovakia".ti,ab OR "Slovenia".ti,ab OR 

"Spain".ti,ab OR "Sweden".ti,ab OR "Switzerland".ti,ab OR "Turkey".ti,ab OR "Ukraine".ti,ab OR 

"United Kingdom".ti,ab OR "Uzbekistan".ti,ab OR "Vatican City".ti,ab OR "Wales".ti,ab OR 



  

 D3.1 Decision framework to assess the performance of high-risk medical devices - 68 - 

"Albanian".ti,ab OR "Armenian".ti,ab OR "Austrian".ti,ab OR "Belgian".ti,ab OR "Bosnian".ti,ab OR 

"Bulgarian".ti,ab OR "Croatian".ti,ab OR "Czech".ti,ab OR "Danish".ti,ab OR "British".ti,ab OR 

"Estonian".ti,ab OR "Finnish".ti,ab OR "French".ti,ab OR "Georgian".ti,ab OR "German".ti,ab OR 

"Greek".ti,ab OR "Hungarian".ti,ab OR "Icelandic".ti,ab OR "Irish".ti,ab OR "Italian".ti,ab OR 

"Kosovan".ti,ab OR "Latvian".ti,ab OR "Lithuanian".ti,ab OR "Moldovan".ti,ab OR "Dutch".ti,ab OR 

"Macedonian".ti,ab OR "Norwegian".ti,ab OR "Polish".ti,ab OR "Romanian".ti,ab OR "Russian".ti,ab OR 

"Scottish".ti,ab OR "Serbian".ti,ab OR "Slovakian".ti,ab OR "Slovenian".ti,ab OR "Spanish".ti,ab OR 

"Swedish".ti,ab OR "Swiss".ti,ab OR "Turkish".ti,ab OR "Ukrainian".ti,ab OR "Welsh".ti,ab))) AND 

(2013 OR 2014 OR 2015 OR 2016 OR 2017 OR 2018 OR 2019 OR 2020 OR 2021 OR 2022).yr NOT 

(conference review or conference abstract).pt 

 

Embase – Cardiovascular registries 

(((exp *"cardiac implantable electronic device"/ OR exp *"artificial heart pacemaker"/ OR 

"pacemaker".ti 

OR "pacemakers".ti OR exp *"Artificial Heart"/ OR "artificial heart".ti OR "artificial hearts".ti OR exp 

*"Heart Assist Device"/ OR "Artificial Heart".ti OR "Artificial Ventricle".ti OR "Artificial Ventricles".ti 

OR "Heart Assist Device".ti OR "Heart Assist Devices".ti OR "Heart Assist Pump".ti OR "Heart Assist 

Pumps".ti OR "Vascular Assist Device".ti OR "Vascular Assist Devices".ti OR "Ventricle Assist 

Device".ti OR "Ventricle Assist Devices".ti OR "Ventricular Assist Device".ti OR "Ventricular Assist 

Devices".ti OR exp *"Heart Valve Prosthesis"/ OR "Heart Valve Prosthesis".ti OR "Heart Valve 

Prosthesis".ti OR "Cardiac Valve Prosthesis".ti OR "Cardiac Valve Prostheses".ti OR "Heart 

Prosthesis".ti OR "Heart Prosthesis".ti OR "Cardiac Prosthesis".ti OR "Cardiac Prostheses".ti OR 

"artificial heart valves".ti OR "artificial heart valve".ti OR "artificial valves".ti OR "artificial valves".ti 

OR exp *"Implantable Defibrillator"/ OR "Implantable Defibrillator".ti OR "Implantable Defibrillators".ti 

OR "Implantable Cardioverter Defibrillator".ti OR "Implantable Cardioverter Defibrillators".ti OR exp 

*"bioresorbable vascular stent"/ OR "bioresorbable vascular scaffold".ti OR "bioresorbable vascular 

scaffolds".ti OR exp *"transcatheter aortic valve implantation"/ OR "transcatheter aortic valve 

implantation".ti OR "transcatheter aortic valve implant".ti OR "transcatheter aortic valve implants".ti OR 



  

 D3.1 Decision framework to assess the performance of high-risk medical devices - 69 - 

"TAVI".ti OR "transseptal mitral valve-in-ring".ti OR "TMVR".ti OR "LAAOC".ti OR ((exp *"Heart"/ 

OR "heart".ti OR "cardiac".ti) AND (exp *"Prosthesis"/ OR "Prostheses".ti OR "Prosthesis".ti OR 

"Implants".ti OR "Implant".ti OR "replacement".ti OR "replacements".ti))) AND (exp "Register"/ OR 

"register".ti,ab OR "registers".ti,ab OR "registry".ti,ab OR "registries".ti,ab OR "register".in OR 

"registers".in OR "registry".in OR "registries".in) AND (exp "European Union"/ OR "European 

Union".ti,ab OR "European Community".ti,ab OR "European Coal and Steel Community".ti,ab OR 

"Common Market".ti,ab OR "EEC".ti,ab OR "European Economic Community".ti,ab OR "European 

Common Market".ti,ab OR "European Economic Area".ti,ab OR exp "Europe"/ OR "Albania"/ OR 

"Andorra"/ OR "Armenia"/ OR "Armenia"/ OR "Austria"/ OR "Azerbaijan"/ OR "Republic of Belarus"/ 

OR "Belgium"/ OR "Bosnia and Herzegovina"/ OR "Bulgaria"/ OR "Croatia"/ OR "Czech Republic"/ OR 

"Denmark"/ OR "England"/ OR "Estonia"/ OR "Finland"/ OR "France"/ OR "Georgia"/ OR "Germany"/ 

OR "Gibraltar"/ OR "Greece"/ OR "Hungary"/ OR "Iceland"/ OR "Ireland"/ OR "Italy"/ OR 

"Kazakhstan"/ OR "Kosovo"/ OR "Kyrgyzstan"/ OR "Latvia"/ OR "Liechtenstein"/ OR "Lithuania"/ OR 

"Luxembourg"/ OR "Malta"/ OR "Moldova"/ OR "Monaco"/ OR "Montenegro"/ OR "Netherlands"/ OR 

"Republic of North Macedonia"/ OR "Northern Ireland"/ OR "Norway"/ OR "Poland"/ OR "Portugal"/ 

OR "Romania"/ OR "Russia"/ OR "San Marino"/ OR "Scotland"/ OR "Serbia"/ OR "Slovakia"/ OR 

"Slovenia"/ OR "Spain"/ OR "Sweden"/ OR "Switzerland"/ OR "Turkey"/ OR "Ukraine"/ OR "United 

Kingdom"/ OR "Uzbekistan"/ OR "Vatican City"/ OR "Wales"/ OR "Europe".ti,ab OR "European".ti,ab 

OR "Albania".ti,ab OR "Andorra".ti,ab OR "Armenia".ti,ab OR "Armenia".ti,ab OR "Austria".ti,ab OR 

"Azerbaijan".ti,ab OR "Belarus".ti,ab OR "Belgium".ti,ab OR "Bosnia".ti,ab OR "Bulgaria".ti,ab OR 

"Croatia".ti,ab OR "Czech Republic".ti,ab OR "Denmark".ti,ab OR "England".ti,ab OR "Estonia".ti,ab 

OR "Finland".ti,ab OR "France".ti,ab OR "Georgia".ti,ab OR "Germany".ti,ab OR "Gibraltar".ti,ab OR 

"Greece".ti,ab OR "Herzegovina".ti,ab OR "Hungary".ti,ab OR "Iceland".ti,ab OR "Ireland".ti,ab OR 

"Italy".ti,ab OR "Kazakhstan".ti,ab OR "Kosovo".ti,ab OR "Kyrgyzstan".ti,ab OR "Latvia".ti,ab OR 

"Liechtenstein".ti,ab OR "Lithuania".ti,ab OR "Luxembourg".ti,ab OR "Malta".ti,ab OR "Moldova".ti,ab 

OR "Monaco".ti,ab OR "Montenegro".ti,ab OR "Netherlands".ti,ab OR "North Macedonia".ti,ab OR 

"Northern Ireland".ti,ab OR "Norway".ti,ab OR "Poland".ti,ab OR "Portugal".ti,ab OR "Romania".ti,ab 

OR "Russia".ti,ab OR "San Marino".ti,ab OR "Scotland".ti,ab OR "Serbia".ti,ab OR "Slovakia".ti,ab OR 
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"Slovenia".ti,ab OR "Spain".ti,ab OR "Sweden".ti,ab OR "Switzerland".ti,ab OR "Turkey".ti,ab OR 

"Ukraine".ti,ab OR "United Kingdom".ti,ab OR "Uzbekistan".ti,ab OR "Vatican City".ti,ab OR 

"Wales".ti,ab OR "Albanian".ti,ab OR "Armenian".ti,ab OR "Austrian".ti,ab OR "Belgian".ti,ab OR 

"Bosnian".ti,ab OR "Bulgarian".ti,ab OR "Croatian".ti,ab OR "Czech".ti,ab OR "Danish".ti,ab OR 

"British".ti,ab OR "Estonian".ti,ab OR "Finnish".ti,ab OR "French".ti,ab OR "Georgian".ti,ab OR 

"German".ti,ab OR "Greek".ti,ab OR "Hungarian".ti,ab OR "Icelandic".ti,ab OR "Irish".ti,ab OR 

"Italian".ti,ab OR "Kosovan".ti,ab OR "Latvian".ti,ab OR "Lithuanian".ti,ab OR "Moldovan".ti,ab OR 

"Dutch".ti,ab OR "Macedonian".ti,ab OR "Norwegian".ti,ab OR "Polish".ti,ab OR "Romanian".ti,ab OR 

"Russian".ti,ab OR "Scottish".ti,ab OR "Serbian".ti,ab OR "Slovakian".ti,ab OR "Slovenian".ti,ab OR 

"Spanish".ti,ab OR "Swedish".ti,ab OR "Swiss".ti,ab OR "Turkish".ti,ab OR "Ukrainian".ti,ab OR 

"Welsh".ti,ab)) OR ((exp *"cardiac implantable electronic device"/ OR exp *"artificial heart pacemaker"/ 

OR "pacemaker".ti,ab OR "pacemakers".ti,ab OR exp *"Artificial Heart"/ OR "artificial heart".ti,ab OR 

"artificial hearts".ti,ab OR exp *"Heart Assist Device"/ OR "Artificial Heart".ti,ab OR "Artificial 

Ventricle".ti,ab OR "Artificial Ventricles".ti,ab OR "Heart Assist Device".ti,ab OR "Heart Assist 

Devices".ti,ab OR "Heart Assist Pump".ti,ab OR "Heart Assist Pumps".ti,ab OR "Vascular Assist 

Device".ti,ab OR "Vascular Assist Devices".ti,ab OR "Ventricle Assist Device".ti,ab OR "Ventricle 

Assist Devices".ti,ab OR "Ventricular Assist Device".ti,ab OR "Ventricular Assist Devices".ti,ab OR exp 

*"Heart Valve Prosthesis"/ OR "Heart Valve Prosthesis".ti,ab OR "Heart Valve Prosthesis".ti,ab OR 

"Cardiac Valve Prosthesis".ti,ab OR "Cardiac Valve Prostheses".ti,ab OR "Heart Prosthesis".ti,ab OR 

"Heart Prosthesis".ti,ab OR "Cardiac Prosthesis".ti,ab OR "Cardiac Prostheses".ti,ab OR "artificial heart 

valves".ti,ab OR "artificial heart valve".ti,ab OR "artificial valves".ti,ab OR "artificial valves".ti,ab OR 

exp *"Implantable Defibrillator"/ OR "Implantable Defibrillator".ti,ab OR "Implantable 

Defibrillators".ti,ab OR "Implantable Cardioverter Defibrillator".ti,ab OR "Implantable Cardioverter 

Defibrillators".ti,ab OR exp *"bioresorbable vascular stent"/ OR "bioresorbable vascular scaffold".ti,ab 

OR "bioresorbable vascular scaffolds".ti,ab OR exp *"transcatheter aortic valve implantation"/ OR 

"transcatheter aortic valve implantation".ti,ab OR "transcatheter aortic valve implant".ti,ab OR 

"transcatheter aortic valve implants".ti,ab OR "TAVI".ti,ab OR "transseptal mitral valve-in-ring".ti,ab OR 

"TMVR".ti,ab OR "LAAOC".ti,ab OR ((exp *"Heart"/ OR "heart".ti,ab OR "cardiac".ti,ab) AND (exp 
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*"Prosthesis"/ OR "Prostheses".ti,ab OR "Prosthesis".ti,ab OR "Implants".ti,ab OR "Implant".ti,ab OR 

"replacement".ti,ab OR "replacements".ti,ab))) AND (exp *"Register"/ OR "register".ti OR "registers".ti 

OR "registry".ti OR "registries".ti OR "register".in OR "registers".in OR "registry".in OR "registries".in) 

AND (exp "European Union"/ OR "European Union".ti,ab OR "European Community".ti,ab OR 

"European Coal and Steel Community".ti,ab OR "Common Market".ti,ab OR "EEC".ti,ab OR "European 

Economic Community".ti,ab OR "European Common Market".ti,ab OR "European Economic Area".ti,ab 

OR exp "Europe"/ OR "Albania"/ OR "Andorra"/ OR "Armenia"/ OR "Armenia"/ OR "Austria"/ OR 

"Azerbaijan"/ OR "Republic of Belarus"/ OR "Belgium"/ OR "Bosnia and Herzegovina"/ OR "Bulgaria"/ 

OR "Croatia"/ OR "Czech Republic"/ OR "Denmark"/ OR "England"/ OR "Estonia"/ OR "Finland"/ OR 

"France"/ OR "Georgia"/ OR "Germany"/ OR "Gibraltar"/ OR "Greece"/ OR "Hungary"/ OR "Iceland"/ 

OR "Ireland"/ OR "Italy"/ OR "Kazakhstan"/ OR "Kosovo"/ OR "Kyrgyzstan"/ OR "Latvia"/ OR 

"Liechtenstein"/ OR "Lithuania"/ OR "Luxembourg"/ OR "Malta"/ OR "Moldova"/ OR "Monaco"/ OR 

"Montenegro"/ OR "Netherlands"/ OR "Republic of North Macedonia"/ OR "Northern Ireland"/ OR 

"Norway"/ OR "Poland"/ OR "Portugal"/ OR "Romania"/ OR "Russia"/ OR "San Marino"/ OR 

"Scotland"/ OR "Serbia"/ OR "Slovakia"/ OR "Slovenia"/ OR "Spain"/ OR "Sweden"/ OR "Switzerland"/ 

OR "Turkey"/ OR "Ukraine"/ OR "United Kingdom"/ OR "Uzbekistan"/ OR "Vatican City"/ OR 

"Wales"/ OR "Europe".ti,ab OR "European".ti,ab OR "Albania".ti,ab OR "Andorra".ti,ab OR 

"Armenia".ti,ab OR "Armenia".ti,ab OR "Austria".ti,ab OR "Azerbaijan".ti,ab OR "Belarus".ti,ab OR 

"Belgium".ti,ab OR "Bosnia".ti,ab OR "Bulgaria".ti,ab OR "Croatia".ti,ab OR "Czech Republic".ti,ab OR 

"Denmark".ti,ab OR "England".ti,ab OR "Estonia".ti,ab OR "Finland".ti,ab OR "France".ti,ab OR 

"Georgia".ti,ab OR "Germany".ti,ab OR "Gibraltar".ti,ab OR "Greece".ti,ab OR "Herzegovina".ti,ab OR 

"Hungary".ti,ab OR "Iceland".ti,ab OR "Ireland".ti,ab OR "Italy".ti,ab OR "Kazakhstan".ti,ab OR 

"Kosovo".ti,ab OR "Kyrgyzstan".ti,ab OR "Latvia".ti,ab OR "Liechtenstein".ti,ab OR "Lithuania".ti,ab 

OR "Luxembourg".ti,ab OR "Malta".ti,ab OR "Moldova".ti,ab OR "Monaco".ti,ab OR 

"Montenegro".ti,ab OR "Netherlands".ti,ab OR "North Macedonia".ti,ab OR "Northern Ireland".ti,ab OR 

"Norway".ti,ab OR "Poland".ti,ab OR "Portugal".ti,ab OR "Romania".ti,ab OR "Russia".ti,ab OR "San 

Marino".ti,ab OR "Scotland".ti,ab OR "Serbia".ti,ab OR "Slovakia".ti,ab OR "Slovenia".ti,ab OR 

"Spain".ti,ab OR "Sweden".ti,ab OR "Switzerland".ti,ab OR "Turkey".ti,ab OR "Ukraine".ti,ab OR 
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"United Kingdom".ti,ab OR "Uzbekistan".ti,ab OR "Vatican City".ti,ab OR "Wales".ti,ab OR 

"Albanian".ti,ab OR "Armenian".ti,ab OR "Austrian".ti,ab OR "Belgian".ti,ab OR "Bosnian".ti,ab OR 

"Bulgarian".ti,ab OR "Croatian".ti,ab OR "Czech".ti,ab OR "Danish".ti,ab OR "British".ti,ab OR 

"Estonian".ti,ab OR "Finnish".ti,ab OR "French".ti,ab OR "Georgian".ti,ab OR "German".ti,ab OR 

"Greek".ti,ab OR "Hungarian".ti,ab OR "Icelandic".ti,ab OR "Irish".ti,ab OR "Italian".ti,ab OR 

"Kosovan".ti,ab OR "Latvian".ti,ab OR "Lithuanian".ti,ab OR "Moldovan".ti,ab OR "Dutch".ti,ab OR 

"Macedonian".ti,ab OR "Norwegian".ti,ab OR "Polish".ti,ab OR "Romanian".ti,ab OR "Russian".ti,ab OR 

"Scottish".ti,ab OR "Serbian".ti,ab OR "Slovakian".ti,ab OR "Slovenian".ti,ab OR "Spanish".ti,ab OR 

"Swedish".ti,ab OR "Swiss".ti,ab OR "Turkish".ti,ab OR "Ukrainian".ti,ab OR "Welsh".ti,ab))) AND 

(2013 OR 2014 OR 2015 OR 2016 OR 2017 OR 2018 OR 2019 OR 2020 OR 2021 OR 2022).yr NOT 

(conference review or conference abstract).pt 

 

Emcare – Orthopaedic registries 

(((exp *"Hip Replacement"/ OR exp *"Hip Prosthesis"/ OR "hip replacement".ti OR "hip 

replacement*".ti OR "hip arthroplasty".ti OR "hip arthroplast*".ti OR "hip prosthesis".ti OR "hip 

prosthe*".ti OR "THA".ti OR "THR".ti OR "hip implant".ti OR "hip implants".ti OR exp *"Knee 

Replacement"/ OR exp *"Knee Prosthesis"/ OR "knee replacement".ti OR "knee replacement*".ti OR 

"knee arthroplasty".ti OR "knee arthroplast*".ti OR "knee prosthesis".ti OR "knee prosthe*".ti OR 

"TKA".ti OR "TKR".ti OR "knee implant".ti OR "knee implants".ti OR exp *"Shoulder Replacement"/ 

OR exp *"Shoulder Prosthesis"/ OR "shoulder replacement".ti OR "shoulder replacement*".ti OR 

"shoulder arthroplasty".ti OR "shoulder arthroplast*".ti OR "shoulder prosthesis".ti OR "shoulder 

prosthe*".ti OR "shoulder implant".ti OR "knee implants".ti OR exp *"Ankle Replacement"/ OR "Ankle 

Prosthesis"/ OR "ankle replacement".ti OR "ankle replacement*".ti OR "ankle arthroplasty".ti OR "ankle 

arthroplast*".ti OR "ankle prosthesis".ti OR "ankle prosthe*".ti OR "ankle implant".ti OR "ankle 

implants".ti OR ((exp *"Hip"/ OR "hip".ti OR "hips".ti OR exp *"Knee"/ OR "knee".ti OR "knees".ti OR 

exp *"Shoulder"/ OR "Shoulder".ti OR "Shoulders".ti OR exp *"Ankle"/ OR "ankle".ti OR "ankles".ti) 

AND (exp *"Prosthesis"/ OR "Prostheses".ti OR "Prosthesis".ti OR "Implants".ti OR "Implant".ti OR 

"replacement".ti OR "replacements".ti OR "arthroplasty".ti OR "arthroplast*".ti))) AND (exp "Register"/ 
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OR "register".ti,ab OR "registers".ti,ab OR "registry".ti,ab OR "registries".ti,ab OR "register".in OR 

"registers".in OR "registry".in OR "registries".in) AND (exp "European Union"/ OR "European 

Union".ti,ab OR "European Community".ti,ab OR "European Coal and Steel Community".ti,ab OR 

"Common Market".ti,ab OR "EEC".ti,ab OR "European Economic Community".ti,ab OR "European 

Common Market".ti,ab OR "European Economic Area".ti,ab OR exp "Europe"/ OR "Albania"/ OR 

"Andorra"/ OR "Armenia"/ OR "Armenia"/ OR "Austria"/ OR "Azerbaijan"/ OR "Republic of Belarus"/ 

OR "Belgium"/ OR "Bosnia and Herzegovina"/ OR "Bulgaria"/ OR "Croatia"/ OR "Czech Republic"/ OR 

"Denmark"/ OR "England"/ OR "Estonia"/ OR "Finland"/ OR "France"/ OR "Georgia"/ OR "Germany"/ 

OR "Gibraltar"/ OR "Greece"/ OR "Hungary"/ OR "Iceland"/ OR "Ireland"/ OR "Italy"/ OR 

"Kazakhstan"/ OR "Kosovo"/ OR "Kyrgyzstan"/ OR "Latvia"/ OR "Liechtenstein"/ OR "Lithuania"/ OR 

"Luxembourg"/ OR "Malta"/ OR "Moldova"/ OR "Monaco"/ OR "Montenegro"/ OR "Netherlands"/ OR 

"Republic of North Macedonia"/ OR "Northern Ireland"/ OR "Norway"/ OR "Poland"/ OR "Portugal"/ 

OR "Romania"/ OR "Russia"/ OR "San Marino"/ OR "Scotland"/ OR "Serbia"/ OR "Slovakia"/ OR 

"Slovenia"/ OR "Spain"/ OR "Sweden"/ OR "Switzerland"/ OR "Turkey"/ OR "Ukraine"/ OR "United 

Kingdom"/ OR "Uzbekistan"/ OR "Vatican City"/ OR "Wales"/ OR "Europe".ti,ab OR "European".ti,ab 

OR "Albania".ti,ab OR "Andorra".ti,ab OR "Armenia".ti,ab OR "Armenia".ti,ab OR "Austria".ti,ab OR 

"Azerbaijan".ti,ab OR "Belarus".ti,ab OR "Belgium".ti,ab OR "Bosnia".ti,ab OR "Bulgaria".ti,ab OR 

"Croatia".ti,ab OR "Czech Republic".ti,ab OR "Denmark".ti,ab OR "England".ti,ab OR "Estonia".ti,ab 

OR "Finland".ti,ab OR "France".ti,ab OR "Georgia".ti,ab OR "Germany".ti,ab OR "Gibraltar".ti,ab OR 

"Greece".ti,ab OR "Herzegovina".ti,ab OR "Hungary".ti,ab OR "Iceland".ti,ab OR "Ireland".ti,ab OR 

"Italy".ti,ab OR "Kazakhstan".ti,ab OR "Kosovo".ti,ab OR "Kyrgyzstan".ti,ab OR "Latvia".ti,ab OR 

"Liechtenstein".ti,ab OR "Lithuania".ti,ab OR "Luxembourg".ti,ab OR "Malta".ti,ab OR "Moldova".ti,ab 

OR "Monaco".ti,ab OR "Montenegro".ti,ab OR "Netherlands".ti,ab OR "North Macedonia".ti,ab OR 

"Northern Ireland".ti,ab OR "Norway".ti,ab OR "Poland".ti,ab OR "Portugal".ti,ab OR "Romania".ti,ab 

OR "Russia".ti,ab OR "San Marino".ti,ab OR "Scotland".ti,ab OR "Serbia".ti,ab OR "Slovakia".ti,ab OR 

"Slovenia".ti,ab OR "Spain".ti,ab OR "Sweden".ti,ab OR "Switzerland".ti,ab OR "Turkey".ti,ab OR 

"Ukraine".ti,ab OR "United Kingdom".ti,ab OR "Uzbekistan".ti,ab OR "Vatican City".ti,ab OR 

"Wales".ti,ab OR "Albanian".ti,ab OR "Armenian".ti,ab OR "Austrian".ti,ab OR "Belgian".ti,ab OR 
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"Bosnian".ti,ab OR "Bulgarian".ti,ab OR "Croatian".ti,ab OR "Czech".ti,ab OR "Danish".ti,ab OR 

"British".ti,ab OR "Estonian".ti,ab OR "Finnish".ti,ab OR "French".ti,ab OR "Georgian".ti,ab OR 

"German".ti,ab OR "Greek".ti,ab OR "Hungarian".ti,ab OR "Icelandic".ti,ab OR "Irish".ti,ab OR 

"Italian".ti,ab OR "Kosovan".ti,ab OR "Latvian".ti,ab OR "Lithuanian".ti,ab OR "Moldovan".ti,ab OR 

"Dutch".ti,ab OR "Macedonian".ti,ab OR "Norwegian".ti,ab OR "Polish".ti,ab OR "Romanian".ti,ab OR 

"Russian".ti,ab OR "Scottish".ti,ab OR "Serbian".ti,ab OR "Slovakian".ti,ab OR "Slovenian".ti,ab OR 

"Spanish".ti,ab OR "Swedish".ti,ab OR "Swiss".ti,ab OR "Turkish".ti,ab OR "Ukrainian".ti,ab OR 

"Welsh".ti,ab)) OR ((exp *"Hip Replacement"/ OR exp *"Hip Prosthesis"/ OR "hip replacement".ti,ab 

OR "hip replacement*".ti,ab OR "hip arthroplasty".ti,ab OR "hip arthroplast*".ti,ab OR "hip 

prosthesis".ti,ab OR "hip prosthe*".ti,ab OR "THA".ti,ab OR "THR".ti,ab OR "hip implant".ti,ab OR "hip 

implants".ti,ab OR exp *"Knee Replacement"/ OR exp *"Knee Prosthesis"/ OR "knee replacement".ti,ab 

OR "knee replacement*".ti,ab OR "knee arthroplasty".ti,ab OR "knee arthroplast*".ti,ab OR "knee 

prosthesis".ti,ab OR "knee prosthe*".ti,ab OR "TKA".ti,ab OR "TKR".ti,ab OR "knee implant".ti,ab OR 

"knee implants".ti,ab OR exp *"Shoulder Replacement"/ OR exp *"Shoulder Prosthesis"/ OR "shoulder 

replacement".ti,ab OR "shoulder replacement*".ti,ab OR "shoulder arthroplasty".ti,ab OR "shoulder 

arthroplast*".ti,ab OR "shoulder prosthesis".ti,ab OR "shoulder prosthe*".ti,ab OR "shoulder 

implant".ti,ab OR "knee implants".ti,ab OR exp *"Ankle Replacement"/ OR "Ankle Prosthesis"/ OR 

"ankle replacement".ti,ab OR "ankle replacement*".ti,ab OR "ankle arthroplasty".ti,ab OR "ankle 

arthroplast*".ti,ab OR "ankle prosthesis".ti,ab OR "ankle prosthe*".ti,ab OR "ankle implant".ti,ab OR 

"ankle implants".ti,ab OR ((exp *"Hip"/ OR "hip".ti,ab OR "hips".ti,ab OR exp *"Knee"/ OR "knee".ti,ab 

OR "knees".ti,ab OR exp *"Shoulder"/ OR "Shoulder".ti,ab OR "Shoulders".ti,ab OR exp *"Ankle"/ OR 

"ankle".ti,ab OR "ankles".ti,ab) AND (exp *"Prosthesis"/ OR "Prostheses".ti,ab OR "Prosthesis".ti,ab OR 

"Implants".ti,ab OR "Implant".ti,ab OR "replacement".ti,ab OR "replacements".ti,ab OR 

"arthroplasty".ti,ab OR "arthroplast*".ti,ab))) AND (exp *"Register"/ OR "register".ti OR "registers".ti 

OR "registry".ti OR "registries".ti OR "register".in OR "registers".in OR "registry".in OR "registries".in) 

AND (exp "European Union"/ OR "European Union".ti,ab OR "European Community".ti,ab OR 

"European Coal and Steel Community".ti,ab OR "Common Market".ti,ab OR "EEC".ti,ab OR "European 

Economic Community".ti,ab OR "European Common Market".ti,ab OR "European Economic Area".ti,ab 
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OR exp "Europe"/ OR "Albania"/ OR "Andorra"/ OR "Armenia"/ OR "Armenia"/ OR "Austria"/ OR 

"Azerbaijan"/ OR "Republic of Belarus"/ OR "Belgium"/ OR "Bosnia and Herzegovina"/ OR "Bulgaria"/ 

OR "Croatia"/ OR "Czech Republic"/ OR "Denmark"/ OR "England"/ OR "Estonia"/ OR "Finland"/ OR 

"France"/ OR "Georgia"/ OR "Germany"/ OR "Gibraltar"/ OR "Greece"/ OR "Hungary"/ OR "Iceland"/ 

OR "Ireland"/ OR "Italy"/ OR "Kazakhstan"/ OR "Kosovo"/ OR "Kyrgyzstan"/ OR "Latvia"/ OR 

"Liechtenstein"/ OR "Lithuania"/ OR "Luxembourg"/ OR "Malta"/ OR "Moldova"/ OR "Monaco"/ OR 

"Montenegro"/ OR "Netherlands"/ OR "Republic of North Macedonia"/ OR "Northern Ireland"/ OR 

"Norway"/ OR "Poland"/ OR "Portugal"/ OR "Romania"/ OR "Russia"/ OR "San Marino"/ OR 

"Scotland"/ OR "Serbia"/ OR "Slovakia"/ OR "Slovenia"/ OR "Spain"/ OR "Sweden"/ OR "Switzerland"/ 

OR "Turkey"/ OR "Ukraine"/ OR "United Kingdom"/ OR "Uzbekistan"/ OR "Vatican City"/ OR 

"Wales"/ OR "Europe".ti,ab OR "European".ti,ab OR "Albania".ti,ab OR "Andorra".ti,ab OR 

"Armenia".ti,ab OR "Armenia".ti,ab OR "Austria".ti,ab OR "Azerbaijan".ti,ab OR "Belarus".ti,ab OR 

"Belgium".ti,ab OR "Bosnia".ti,ab OR "Bulgaria".ti,ab OR "Croatia".ti,ab OR "Czech Republic".ti,ab OR 

"Denmark".ti,ab OR "England".ti,ab OR "Estonia".ti,ab OR "Finland".ti,ab OR "France".ti,ab OR 

"Georgia".ti,ab OR "Germany".ti,ab OR "Gibraltar".ti,ab OR "Greece".ti,ab OR "Herzegovina".ti,ab OR 

"Hungary".ti,ab OR "Iceland".ti,ab OR "Ireland".ti,ab OR "Italy".ti,ab OR "Kazakhstan".ti,ab OR 

"Kosovo".ti,ab OR "Kyrgyzstan".ti,ab OR "Latvia".ti,ab OR "Liechtenstein".ti,ab OR "Lithuania".ti,ab 

OR "Luxembourg".ti,ab OR "Malta".ti,ab OR "Moldova".ti,ab OR "Monaco".ti,ab OR 

"Montenegro".ti,ab OR "Netherlands".ti,ab OR "North Macedonia".ti,ab OR "Northern Ireland".ti,ab OR 

"Norway".ti,ab OR "Poland".ti,ab OR "Portugal".ti,ab OR "Romania".ti,ab OR "Russia".ti,ab OR "San 

Marino".ti,ab OR "Scotland".ti,ab OR "Serbia".ti,ab OR "Slovakia".ti,ab OR "Slovenia".ti,ab OR 

"Spain".ti,ab OR "Sweden".ti,ab OR "Switzerland".ti,ab OR "Turkey".ti,ab OR "Ukraine".ti,ab OR 

"United Kingdom".ti,ab OR "Uzbekistan".ti,ab OR "Vatican City".ti,ab OR "Wales".ti,ab OR 

"Albanian".ti,ab OR "Armenian".ti,ab OR "Austrian".ti,ab OR "Belgian".ti,ab OR "Bosnian".ti,ab OR 

"Bulgarian".ti,ab OR "Croatian".ti,ab OR "Czech".ti,ab OR "Danish".ti,ab OR "British".ti,ab OR 

"Estonian".ti,ab OR "Finnish".ti,ab OR "French".ti,ab OR "Georgian".ti,ab OR "German".ti,ab OR 

"Greek".ti,ab OR "Hungarian".ti,ab OR "Icelandic".ti,ab OR "Irish".ti,ab OR "Italian".ti,ab OR 

"Kosovan".ti,ab OR "Latvian".ti,ab OR "Lithuanian".ti,ab OR "Moldovan".ti,ab OR "Dutch".ti,ab OR 
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"Macedonian".ti,ab OR "Norwegian".ti,ab OR "Polish".ti,ab OR "Romanian".ti,ab OR "Russian".ti,ab OR 

"Scottish".ti,ab OR "Serbian".ti,ab OR "Slovakian".ti,ab OR "Slovenian".ti,ab OR "Spanish".ti,ab OR 

"Swedish".ti,ab OR "Swiss".ti,ab OR "Turkish".ti,ab OR "Ukrainian".ti,ab OR "Welsh".ti,ab))) AND 

(2013 OR 2014 OR 2015 OR 2016 OR 2017 OR 2018 OR 2019 OR 2020 OR 2021 OR 2022).yr 

 

Emcare – Cardiovascular registries 

(((exp *"cardiac implantable electronic device"/ OR exp *"artificial heart pacemaker"/ OR 

"pacemaker".ti 

OR "pacemakers".ti OR exp *"Artificial Heart"/ OR "artificial heart".ti OR "artificial hearts".ti OR exp 

*"Heart Assist Device"/ OR "Artificial Heart".ti OR "Artificial Ventricle".ti OR "Artificial Ventricles".ti 

OR "Heart Assist Device".ti OR "Heart Assist Devices".ti OR "Heart Assist Pump".ti OR "Heart Assist 

Pumps".ti OR "Vascular Assist Device".ti OR "Vascular Assist Devices".ti OR "Ventricle Assist 

Device".ti OR "Ventricle Assist Devices".ti OR "Ventricular Assist Device".ti OR "Ventricular Assist 

Devices".ti OR exp *"Heart Valve Prosthesis"/ OR "Heart Valve Prosthesis".ti OR "Heart Valve 

Prosthesis".ti OR "Cardiac Valve Prosthesis".ti OR "Cardiac Valve Prostheses".ti OR "Heart 

Prosthesis".ti OR "Heart Prosthesis".ti OR "Cardiac Prosthesis".ti OR "Cardiac Prostheses".ti OR 

"artificial heart valves".ti OR "artificial heart valve".ti OR "artificial valves".ti OR "artificial valves".ti 

OR exp *"Implantable Defibrillator"/ OR "Implantable Defibrillator".ti OR "Implantable Defibrillators".ti 

OR "Implantable Cardioverter Defibrillator".ti OR "Implantable Cardioverter Defibrillators".ti OR exp 

*"bioresorbable vascular stent"/ OR "bioresorbable vascular scaffold".ti OR "bioresorbable vascular 

scaffolds".ti OR exp *"transcatheter aortic valve implantation"/ OR "transcatheter aortic valve 

implantation".ti OR "transcatheter aortic valve implant".ti OR "transcatheter aortic valve implants".ti OR 

"TAVI".ti OR "transseptal mitral valve-in-ring".ti OR "TMVR".ti OR ("".ti) OR "LAAOC".ti OR ((exp 

*"Heart"/ OR "heart".ti OR "cardiac".ti) AND (exp *"Prosthesis"/ OR "Prostheses".ti OR "Prosthesis".ti 

OR "Implants".ti OR "Implant".ti OR "replacement".ti OR "replacements".ti))) AND (exp "Register"/ OR 

"register".ti,ab OR "registers".ti,ab OR "registry".ti,ab OR "registries".ti,ab OR "register".in OR 

"registers".in OR "registry".in OR "registries".in) AND (exp "European Union"/ OR "European 

Union".ti,ab OR "European Community".ti,ab OR "European Coal and Steel Community".ti,ab OR 
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"Common Market".ti,ab OR "EEC".ti,ab OR "European Economic Community".ti,ab OR "European 

Common Market".ti,ab OR "European Economic Area".ti,ab OR exp "Europe"/ OR "Albania"/ OR 

"Andorra"/ OR "Armenia"/ OR "Armenia"/ OR "Austria"/ OR "Azerbaijan"/ OR "Republic of Belarus"/ 

OR "Belgium"/ OR "Bosnia and Herzegovina"/ OR "Bulgaria"/ OR "Croatia"/ OR "Czech Republic"/ OR 

"Denmark"/ OR "England"/ OR "Estonia"/ OR "Finland"/ OR "France"/ OR "Georgia"/ OR "Germany"/ 

OR "Gibraltar"/ OR "Greece"/ OR "Hungary"/ OR "Iceland"/ OR "Ireland"/ OR "Italy"/ OR 

"Kazakhstan"/ OR "Kosovo"/ OR "Kyrgyzstan"/ OR "Latvia"/ OR "Liechtenstein"/ OR "Lithuania"/ OR 

"Luxembourg"/ OR "Malta"/ OR "Moldova"/ OR "Monaco"/ OR "Montenegro"/ OR "Netherlands"/ OR 

"Republic of North Macedonia"/ OR "Northern Ireland"/ OR "Norway"/ OR "Poland"/ OR "Portugal"/ 

OR "Romania"/ OR "Russia"/ OR "San Marino"/ OR "Scotland"/ OR "Serbia"/ OR "Slovakia"/ OR 

"Slovenia"/ OR "Spain"/ OR "Sweden"/ OR "Switzerland"/ OR "Turkey"/ OR "Ukraine"/ OR "United 

Kingdom"/ OR "Uzbekistan"/ OR "Vatican City"/ OR "Wales"/ OR "Europe".ti,ab OR "European".ti,ab 

OR "Albania".ti,ab OR "Andorra".ti,ab OR "Armenia".ti,ab OR "Armenia".ti,ab OR "Austria".ti,ab OR 

"Azerbaijan".ti,ab OR "Belarus".ti,ab OR "Belgium".ti,ab OR "Bosnia".ti,ab OR "Bulgaria".ti,ab OR 

"Croatia".ti,ab OR "Czech Republic".ti,ab OR "Denmark".ti,ab OR "England".ti,ab OR "Estonia".ti,ab 

OR "Finland".ti,ab OR "France".ti,ab OR "Georgia".ti,ab OR "Germany".ti,ab OR "Gibraltar".ti,ab OR 

"Greece".ti,ab OR "Herzegovina".ti,ab OR "Hungary".ti,ab OR "Iceland".ti,ab OR "Ireland".ti,ab OR 

"Italy".ti,ab OR "Kazakhstan".ti,ab OR "Kosovo".ti,ab OR "Kyrgyzstan".ti,ab OR "Latvia".ti,ab OR 

"Liechtenstein".ti,ab OR "Lithuania".ti,ab OR "Luxembourg".ti,ab OR "Malta".ti,ab OR "Moldova".ti,ab 

OR "Monaco".ti,ab OR "Montenegro".ti,ab OR "Netherlands".ti,ab OR "North Macedonia".ti,ab OR 

"Northern Ireland".ti,ab OR "Norway".ti,ab OR "Poland".ti,ab OR "Portugal".ti,ab OR "Romania".ti,ab 

OR "Russia".ti,ab OR "San Marino".ti,ab OR "Scotland".ti,ab OR "Serbia".ti,ab OR "Slovakia".ti,ab OR 

"Slovenia".ti,ab OR "Spain".ti,ab OR "Sweden".ti,ab OR "Switzerland".ti,ab OR "Turkey".ti,ab OR 

"Ukraine".ti,ab OR "United Kingdom".ti,ab OR "Uzbekistan".ti,ab OR "Vatican City".ti,ab OR 

"Wales".ti,ab OR "Albanian".ti,ab OR "Armenian".ti,ab OR "Austrian".ti,ab OR "Belgian".ti,ab OR 

"Bosnian".ti,ab OR "Bulgarian".ti,ab OR "Croatian".ti,ab OR "Czech".ti,ab OR "Danish".ti,ab OR 

"British".ti,ab OR "Estonian".ti,ab OR "Finnish".ti,ab OR "French".ti,ab OR "Georgian".ti,ab OR 

"German".ti,ab OR "Greek".ti,ab OR "Hungarian".ti,ab OR "Icelandic".ti,ab OR "Irish".ti,ab OR 
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"Italian".ti,ab OR "Kosovan".ti,ab OR "Latvian".ti,ab OR "Lithuanian".ti,ab OR "Moldovan".ti,ab OR 

"Dutch".ti,ab OR "Macedonian".ti,ab OR "Norwegian".ti,ab OR "Polish".ti,ab OR "Romanian".ti,ab OR 

"Russian".ti,ab OR "Scottish".ti,ab OR "Serbian".ti,ab OR "Slovakian".ti,ab OR "Slovenian".ti,ab OR 

"Spanish".ti,ab OR "Swedish".ti,ab OR "Swiss".ti,ab OR "Turkish".ti,ab OR "Ukrainian".ti,ab OR 

"Welsh".ti,ab)) OR ((exp *"cardiac implantable electronic device"/ OR exp *"artificial heart pacemaker"/ 

OR "pacemaker".ti,ab OR "pacemakers".ti,ab OR exp *"Artificial Heart"/ OR "artificial heart".ti,ab OR 

"artificial hearts".ti,ab OR exp *"Heart Assist Device"/ OR "Artificial Heart".ti,ab OR "Artificial 

Ventricle".ti,ab OR "Artificial Ventricles".ti,ab OR "Heart Assist Device".ti,ab OR "Heart Assist 

Devices".ti,ab OR "Heart Assist Pump".ti,ab OR "Heart Assist Pumps".ti,ab OR "Vascular Assist 

Device".ti,ab OR "Vascular Assist Devices".ti,ab OR "Ventricle Assist Device".ti,ab OR "Ventricle 

Assist Devices".ti,ab OR "Ventricular Assist Device".ti,ab OR "Ventricular Assist Devices".ti,ab OR exp 

*"Heart Valve Prosthesis"/ OR "Heart Valve Prosthesis".ti,ab OR "Heart Valve Prosthesis".ti,ab OR 

"Cardiac Valve Prosthesis".ti,ab OR "Cardiac Valve Prostheses".ti,ab OR "Heart Prosthesis".ti,ab OR 

"Heart Prosthesis".ti,ab OR "Cardiac Prosthesis".ti,ab OR "Cardiac Prostheses".ti,ab OR "artificial heart 

valves".ti,ab OR "artificial heart valve".ti,ab OR "artificial valves".ti,ab OR "artificial valves".ti,ab OR 

exp *"Implantable Defibrillator"/ OR "Implantable Defibrillator".ti,ab OR "Implantable 

Defibrillators".ti,ab OR "Implantable Cardioverter Defibrillator".ti,ab OR "Implantable Cardioverter 

Defibrillators".ti,ab OR exp *"bioresorbable vascular stent"/ OR "bioresorbable vascular scaffold".ti,ab 

OR "bioresorbable vascular scaffolds".ti,ab OR exp *"transcatheter aortic valve implantation"/ OR 

"transcatheter aortic valve implantation".ti,ab OR "transcatheter aortic valve implant".ti,ab OR 

"transcatheter aortic valve implants".ti,ab OR "TAVI".ti,ab OR "transseptal mitral valve-in-ring".ti,ab OR 

"TMVR".ti,ab OR ("".ti,ab) OR "LAAOC".ti,ab OR ((exp *"Heart"/ OR "heart".ti,ab OR "cardiac".ti,ab) 

AND (exp *"Prosthesis"/ OR "Prostheses".ti,ab OR "Prosthesis".ti,ab OR "Implants".ti,ab OR 

"Implant".ti,ab OR "replacement".ti,ab OR "replacements".ti,ab))) AND (exp *"Register"/ OR 

"register".ti OR "registers".ti OR "registry".ti OR "registries".ti OR "register".in OR "registers".in OR 

"registry".in OR "registries".in) AND (exp "European Union"/ OR "European Union".ti,ab OR "European 

Community".ti,ab OR "European Coal and Steel Community".ti,ab OR "Common Market".ti,ab OR 

"EEC".ti,ab OR "European Economic Community".ti,ab OR "European Common Market".ti,ab OR 
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"European Economic Area".ti,ab OR exp "Europe"/ OR "Albania"/ OR "Andorra"/ OR "Armenia"/ OR 

"Armenia"/ OR "Austria"/ OR "Azerbaijan"/ OR "Republic of Belarus"/ OR "Belgium"/ OR "Bosnia and 

Herzegovina"/ OR "Bulgaria"/ OR "Croatia"/ OR "Czech Republic"/ OR "Denmark"/ OR "England"/ OR 

"Estonia"/ OR "Finland"/ OR "France"/ OR "Georgia"/ OR "Germany"/ OR "Gibraltar"/ OR "Greece"/ 

OR "Hungary"/ OR "Iceland"/ OR "Ireland"/ OR "Italy"/ OR "Kazakhstan"/ OR "Kosovo"/ OR 

"Kyrgyzstan"/ OR "Latvia"/ OR "Liechtenstein"/ OR "Lithuania"/ OR "Luxembourg"/ OR "Malta"/ OR 

"Moldova"/ OR "Monaco"/ OR "Montenegro"/ OR "Netherlands"/ OR "Republic of North Macedonia"/ 

OR "Northern Ireland"/ OR "Norway"/ OR "Poland"/ OR "Portugal"/ OR "Romania"/ OR "Russia"/ OR 

"San Marino"/ OR "Scotland"/ OR "Serbia"/ OR "Slovakia"/ OR "Slovenia"/ OR "Spain"/ OR "Sweden"/ 

OR "Switzerland"/ OR "Turkey"/ OR "Ukraine"/ OR "United Kingdom"/ OR "Uzbekistan"/ OR "Vatican 

City"/ OR "Wales"/ OR "Europe".ti,ab OR "European".ti,ab OR "Albania".ti,ab OR "Andorra".ti,ab OR 

"Armenia".ti,ab OR "Armenia".ti,ab OR "Austria".ti,ab OR "Azerbaijan".ti,ab OR "Belarus".ti,ab OR 

"Belgium".ti,ab OR "Bosnia".ti,ab OR "Bulgaria".ti,ab OR "Croatia".ti,ab OR "Czech Republic".ti,ab OR 

"Denmark".ti,ab OR "England".ti,ab OR "Estonia".ti,ab OR "Finland".ti,ab OR "France".ti,ab OR 

"Georgia".ti,ab OR "Germany".ti,ab OR "Gibraltar".ti,ab OR "Greece".ti,ab OR "Herzegovina".ti,ab OR 

"Hungary".ti,ab OR "Iceland".ti,ab OR "Ireland".ti,ab OR "Italy".ti,ab OR "Kazakhstan".ti,ab OR 

"Kosovo".ti,ab OR "Kyrgyzstan".ti,ab OR "Latvia".ti,ab OR "Liechtenstein".ti,ab OR "Lithuania".ti,ab 

OR "Luxembourg".ti,ab OR "Malta".ti,ab OR "Moldova".ti,ab OR "Monaco".ti,ab OR 

"Montenegro".ti,ab OR "Netherlands".ti,ab OR "North Macedonia".ti,ab OR "Northern Ireland".ti,ab OR 

"Norway".ti,ab OR "Poland".ti,ab OR "Portugal".ti,ab OR "Romania".ti,ab OR "Russia".ti,ab OR "San 

Marino".ti,ab OR "Scotland".ti,ab OR "Serbia".ti,ab OR "Slovakia".ti,ab OR "Slovenia".ti,ab OR 

"Spain".ti,ab OR "Sweden".ti,ab OR "Switzerland".ti,ab OR "Turkey".ti,ab OR "Ukraine".ti,ab OR 

"United Kingdom".ti,ab OR "Uzbekistan".ti,ab OR "Vatican City".ti,ab OR "Wales".ti,ab OR 

"Albanian".ti,ab OR "Armenian".ti,ab OR "Austrian".ti,ab OR "Belgian".ti,ab OR "Bosnian".ti,ab OR 

"Bulgarian".ti,ab OR "Croatian".ti,ab OR "Czech".ti,ab OR "Danish".ti,ab OR "British".ti,ab OR 

"Estonian".ti,ab OR "Finnish".ti,ab OR "French".ti,ab OR "Georgian".ti,ab OR "German".ti,ab OR 

"Greek".ti,ab OR "Hungarian".ti,ab OR "Icelandic".ti,ab OR "Irish".ti,ab OR "Italian".ti,ab OR 

"Kosovan".ti,ab OR "Latvian".ti,ab OR "Lithuanian".ti,ab OR "Moldovan".ti,ab OR "Dutch".ti,ab OR 
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"Macedonian".ti,ab OR "Norwegian".ti,ab OR "Polish".ti,ab OR "Romanian".ti,ab OR "Russian".ti,ab OR 

"Scottish".ti,ab OR "Serbian".ti,ab OR "Slovakian".ti,ab OR "Slovenian".ti,ab OR "Spanish".ti,ab OR 

"Swedish".ti,ab OR "Swiss".ti,ab OR "Turkish".ti,ab OR "Ukrainian".ti,ab OR "Welsh".ti,ab))) AND 

(2013 OR 2014 OR 2015 OR 2016 OR 2017 OR 2018 OR 2019 OR 2020 OR 2021 OR 2022).yr 

 

Medline – Orthopaedic registries 

(((exp *Arthroplasty, Replacement, Hip/ OR exp *Hip Prosthesis/ OR hip replacement.ti. OR hip 

replacement*.ti. OR hip arthroplasty.ti. OR hip arthroplast*.ti. OR hip prosthesis.ti. OR hip prosthe*.ti. 

OR THA.ti. OR THR.ti. OR hip implant.ti. OR hip implants.ti. OR exp *Arthroplasty, Replacement, 

Knee/ OR exp *Knee Prosthesis/ OR knee replacement.ti. OR knee replacement*.ti. OR knee 

arthroplasty.ti. OR knee arthroplast*.ti. OR knee prosthesis.ti. OR knee prosthe*.ti. OR TKA.ti. OR 

TKR.ti. OR knee implant.ti. OR knee implants.ti. OR exp *Arthroplasty, Replacement, Shoulder/ OR exp 

*Shoulder Prosthesis/ OR shoulder replacement.ti. OR shoulder replacement*.ti. OR shoulder 

arthroplasty.ti. OR shoulder arthroplast*.ti. OR shoulder prosthesis.ti. OR shoulder prosthe*.ti. OR 

shoulder implant.ti. OR knee implants.ti. OR exp *Arthroplasty, Replacement, Ankle/ OR exp *Ankle 

Prosthesis/ OR ankle replacement.ti. OR ankle replacement*.ti. OR ankle arthroplasty.ti. OR ankle 

arthroplast*.ti. OR ankle prosthesis.ti. OR ankle prosthe*.ti. OR ankle implant.ti. OR ankle implants.ti. 

OR ((exp *Hip/ OR exp *Hip Joint/ OR hip.ti. OR hips.ti. OR exp *Knee/ OR exp *Knee Joint/ OR 

knee.ti. OR knees.ti. OR exp *Shoulder/ OR exp *Shoulder Joint/ OR Shoulder.ti. OR Shoulders.ti. OR 

exp *Ankle/ OR exp *Ankle Joint/ OR ankle.ti. OR ankles.ti.) AND (exp *Prostheses and Implants/ OR 

Prostheses.ti. OR Prosthesis.ti. OR Implants.ti. OR Implant.ti. OR replacement.ti. OR replacements.ti. OR 

arthroplasty.ti. OR arthroplast*.ti.))) AND (exp Registries/ OR register.mp. OR registers.mp. OR 

registry.mp. OR registries.mp. OR register.in OR registers.in OR registry.in OR registries.in) AND (exp 

European Union/ OR European Union.mp. OR European Community.mp. OR European Coal and Steel 

Community.mp. OR Common Market.mp. OR EEC.mp. OR European Economic Community.mp. OR 

European Common Market.mp. OR European Economic Area.mp. OR exp Europe/ OR exp Albania/ OR 

exp Andorra/ OR exp Armenia/ OR exp Armenia/ OR exp Austria/ OR exp Azerbaijan/ OR exp Republic 

of Belarus/ OR exp Belgium/ OR exp Bosnia and Herzegovina/ OR exp Bulgaria/ OR exp Croatia/ OR 
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exp Czech Republic/ OR exp Denmark/ OR exp England/ OR exp Estonia/ OR exp Finland/ OR exp 

France/ OR exp Georgia/ OR exp Germany/ OR exp Gibraltar/ OR exp Greece/ OR exp Hungary/ OR exp 

Iceland/ OR exp Ireland/ OR exp Italy/ OR exp Kazakhstan/ OR exp Kosovo/ OR exp Kyrgyzstan/ OR 

exp Latvia/ OR exp Liechtenstein/ OR exp Lithuania/ OR exp Luxembourg/ OR exp Malta/ OR exp 

Moldova/ OR exp Monaco/ OR exp Montenegro/ OR exp Netherlands/ OR exp Republic of North 

Macedonia/ OR exp Northern Ireland/ OR exp Norway/ OR exp Poland/ OR exp Portugal/ OR exp 

Romania/ OR exp Russia/ OR exp San Marino/ OR exp Scotland/ OR exp Serbia/ OR exp Slovakia/ OR 

exp Slovenia/ OR exp Spain/ OR exp Sweden/ OR exp Switzerland/ OR exp Turkey/ OR exp Ukraine/ 

OR exp United Kingdom/ OR exp Uzbekistan/ OR exp Vatican City/ OR exp Wales/ OR Europe.mp. OR 

European.mp. OR Albania.mp. OR Andorra.mp. OR Armenia.mp. OR Armenia.mp. OR Austria.mp. OR 

Azerbaijan.mp. OR Belarus.mp. OR Belgium.mp. OR Bosnia.mp. OR Bulgaria.mp. OR Croatia.mp. OR 

Czech Republic.mp. OR Denmark.mp. OR England.mp. OR Estonia.mp. OR Finland.mp. OR France.mp. 

OR Georgia.mp. OR Germany.mp. OR Gibraltar.mp. OR Greece.mp. OR Herzegovina.mp. OR 

Hungary.mp. OR Iceland.mp. OR Ireland.mp. OR Italy.mp. OR Kazakhstan.mp. OR Kosovo.mp. OR 

Kyrgyzstan.mp. OR Latvia.mp. OR Liechtenstein.mp. OR Lithuania.mp. OR Luxembourg.mp. OR 

Malta.mp. OR Moldova.mp. OR Monaco.mp. OR Montenegro.mp. OR Netherlands.mp. OR North 

Macedonia.mp. OR Northern Ireland.mp. OR Norway.mp. OR Poland.mp. OR Portugal.mp. OR 

Romania.mp. OR Russia.mp. OR San Marino.mp. OR Scotland.mp. OR Serbia.mp. OR Slovakia.mp. OR 

Slovenia.mp. OR Spain.mp. OR Sweden.mp. OR Switzerland.mp. OR Turkey.mp. OR Ukraine.mp. OR 

United Kingdom.mp. OR Uzbekistan.mp. OR Vatican City.mp. OR Wales.mp. OR "Albanian".mp OR 

"Armenian".mp OR "Austrian".mp OR "Belgian".mp OR "Bosnian".mp OR "Bulgarian".mp OR 

"Croatian".mp OR "Czech".mp OR "Danish".mp OR "British".mp OR "Estonian".mp OR "Finnish".mp 

OR "French".mp OR "Georgian".mp OR "German".mp OR "Greek".mp OR "Hungarian".mp OR 

"Icelandic".mp OR "Irish".mp OR "Italian".mp OR "Kosovan".mp OR "Latvian".mp OR "Lithuanian".mp 

OR "Moldovan".mp OR "Dutch".mp OR "Macedonian".mp OR "Norwegian".mp OR "Polish".mp OR 

"Romanian".mp OR "Russian".mp OR "Scottish".mp OR "Serbian".mp OR "Slovakian".mp OR 

"Slovenian".mp OR "Spanish".mp OR "Swedish".mp OR "Swiss".mp OR "Turkish".mp OR 

"Ukrainian".mp OR "Welsh".mp)) OR ((exp Arthroplasty, Replacement, Hip/ OR exp Hip Prosthesis/ OR 
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hip replacement.mp. OR hip replacement*.mp. OR hip arthroplasty.mp. OR hip arthroplast*.mp. OR hip 

prosthesis.mp. OR hip prosthe*.mp. OR THA.mp. OR THR.mp. OR hip implant.mp. OR hip 

implants.mp. OR exp Arthroplasty, Replacement, Knee/ OR exp Knee Prosthesis/ OR knee 

replacement.mp. OR knee replacement*.mp. OR knee arthroplasty.mp. OR knee arthroplast*.mp. OR 

knee prosthesis.mp. OR knee prosthe*.mp. OR TKA.mp. OR TKR.mp. OR knee implant.mp. OR knee 

implants.mp. OR exp Arthroplasty, Replacement, Shoulder/ OR exp Shoulder Prosthesis/ OR shoulder 

replacement.mp. OR shoulder replacement*.mp. OR shoulder arthroplasty.mp. OR shoulder 

arthroplast*.mp. OR shoulder prosthesis.mp. OR shoulder prosthe*.mp. OR shoulder implant.mp. OR 

knee implants.mp. OR exp Arthroplasty, Replacement, Ankle/ OR exp Ankle Prosthesis/ OR ankle 

replacement.mp. OR ankle replacement*.mp. OR ankle arthroplasty.mp. OR ankle arthroplast*.mp. OR 

ankle prosthesis.mp. OR ankle prosthe*.mp. OR ankle implant.mp. OR ankle implants.mp. OR ((exp Hip/ 

OR exp Hip Joint/ OR hip.mp. OR hips.mp. OR exp Knee/ OR exp Knee Joint/ OR knee.mp. OR 

knees.mp. OR exp Shoulder/ OR exp Shoulder Joint/ OR Shoulder.mp. OR Shoulders.mp. OR exp Ankle/ 

OR exp Ankle Joint/ OR ankle.mp. OR ankles.mp.) AND (exp Prostheses and Implants/ OR 

Prostheses.mp. OR Prosthesis.mp. OR Implants.mp. OR Implant.mp. OR replacement.mp. OR 

replacements.mp. OR arthroplasty.mp. OR arthroplast*.mp.))) AND (exp *Registries/ OR register.ti. OR 

registers.ti. OR registry.ti. OR registries.ti. OR register.in OR registers.in OR registry.in OR registries.in) 

AND (exp European Union/ OR European Union.mp. OR European Community.mp. OR European Coal 

and Steel Community.mp. OR Common Market.mp. OR EEC.mp. OR European Economic 

Community.mp. OR European Common Market.mp. OR European Economic Area.mp. OR exp Europe/ 

OR exp Albania/ OR exp Andorra/ OR exp Armenia/ OR exp Armenia/ OR exp Austria/ OR exp 

Azerbaijan/ OR exp Republic of Belarus/ OR exp Belgium/ OR exp Bosnia and Herzegovina/ OR exp 

Bulgaria/ OR exp Croatia/ OR exp Czech Republic/ OR exp Denmark/ OR exp England/ OR exp Estonia/ 

OR exp Finland/ OR exp France/ OR exp Georgia/ OR exp Germany/ OR exp Gibraltar/ OR exp Greece/ 

OR exp Hungary/ OR exp Iceland/ OR exp Ireland/ OR exp Italy/ OR exp Kazakhstan/ OR exp Kosovo/ 

OR exp Kyrgyzstan/ OR exp Latvia/ OR exp Liechtenstein/ OR exp Lithuania/ OR exp Luxembourg/ OR 

exp Malta/ OR exp Moldova/ OR exp Monaco/ OR exp Montenegro/ OR exp Netherlands/ OR exp 

Republic of North Macedonia/ OR exp Northern Ireland/ OR exp Norway/ OR exp Poland/ OR exp 
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Portugal/ OR exp Romania/ OR exp Russia/ OR exp San Marino/ OR exp Scotland/ OR exp Serbia/ OR 

exp Slovakia/ OR exp Slovenia/ OR exp Spain/ OR exp Sweden/ OR exp Switzerland/ OR exp Turkey/ 

OR exp Ukraine/ OR exp United Kingdom/ OR exp Uzbekistan/ OR exp Vatican City/ OR exp Wales/ 

OR Europe.mp. OR European.mp. OR Albania.mp. OR Andorra.mp. OR Armenia.mp. OR Armenia.mp. 

OR Austria.mp. OR Azerbaijan.mp. OR Belarus.mp. OR Belgium.mp. OR Bosnia.mp. OR Bulgaria.mp. 

OR Croatia.mp. OR Czech Republic.mp. OR Denmark.mp. OR England.mp. OR Estonia.mp. OR 

Finland.mp. OR France.mp. OR Georgia.mp. OR Germany.mp. OR Gibraltar.mp. OR Greece.mp. OR 

Herzegovina.mp. OR Hungary.mp. OR Iceland.mp. OR Ireland.mp. OR Italy.mp. OR Kazakhstan.mp. 

OR Kosovo.mp. OR Kyrgyzstan.mp. OR Latvia.mp. OR Liechtenstein.mp. OR Lithuania.mp. OR 

Luxembourg.mp. OR Malta.mp. OR Moldova.mp. OR Monaco.mp. OR Montenegro.mp. OR 

Netherlands.mp. OR North Macedonia.mp. OR Northern Ireland.mp. OR Norway.mp. OR Poland.mp. 

OR Portugal.mp. OR Romania.mp. OR Russia.mp. OR San Marino.mp. OR Scotland.mp. OR Serbia.mp. 

OR Slovakia.mp. OR Slovenia.mp. OR Spain.mp. OR Sweden.mp. OR Switzerland.mp. OR Turkey.mp. 

OR Ukraine.mp. OR United Kingdom.mp. OR Uzbekistan.mp. OR Vatican City.mp. OR Wales.mp. OR 

"Albanian".mp OR "Armenian".mp OR "Austrian".mp OR "Belgian".mp OR "Bosnian".mp OR 

"Bulgarian".mp OR "Croatian".mp OR "Czech".mp OR "Danish".mp OR "British".mp OR "Estonian".mp 

OR "Finnish".mp OR "French".mp OR "Georgian".mp OR "German".mp OR "Greek".mp OR 

"Hungarian".mp OR "Icelandic".mp OR "Irish".mp OR "Italian".mp OR "Kosovan".mp OR "Latvian".mp 

OR "Lithuanian".mp OR "Moldovan".mp OR "Dutch".mp OR "Macedonian".mp OR "Norwegian".mp 

OR "Polish".mp OR "Romanian".mp OR "Russian".mp OR "Scottish".mp OR "Serbian".mp OR 

"Slovakian".mp OR "Slovenian".mp OR "Spanish".mp OR "Swedish".mp OR "Swiss".mp OR 

"Turkish".mp OR "Ukrainian".mp OR "Welsh".mp))) AND (2013 OR 2014 OR 2015 OR 2016 OR 2017 

OR 2018 OR 2019 OR 2020 OR 2021 OR 2022).yr 

 

Medline – Cardiovascular registries 

(((exp *Pacemaker, Artificial/ OR pacemaker.ti. OR pacemakers.ti. OR exp *Heart, Artificial/ OR 

artificial heart.ti. OR artificial hearts.ti. OR exp *Heart-Assist Devices/ OR Artificial Heart .ti. OR 

Artificial Ventricle.ti. OR Artificial Ventricles.ti. OR Heart Assist Device.ti. OR Heart Assist Devices.ti. 
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OR Heart Assist Pump.ti. OR Heart Assist Pumps.ti. OR Vascular Assist Device.ti. OR Vascular Assist 

Devices.ti. OR Ventricle Assist Device.ti. OR Ventricle Assist Devices.ti. OR Ventricular Assist 

Device.ti. OR Ventricular Assist Devices.ti. OR exp *Heart Valve Prosthesis/ OR Heart Valve 

Prosthesis.ti. OR Heart Valve Prosthesis.ti. OR Cardiac Valve Prosthesis.ti. OR Cardiac Valve 

Prostheses.ti. OR Heart Prosthesis.ti. OR Heart Prosthesis.ti. OR Cardiac Prosthesis.ti. OR Cardiac 

Prostheses.ti. OR artificial heart valves.ti. OR artificial heart valve.ti. OR artificial valves.ti. OR artificial 

valves.ti. OR exp *Defibrillators, Implantable/ OR Implantable Defibrillator.ti. OR Implantable 

Defibrillators.ti. OR Implantable Cardioverter Defibrillator.ti. OR Implantable Cardioverter 

Defibrillators.ti. OR bioresorbable vascular scaffold.ti. OR bioresorbable vascular scaffolds.ti. OR 

transcatheter aortic valve implantation.ti. OR transcatheter aortic valve implant.ti. OR transcatheter 

aortic valve implants.ti. OR TAVI.ti. OR transseptal mitral valve-in-ring.ti. OR TMVR.ti. OR 

(percutaneous.ti. 

AND left anterior.ti. AND aortic cusp.ti.) OR LAAOC.ti. OR ((exp *Heart/ OR heart.ti. OR cardiac.ti.) 

AND (exp *Prostheses and Implants/ OR Prostheses.ti. OR Prosthesis.ti. OR Implants.ti. OR Implant.ti. 

OR replacement.ti. OR replacements.ti.))) AND (exp Registries/ OR register.mp. OR registers.mp. OR 

registry.mp. OR registries.mp. OR register.in OR registers.in OR registry.in OR registries.in) AND (exp 

European Union/ OR European Union.mp. OR European Community.mp. OR European Coal and Steel 

Community.mp. OR Common Market.mp. OR EEC.mp. OR European Economic Community.mp. OR 

European Common Market.mp. OR European Economic Area.mp. OR exp Europe/ OR exp Albania/ OR 

exp Andorra/ OR exp Armenia/ OR exp Armenia/ OR exp Austria/ OR exp Azerbaijan/ OR exp Republic 

of Belarus/ OR exp Belgium/ OR exp Bosnia and Herzegovina/ OR exp Bulgaria/ OR exp Croatia/ OR 

exp Czech Republic/ OR exp Denmark/ OR exp England/ OR exp Estonia/ OR exp Finland/ OR exp 

France/ OR exp Georgia/ OR exp Germany/ OR exp Gibraltar/ OR exp Greece/ OR exp Hungary/ OR exp 

Iceland/ OR exp Ireland/ OR exp Italy/ OR exp Kazakhstan/ OR exp Kosovo/ OR exp Kyrgyzstan/ OR 

exp Latvia/ OR exp Liechtenstein/ OR exp Lithuania/ OR exp Luxembourg/ OR exp Malta/ OR exp 

Moldova/ OR exp Monaco/ OR exp Montenegro/ OR exp Netherlands/ OR exp Republic of North 

Macedonia/ OR exp Northern Ireland/ OR exp Norway/ OR exp Poland/ OR exp Portugal/ OR exp 

Romania/ OR exp Russia/ OR exp San Marino/ OR exp Scotland/ OR exp Serbia/ OR exp Slovakia/ OR 
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exp Slovenia/ OR exp Spain/ OR exp Sweden/ OR exp Switzerland/ OR exp Turkey/ OR exp Ukraine/ 

OR exp United Kingdom/ OR exp Uzbekistan/ OR exp Vatican City/ OR exp Wales/ OR Europe.mp. OR 

European.mp. OR Albania.mp. OR Andorra.mp. OR Armenia.mp. OR Armenia.mp. OR Austria.mp. OR 

Azerbaijan.mp. OR Belarus.mp. OR Belgium.mp. OR Bosnia.mp. OR Bulgaria.mp. OR Croatia.mp. OR 

Czech Republic.mp. OR Denmark.mp. OR England.mp. OR Estonia.mp. OR Finland.mp. OR France.mp. 

OR Georgia.mp. OR Germany.mp. OR Gibraltar.mp. OR Greece.mp. OR Herzegovina.mp. OR 

Hungary.mp. OR Iceland.mp. OR Ireland.mp. OR Italy.mp. OR Kazakhstan.mp. OR Kosovo.mp. OR 

Kyrgyzstan.mp. OR Latvia.mp. OR Liechtenstein.mp. OR Lithuania.mp. OR Luxembourg.mp. OR 

Malta.mp. OR Moldova.mp. OR Monaco.mp. OR Montenegro.mp. OR Netherlands.mp. OR North 

Macedonia.mp. OR Northern Ireland.mp. OR Norway.mp. OR Poland.mp. OR Portugal.mp. OR 

Romania.mp. OR Russia.mp. OR San Marino.mp. OR Scotland.mp. OR Serbia.mp. OR Slovakia.mp. OR 

Slovenia.mp. OR Spain.mp. OR Sweden.mp. OR Switzerland.mp. OR Turkey.mp. OR Ukraine.mp. OR 

United Kingdom.mp. OR Uzbekistan.mp. OR Vatican City.mp. OR Wales.mp. OR Albanian.mp. OR 

Armenian.mp. OR Austrian.mp. OR Belgian.mp. OR Bosnian.mp. OR Bulgarian.mp. OR Croatian.mp. 

OR Czech.mp. OR Danish.mp. OR British.mp. OR Estonian.mp. OR Finnish.mp. OR French.mp. OR 

Georgian.mp. OR German.mp. OR Greek.mp. OR Hungarian.mp. OR Icelandic.mp. OR Irish.mp. OR 

Italian.mp. OR Kosovan.mp. OR Latvian.mp. OR Lithuanian.mp. OR Moldovan.mp. OR Dutch.mp. OR 

Macedonian.mp. OR Norwegian.mp. OR Polish.mp. OR Romanian.mp. OR Russian.mp. OR Scottish.mp. 

OR Serbian.mp. OR Slovakian.mp. OR Slovenian.mp. OR Spanish.mp. OR Swedish.mp. OR Swiss.mp. 

OR Turkish.mp. OR Ukrainian.mp. OR Welsh.mp.)) OR ((exp Pacemaker, Artificial/ OR pacemaker.mp. 

OR pacemakers.mp. OR exp Heart, Artificial/ OR artificial heart.mp. OR artificial hearts.mp. OR exp 

Heart-Assist Devices/ OR Artificial Heart .mp. OR Artificial Ventricle.mp. OR Artificial Ventricles.mp. 

OR Heart Assist Device.mp. OR Heart Assist Devices.mp. OR Heart Assist Pump.mp. OR Heart Assist 

Pumps.mp. OR Vascular Assist Device.mp. OR Vascular Assist Devices.mp. OR Ventricle Assist 

Device.mp. OR Ventricle Assist Devices.mp. OR Ventricular Assist Device.mp. OR Ventricular Assist 

Devices.mp. OR exp Heart Valve Prosthesis/ OR Heart Valve Prosthesis.mp. OR Heart Valve 

Prosthesis.mp. OR Cardiac Valve Prosthesis.mp. OR Cardiac Valve Prostheses.mp. OR Heart 

Prosthesis.mp. OR Heart Prosthesis.mp. OR Cardiac Prosthesis.mp. OR Cardiac Prostheses.mp. OR 
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artificial heart valves.mp. OR artificial heart valve.mp. OR artificial valves.mp. OR artificial valves.mp. 

OR exp Defibrillators, Implantable/ OR Implantable Defibrillator.mp. OR Implantable Defibrillators.mp. 

OR Implantable Cardioverter Defibrillator.mp. OR Implantable Cardioverter Defibrillators.mp. OR 

bioresorbable vascular scaffold.mp. OR bioresorbable vascular scaffolds.mp. OR transcatheter aortic 

valve implantation.mp. OR transcatheter aortic valve implant.mp. OR transcatheter aortic valve 

implants.mp. OR TAVI.mp. OR transseptal mitral valve-in-ring.mp. OR TMVR.mp. OR 

(percutaneous.mp. AND left anterior.mp. AND aortic cusp.mp.) OR LAAOC.mp. OR ((exp Heart/ OR 

heart.mp. OR cardiac.mp.) AND (exp Prostheses and Implants/ OR Prostheses.mp. OR Prosthesis.mp. 

OR Implants.mp. OR Implant.mp. OR replacement.mp. OR replacements.mp.))) AND (exp *Registries/ 

OR register.ti. OR registers.ti. OR registry.ti. OR registries.ti. OR register.in OR registers.in OR 

registry.in OR registries.in) AND (exp European Union/ OR European Union.mp. OR European 

Community.mp. OR European Coal and Steel Community.mp. OR Common Market.mp. OR EEC.mp. 

OR European Economic Community.mp. OR European Common Market.mp. OR European Economic 

Area.mp. OR exp Europe/ OR exp Albania/ OR exp Andorra/ OR exp Armenia/ OR exp Armenia/ OR 

exp Austria/ OR exp Azerbaijan/ OR exp Republic of Belarus/ OR exp Belgium/ OR exp Bosnia and 

Herzegovina/ OR exp Bulgaria/ OR exp Croatia/ OR exp Czech Republic/ OR exp Denmark/ OR exp 

England/ OR exp Estonia/ OR exp Finland/ OR exp France/ OR exp Georgia/ OR exp Germany/ OR exp 

Gibraltar/ OR exp Greece/ OR exp Hungary/ OR exp Iceland/ OR exp Ireland/ OR exp Italy/ OR exp 

Kazakhstan/ OR exp Kosovo/ OR exp Kyrgyzstan/ OR exp Latvia/ OR exp Liechtenstein/ OR exp 

Lithuania/ OR exp Luxembourg/ OR exp Malta/ OR exp Moldova/ OR exp Monaco/ OR exp 

Montenegro/ OR exp Netherlands/ OR exp Republic of North Macedonia/ OR exp Northern Ireland/ OR 

exp Norway/ OR exp Poland/ OR exp Portugal/ OR exp Romania/ OR exp Russia/ OR exp San Marino/ 

OR exp Scotland/ OR exp Serbia/ OR exp Slovakia/ OR exp Slovenia/ OR exp Spain/ OR exp Sweden/ 

OR exp Switzerland/ OR exp Turkey/ OR exp Ukraine/ OR exp United Kingdom/ OR exp Uzbekistan/ 

OR exp Vatican City/ OR exp Wales/ OR Europe.mp. OR European.mp. OR Albania.mp. OR 

Andorra.mp. OR Armenia.mp. OR Armenia.mp. OR Austria.mp. OR Azerbaijan.mp. OR Belarus.mp. OR 

Belgium.mp. OR Bosnia.mp. OR Bulgaria.mp. OR Croatia.mp. OR Czech Republic.mp. OR 

Denmark.mp. OR England.mp. OR Estonia.mp. OR Finland.mp. OR France.mp. OR Georgia.mp. OR 
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Germany.mp. OR Gibraltar.mp. OR Greece.mp. OR Herzegovina.mp. OR Hungary.mp. OR Iceland.mp. 

OR Ireland.mp. OR Italy.mp. OR Kazakhstan.mp. OR Kosovo.mp. OR Kyrgyzstan.mp. OR Latvia.mp. 

OR Liechtenstein.mp. OR Lithuania.mp. OR Luxembourg.mp. OR Malta.mp. OR Moldova.mp. OR 

Monaco.mp. OR Montenegro.mp. OR Netherlands.mp. OR North Macedonia.mp. OR Northern 

Ireland.mp. OR Norway.mp. OR Poland.mp. OR Portugal.mp. OR Romania.mp. OR Russia.mp. OR San 

Marino.mp. OR Scotland.mp. OR Serbia.mp. OR Slovakia.mp. OR Slovenia.mp. OR Spain.mp. OR 

Sweden.mp. OR Switzerland.mp. OR Turkey.mp. OR Ukraine.mp. OR United Kingdom.mp. OR 

Uzbekistan.mp. OR Vatican City.mp. OR Wales.mp. OR Albanian.mp. OR Armenian.mp. OR 

Austrian.mp. OR Belgian.mp. OR Bosnian.mp. OR Bulgarian.mp. OR Croatian.mp. OR Czech.mp. OR 

Danish.mp. OR British.mp. OR Estonian.mp. OR Finnish.mp. OR French.mp. OR Georgian.mp. OR 

German.mp. OR Greek.mp. OR Hungarian.mp. OR Icelandic.mp. OR Irish.mp. OR Italian.mp. OR 

Kosovan.mp. OR Latvian.mp. OR Lithuanian.mp. OR Moldovan.mp. OR Dutch.mp. OR 

Macedonian.mp. OR Norwegian.mp. OR Polish.mp. OR Romanian.mp. OR Russian.mp. OR Scottish.mp. 

OR Serbian.mp. OR Slovakian.mp. OR Slovenian.mp. OR Spanish.mp. OR Swedish.mp. OR Swiss.mp. 

OR Turkish.mp. OR Ukrainian.mp. OR Welsh.mp.))) AND (2013 OR 2014 OR 2015 OR 2016 OR 2017 

OR 2018 OR 2019 OR 2020 OR 2021 OR 2022).yr 

 

PubMed – Orthopaedic registries 

((("Arthroplasty, Replacement, Hip"[majr] OR "Hip Prosthesis"[majr] OR "hip replacement"[ti] OR "hip 

replacement*"[ti] OR "hip arthroplasty"[ti] OR "hip arthroplast*"[ti] OR "hip prosthesis"[ti] OR "hip 

prosthe*"[ti] OR "THA"[ti] OR "THR"[ti] OR "hip implant"[ti] OR "hip implants"[ti] OR "Arthroplasty, 

Replacement, Knee"[majr] OR "Knee Prosthesis"[majr] OR "knee replacement"[ti] OR "knee 

replacement*"[ti] OR "knee arthroplasty"[ti] OR "knee arthroplast*"[ti] OR "knee prosthesis"[ti] OR 

"knee prosthe*"[ti] OR "TKA"[ti] OR "TKR"[ti] OR "knee implant"[ti] OR "knee implants"[ti] OR 

"Arthroplasty, Replacement, Shoulder"[majr] OR "Shoulder Prosthesis"[majr] OR "shoulder 

replacement"[ti] OR "shoulder replacement*"[ti] OR "shoulder arthroplasty"[ti] OR "shoulder 

arthroplast*"[ti] OR "shoulder prosthesis"[ti] OR "shoulder prosthe*"[ti] OR "shoulder implant"[ti] OR 

"knee implants"[ti] OR "Arthroplasty, Replacement, Ankle"[majr] OR "Ankle Prosthesis"[majr] OR 
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"ankle replacement"[ti] OR "ankle replacement*"[ti] OR "ankle arthroplasty"[ti] OR "ankle 

arthroplast*"[ti] OR "ankle prosthesis"[ti] OR "ankle prosthe*"[ti] OR "ankle implant"[ti] OR "ankle 

implants"[ti] OR (("Hip"[majr] OR "Hip Joint"[majr] OR "hip"[ti] OR "hips"[ti] OR "Knee"[majr] OR 

"Knee Joint"[majr] OR "knee"[ti] OR "knees"[ti] OR "Shoulder"[majr] OR "Shoulder Joint"[majr] OR 

"Shoulder"[ti] OR "Shoulders"[ti] OR "Ankle"[majr] OR "Ankle Joint"[majr] OR "ankle"[ti] OR 

"ankles"[ti]) AND ("Prostheses and Implants"[majr] OR "Prostheses"[ti] OR "Prosthesis"[ti] OR 

"Implants"[ti] OR "Implant"[ti] OR "replacement"[ti] OR "replacements"[ti] OR "arthroplasty"[ti] OR 

"arthroplast*"[ti]))) AND ("Registries"[Mesh] OR "register"[tw] OR "registers"[tw] OR "registry"[tw] 

OR "registries"[tw] OR "register"[ad] OR "registers"[ad] OR "registry"[ad] OR "registries"[ad]) AND 

("European Union"[Mesh] OR "European Union"[tw] OR "European Community"[tw] OR "European 

Coal and Steel Community"[tw] OR "Common Market"[tw] OR "EEC"[tw] OR "European Economic 

Community"[tw] OR "European Common Market"[tw] OR "European Economic Area"[tw] OR 

"Europe"[Mesh] OR "Albania"[mesh] OR "Andorra"[mesh] OR "Armenia"[mesh] OR "Armenia"[mesh] 

OR "Austria"[mesh] OR "Azerbaijan"[mesh] OR "Republic of Belarus"[mesh] OR "Belgium"[mesh] OR 

"Bosnia and Herzegovina"[mesh] OR "Bulgaria"[mesh] OR "Croatia"[mesh] OR "Czech 

Republic"[mesh] OR "Denmark"[mesh] OR "England"[mesh] OR "Estonia"[mesh] OR "Finland"[mesh] 

OR "France"[mesh] OR "Georgia"[mesh] OR "Germany"[mesh] OR "Gibraltar"[mesh] OR 

"Greece"[mesh] OR "Hungary"[mesh] OR "Iceland"[mesh] OR "Ireland"[mesh] OR "Italy"[mesh] OR 

"Kazakhstan"[mesh] OR "Kosovo"[mesh] OR "Kyrgyzstan"[mesh] OR "Latvia"[mesh] OR 

"Liechtenstein"[mesh] OR "Lithuania"[mesh] OR "Luxembourg"[mesh] OR "Malta"[mesh] OR 

"Moldova"[mesh] OR "Monaco"[mesh] OR "Montenegro"[mesh] OR "Netherlands"[mesh] OR 

"Republic of North Macedonia"[mesh] OR "Northern Ireland"[mesh] OR "Norway"[mesh] OR 

"Poland"[mesh] OR "Portugal"[mesh] OR "Romania"[mesh] OR "Russia"[mesh] OR "San 

Marino"[mesh] OR "Scotland"[mesh] OR "Serbia"[mesh] OR "Slovakia"[mesh] OR "Slovenia"[mesh] 

OR "Spain"[mesh] OR "Sweden"[mesh] OR "Switzerland"[mesh] OR "Turkey"[Mesh] OR 

"Ukraine"[mesh] OR "United Kingdom"[mesh] OR "Uzbekistan"[mesh] OR "Vatican City"[mesh] OR 

"Wales"[mesh] OR "Europe"[tw] OR "European"[tw] OR "Albania"[tw] OR "Andorra"[tw] OR 

"Armenia"[tw] OR "Armenia"[tw] OR "Austria"[tw] OR "Azerbaijan"[tw] OR "Belarus"[tw] OR 
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"Belgium"[tw] OR "Bosnia"[tw] OR "Bulgaria"[tw] OR "Croatia"[tw] OR "Czech Republic"[tw] OR 

"Denmark"[tw] OR "England"[tw] OR "Estonia"[tw] OR "Finland"[tw] OR "France"[tw] OR 

"Georgia"[tw] OR "Germany"[tw] OR "Gibraltar"[tw] OR "Greece"[tw] OR "Herzegovina"[tw] OR 

"Hungary"[tw] OR "Iceland"[tw] OR "Ireland"[tw] OR "Italy"[tw] OR "Kazakhstan"[tw] OR 

"Kosovo"[tw] OR "Kyrgyzstan"[tw] OR "Latvia"[tw] OR "Liechtenstein"[tw] OR "Lithuania"[tw] OR 

"Luxembourg"[tw] OR "Malta"[tw] OR "Moldova"[tw] OR "Monaco"[tw] OR "Montenegro"[tw] OR 

"Netherlands"[tw] OR "North Macedonia"[tw] OR "Northern Ireland"[tw] OR "Norway"[tw] OR 

"Poland"[tw] OR "Portugal"[tw] OR "Romania"[tw] OR "Russia"[tw] OR "San Marino"[tw] OR 

"Scotland"[tw] OR "Serbia"[tw] OR "Slovakia"[tw] OR "Slovenia"[tw] OR "Spain"[tw] OR 

"Sweden"[tw] OR "Switzerland"[tw] OR "Turkey"[tw] OR "Ukraine"[tw] OR "United Kingdom"[tw] OR 

"Uzbekistan"[tw] OR "Vatican City"[tw] OR "Wales"[tw] OR "Albanian"[tw] OR "Armenian"[tw] OR 

"Austrian"[tw] OR "Belgian"[tw] OR "Bosnian"[tw] OR "Bulgarian"[tw] OR "Croatian"[tw] OR 

"Czech"[tw] OR "Danish"[tw] OR "British"[tw] OR "Estonian"[tw] OR "Finnish"[tw] OR "French"[tw] 

OR "Georgian"[tw] OR "German"[tw] OR "Greek"[tw] OR "Hungarian"[tw] OR "Icelandic"[tw] OR 

"Irish"[tw] OR "Italian"[tw] OR "Kosovan"[tw] OR "Latvian"[tw] OR "Lithuanian"[tw] OR 

"Moldovan"[tw] OR "Dutch"[tw] OR "Macedonian"[tw] OR "Norwegian"[tw] OR "Polish"[tw] OR 

"Romanian"[tw] OR "Russian"[tw] OR "Scottish"[tw] OR "Serbian"[tw] OR "Slovakian"[tw] OR 

"Slovenian"[tw] OR "Spanish"[tw] OR "Swedish"[tw] OR "Swiss"[tw] OR "Turkish"[tw] OR 

"Ukrainian"[tw] OR "Welsh"[tw])) OR (("Arthroplasty, Replacement, Hip"[Mesh] OR "Hip 

Prosthesis"[Mesh] OR "hip replacement"[tw] OR "hip replacement*"[tw] OR "hip arthroplasty"[tw] OR 

"hip arthroplast*"[tw] OR "hip prosthesis"[tw] OR "hip prosthe*"[tw] OR "THA"[tw] OR "THR"[tw] OR 

"hip implant"[tw] OR "hip implants"[tw] OR "Arthroplasty, Replacement, Knee"[Mesh] OR "Knee 

Prosthesis"[Mesh] OR "knee replacement"[tw] OR "knee replacement*"[tw] OR "knee arthroplasty"[tw] 

OR "knee arthroplast*"[tw] OR "knee prosthesis"[tw] OR "knee prosthe*"[tw] OR "TKA"[tw] OR 

"TKR"[tw] OR "knee implant"[tw] OR "knee implants"[tw] OR "Arthroplasty, Replacement, 

Shoulder"[Mesh] OR "Shoulder Prosthesis"[Mesh] OR "shoulder replacement"[tw] OR "shoulder 

replacement*"[tw] OR "shoulder arthroplasty"[tw] OR "shoulder arthroplast*"[tw] OR "shoulder 

prosthesis"[tw] OR "shoulder prosthe*"[tw] OR "shoulder implant"[tw] OR "knee implants"[tw] OR 
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"Arthroplasty, Replacement, Ankle"[Mesh] OR "Ankle Prosthesis"[Mesh] OR "ankle replacement"[tw] 

OR "ankle replacement*"[tw] OR "ankle arthroplasty"[tw] OR "ankle arthroplast*"[tw] OR "ankle 

prosthesis"[tw] OR "ankle prosthe*"[tw] OR "ankle implant"[tw] OR "ankle implants"[tw] OR 

(("Hip"[mesh] OR "Hip Joint"[Mesh] OR "hip"[tw] OR "hips"[tw] OR "Knee"[mesh] OR "Knee 

Joint"[mesh] OR "knee"[tw] OR "knees"[tw] OR "Shoulder"[Mesh] OR "Shoulder Joint"[Mesh] OR 

"Shoulder"[tw] OR "Shoulders"[tw] OR "Ankle"[mesh] OR "Ankle Joint"[mesh] OR "ankle"[tw] OR 

"ankles"[tw]) AND ("Prostheses and Implants"[Mesh] OR "Prostheses"[tw] OR "Prosthesis"[tw] OR 

"Implants"[tw] OR "Implant"[tw] OR "replacement"[tw] OR "replacements"[tw] OR "arthroplasty"[tw] 

OR "arthroplast*"[tw]))) AND ("Registries"[majr] OR "register"[ti] OR "registers"[ti] OR "registry"[ti] 

OR "registries"[ti] OR "register"[ad] OR "registers"[ad] OR "registry"[ad] OR "registries"[ad]) AND 

("European Union"[Mesh] OR "European Union"[tw] OR "European Community"[tw] OR "European 

Coal and Steel Community"[tw] OR "Common Market"[tw] OR "EEC"[tw] OR "European Economic 

Community"[tw] OR "European Common Market"[tw] OR "European Economic Area"[tw] OR 

"Europe"[Mesh] OR "Albania"[mesh] OR "Andorra"[mesh] OR "Armenia"[mesh] OR "Armenia"[mesh] 

OR "Austria"[mesh] OR "Azerbaijan"[mesh] OR "Republic of Belarus"[mesh] OR "Belgium"[mesh] OR 

"Bosnia and Herzegovina"[mesh] OR "Bulgaria"[mesh] OR "Croatia"[mesh] OR "Czech 

Republic"[mesh] OR "Denmark"[mesh] OR "England"[mesh] OR "Estonia"[mesh] OR "Finland"[mesh] 

OR "France"[mesh] OR "Georgia"[mesh] OR "Germany"[mesh] OR "Gibraltar"[mesh] OR 

"Greece"[mesh] OR "Hungary"[mesh] OR "Iceland"[mesh] OR "Ireland"[mesh] OR "Italy"[mesh] OR 

"Kazakhstan"[mesh] OR "Kosovo"[mesh] OR "Kyrgyzstan"[mesh] OR "Latvia"[mesh] OR 

"Liechtenstein"[mesh] OR "Lithuania"[mesh] OR "Luxembourg"[mesh] OR "Malta"[mesh] OR 

"Moldova"[mesh] OR "Monaco"[mesh] OR "Montenegro"[mesh] OR "Netherlands"[mesh] OR 

"Republic of North Macedonia"[mesh] OR "Northern Ireland"[mesh] OR "Norway"[mesh] OR 

"Poland"[mesh] OR "Portugal"[mesh] OR "Romania"[mesh] OR "Russia"[mesh] OR "San 

Marino"[mesh] OR "Scotland"[mesh] OR "Serbia"[mesh] OR "Slovakia"[mesh] OR "Slovenia"[mesh] 

OR "Spain"[mesh] OR "Sweden"[mesh] OR "Switzerland"[mesh] OR "Turkey"[Mesh] OR 

"Ukraine"[mesh] OR "United Kingdom"[mesh] OR "Uzbekistan"[mesh] OR "Vatican City"[mesh] OR 

"Wales"[mesh] OR "Europe"[tw] OR "European"[tw] OR "Albania"[tw] OR "Andorra"[tw] OR 
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"Armenia"[tw] OR "Armenia"[tw] OR "Austria"[tw] OR "Azerbaijan"[tw] OR "Belarus"[tw] OR 

"Belgium"[tw] OR "Bosnia"[tw] OR "Bulgaria"[tw] OR "Croatia"[tw] OR "Czech Republic"[tw] OR 

"Denmark"[tw] OR "England"[tw] OR "Estonia"[tw] OR "Finland"[tw] OR "France"[tw] OR 

"Georgia"[tw] OR "Germany"[tw] OR "Gibraltar"[tw] OR "Greece"[tw] OR "Herzegovina"[tw] OR 

"Hungary"[tw] OR "Iceland"[tw] OR "Ireland"[tw] OR "Italy"[tw] OR "Kazakhstan"[tw] OR 

"Kosovo"[tw] OR "Kyrgyzstan"[tw] OR "Latvia"[tw] OR "Liechtenstein"[tw] OR "Lithuania"[tw] OR 

"Luxembourg"[tw] OR "Malta"[tw] OR "Moldova"[tw] OR "Monaco"[tw] OR "Montenegro"[tw] OR 

"Netherlands"[tw] OR "North Macedonia"[tw] OR "Northern Ireland"[tw] OR "Norway"[tw] OR 

"Poland"[tw] OR "Portugal"[tw] OR "Romania"[tw] OR "Russia"[tw] OR "San Marino"[tw] OR 

"Scotland"[tw] OR "Serbia"[tw] OR "Slovakia"[tw] OR "Slovenia"[tw] OR "Spain"[tw] OR 

"Sweden"[tw] OR "Switzerland"[tw] OR "Turkey"[tw] OR "Ukraine"[tw] OR "United Kingdom"[tw] OR 

"Uzbekistan"[tw] OR "Vatican City"[tw] OR "Wales"[tw] OR "Albanian"[tw] OR "Armenian"[tw] OR 

"Austrian"[tw] OR "Belgian"[tw] OR "Bosnian"[tw] OR "Bulgarian"[tw] OR "Croatian"[tw] OR 

"Czech"[tw] OR "Danish"[tw] OR "British"[tw] OR "Estonian"[tw] OR "Finnish"[tw] OR "French"[tw] 

OR "Georgian"[tw] OR "German"[tw] OR "Greek"[tw] OR "Hungarian"[tw] OR "Icelandic"[tw] OR 

"Irish"[tw] OR "Italian"[tw] OR "Kosovan"[tw] OR "Latvian"[tw] OR "Lithuanian"[tw] OR 

"Moldovan"[tw] OR "Dutch"[tw] OR "Macedonian"[tw] OR "Norwegian"[tw] OR "Polish"[tw] OR 

"Romanian"[tw] OR "Russian"[tw] OR "Scottish"[tw] OR "Serbian"[tw] OR "Slovakian"[tw] OR 

"Slovenian"[tw] OR "Spanish"[tw] OR "Swedish"[tw] OR "Swiss"[tw] OR "Turkish"[tw] OR 

"Ukrainian"[tw] OR "Welsh"[tw]))) AND ("2013/01/01"[PDAT] : "3000/12/31"[PDAT]) 

 

PubMed – Cardiovascular registries 

((("Pacemaker, Artificial"[majr] OR "pacemaker"[ti] OR "pacemakers"[ti] OR "Heart, Artificial"[majr] 

OR "artificial heart"[ti] OR "artificial hearts"[ti] OR "Heart-Assist Devices"[majr] OR "Artificial 

Heart"[ti] OR "Artificial Ventricle"[ti] OR "Artificial Ventricles"[ti] OR "Heart Assist Device"[ti] OR 

"Heart Assist Devices"[ti] OR "Heart Assist Pump"[ti] OR "Heart Assist Pumps"[ti] OR "Vascular Assist 

Device"[ti] OR "Vascular Assist Devices"[ti] OR "Ventricle Assist Device"[ti] OR "Ventricle Assist 

Devices"[ti] OR "Ventricular Assist Device"[ti] OR "Ventricular Assist Devices"[ti] OR "Heart Valve 
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Prosthesis"[majr] OR "Heart Valve Prosthesis"[ti] OR "Heart Valve Prosthesis"[ti] OR "Cardiac Valve 

Prosthesis"[ti] OR "Cardiac Valve Prostheses"[ti] OR "Heart Prosthesis"[ti] OR "Heart Prosthesis"[ti] OR 

"Cardiac Prosthesis"[ti] OR "Cardiac Prostheses"[ti] OR "artificial heart valves"[ti] OR "artificial heart 

valve"[ti] OR "artificial valves"[ti] OR "artificial valves"[ti] OR "Defibrillators, Implantable"[majr] OR 

"Implantable Defibrillator"[ti] OR "Implantable Defibrillators"[ti] OR "Implantable Cardioverter 

Defibrillator"[ti] OR "Implantable Cardioverter Defibrillators"[ti] OR "bioresorbable vascular 

scaffold"[ti] OR "bioresorbable vascular scaffolds"[ti] OR "transcatheter aortic valve implantation"[ti] 

OR "transcatheter aortic valve implant"[ti] OR "transcatheter aortic valve implants"[ti] OR "TAVI"[ti] 

OR "transseptal mitral valve-in-ring"[ti] OR "TMVR"[ti] OR ("percutaneous"[ti] AND "left anterior"[ti] 

AND "aortic cusp"[ti]) OR "LAAOC"[ti] OR (("Heart"[majr] OR "heart"[ti] OR "cardiac"[ti]) AND 

("Prostheses and Implants"[majr] OR "Prostheses"[ti] OR "Prosthesis"[ti] OR "Implants"[ti] OR 

"Implant"[ti] OR "replacement"[ti] OR "replacements"[ti]))) AND ("Registries"[Mesh] OR "register"[tw] 

OR "registers"[tw] OR "registry"[tw] OR "registries"[tw] OR "register"[ad] OR "registers"[ad] OR 

"registry"[ad] OR "registries"[ad]) AND ("European Union"[Mesh] OR "European Union"[tw] OR 

"European Community"[tw] OR "European Coal and Steel Community"[tw] OR "Common Market"[tw] 

OR "EEC"[tw] OR "European Economic Community"[tw] OR "European Common Market"[tw] OR 

"European Economic Area"[tw] OR "Europe"[Mesh] OR "Albania"[mesh] OR "Andorra"[mesh] OR 

"Armenia"[mesh] OR "Armenia"[mesh] OR "Austria"[mesh] OR "Azerbaijan"[mesh] OR "Republic of 

Belarus"[mesh] OR "Belgium"[mesh] OR "Bosnia and Herzegovina"[mesh] OR "Bulgaria"[mesh] OR 

"Croatia"[mesh] OR "Czech Republic"[mesh] OR "Denmark"[mesh] OR "England"[mesh] OR 

"Estonia"[mesh] OR "Finland"[mesh] OR "France"[mesh] OR "Georgia"[mesh] OR "Germany"[mesh] 

OR "Gibraltar"[mesh] OR "Greece"[mesh] OR "Hungary"[mesh] OR "Iceland"[mesh] OR 

"Ireland"[mesh] OR "Italy"[mesh] OR "Kazakhstan"[mesh] OR "Kosovo"[mesh] OR 

"Kyrgyzstan"[mesh] OR "Latvia"[mesh] OR "Liechtenstein"[mesh] OR "Lithuania"[mesh] OR 

"Luxembourg"[mesh] OR "Malta"[mesh] OR "Moldova"[mesh] OR "Monaco"[mesh] OR 

"Montenegro"[mesh] OR "Netherlands"[mesh] OR "Republic of North Macedonia"[mesh] OR "Northern 

Ireland"[mesh] OR "Norway"[mesh] OR "Poland"[mesh] OR "Portugal"[mesh] OR "Romania"[mesh] 

OR "Russia"[mesh] OR "San Marino"[mesh] OR "Scotland"[mesh] OR "Serbia"[mesh] OR 
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"Slovakia"[mesh] OR "Slovenia"[mesh] OR "Spain"[mesh] OR "Sweden"[mesh] OR 

"Switzerland"[mesh] OR "Turkey"[mesh] OR "Ukraine"[mesh] OR "United Kingdom"[mesh] OR 

"Uzbekistan"[mesh] OR "Vatican City"[mesh] OR "Wales"[mesh] OR "Europe"[tw] OR "European"[tw] 

OR "Albania"[tw] OR "Andorra"[tw] OR "Armenia"[tw] OR "Armenia"[tw] OR "Austria"[tw] OR 

"Azerbaijan"[tw] OR "Belarus"[tw] OR "Belgium"[tw] OR "Bosnia"[tw] OR "Bulgaria"[tw] OR 

"Croatia"[tw] OR "Czech Republic"[tw] OR "Denmark"[tw] OR "England"[tw] OR "Estonia"[tw] OR 

"Finland"[tw] OR "France"[tw] OR "Georgia"[tw] OR "Germany"[tw] OR "Gibraltar"[tw] OR 

"Greece"[tw] OR "Herzegovina"[tw] OR "Hungary"[tw] OR "Iceland"[tw] OR "Ireland"[tw] OR 

"Italy"[tw] OR "Kazakhstan"[tw] OR "Kosovo"[tw] OR "Kyrgyzstan"[tw] OR "Latvia"[tw] OR 

"Liechtenstein"[tw] OR "Lithuania"[tw] OR "Luxembourg"[tw] OR "Malta"[tw] OR "Moldova"[tw] OR 

"Monaco"[tw] OR "Montenegro"[tw] OR "Netherlands"[tw] OR "North Macedonia"[tw] OR "Northern 

Ireland"[tw] OR "Norway"[tw] OR "Poland"[tw] OR "Portugal"[tw] OR "Romania"[tw] OR "Russia"[tw] 

OR "San Marino"[tw] OR "Scotland"[tw] OR "Serbia"[tw] OR "Slovakia"[tw] OR "Slovenia"[tw] OR 

"Spain"[tw] OR "Sweden"[tw] OR "Switzerland"[tw] OR "Turkey"[tw] OR "Ukraine"[tw] OR "United 

Kingdom"[tw] OR "Uzbekistan"[tw] OR "Vatican City"[tw] OR "Wales"[tw] OR "Albanian"[tw] OR 

"Armenian"[tw] OR "Austrian"[tw] OR "Belgian"[tw] OR "Bosnian"[tw] OR "Bulgarian"[tw] OR 

"Croatian"[tw] OR "Czech"[tw] OR "Danish"[tw] OR "British"[tw] OR "Estonian"[tw] OR "Finnish"[tw] 

OR "French"[tw] OR "Georgian"[tw] OR "German"[tw] OR "Greek"[tw] OR "Hungarian"[tw] OR 

"Icelandic"[tw] OR "Irish"[tw] OR "Italian"[tw] OR "Kosovan"[tw] OR "Latvian"[tw] OR 

"Lithuanian"[tw] OR "Moldovan"[tw] OR "Dutch"[tw] OR "Macedonian"[tw] OR "Norwegian"[tw] OR 

"Polish"[tw] OR "Romanian"[tw] OR "Russian"[tw] OR "Scottish"[tw] OR "Serbian"[tw] OR 

"Slovakian"[tw] OR "Slovenian"[tw] OR "Spanish"[tw] OR "Swedish"[tw] OR "Swiss"[tw] OR 

"Turkish"[tw] OR "Ukrainian"[tw] OR "Welsh"[tw])) OR (("Pacemaker, Artificial"[Mesh] OR 

"pacemaker"[tw] OR "pacemakers"[tw] OR "Heart, Artificial"[Mesh] OR "artificial heart"[tw] OR 

"artificial hearts"[tw] OR "Heart-Assist Devices"[mesh] OR "Artificial Heart"[tw] OR "Artificial 

Ventricle"[tw] OR "Artificial Ventricles"[tw] OR "Heart Assist Device"[tw] OR "Heart Assist 

Devices"[tw] OR "Heart Assist Pump"[tw] OR "Heart Assist Pumps"[tw] OR "Vascular Assist 

Device"[tw] OR "Vascular Assist Devices"[tw] OR "Ventricle Assist Device"[tw] OR "Ventricle Assist 
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Devices"[tw] OR "Ventricular Assist Device"[tw] OR "Ventricular Assist Devices"[tw] OR "Heart Valve 

Prosthesis"[Mesh] OR "Heart Valve Prosthesis"[tw] OR "Heart Valve Prosthesis"[tw] OR "Cardiac Valve 

Prosthesis"[tw] OR "Cardiac Valve Prostheses"[tw] OR "Heart Prosthesis"[tw] OR "Heart Prosthesis"[tw] 

OR "Cardiac Prosthesis"[tw] OR "Cardiac Prostheses"[tw] OR "artificial heart valves"[tw] OR "artificial 

heart valve"[tw] OR "artificial valves"[tw] OR "artificial valves"[tw] OR "Defibrillators, 

Implantable"[Mesh] OR "Implantable Defibrillator"[tw] OR "Implantable Defibrillators"[tw] OR 

"Implantable Cardioverter Defibrillator"[tw] OR "Implantable Cardioverter Defibrillators"[tw] OR 

"bioresorbable vascular scaffold"[tw] OR "bioresorbable vascular scaffolds"[tw] OR "transcatheter aortic 

valve implantation"[tw] OR "transcatheter aortic valve implant"[tw] OR "transcatheter aortic valve 

implants"[tw] OR "TAVI"[tw] OR "transseptal mitral valve-in-ring"[tw] OR "TMVR"[tw] OR 

("percutaneous"[tw] AND "left anterior"[tw] AND "aortic cusp"[tw]) OR "LAAOC"[tw] OR 

(("Heart"[mesh] OR "heart"[tw] OR "cardiac"[tw]) AND ("Prostheses and Implants"[Mesh] OR 

"Prostheses"[tw] OR "Prosthesis"[tw] OR "Implants"[tw] OR "Implant"[tw] OR "replacement"[tw] OR 

"replacements"[tw]))) AND ("Registries"[majr] OR "register"[ti] OR "registers"[ti] OR "registry"[ti] OR 

"registries"[ti] OR "register"[ad] OR "registers"[ad] OR "registry"[ad] OR "registries"[ad]) AND 

("European Union"[Mesh] OR "European Union"[tw] OR "European Community"[tw] OR "European 

Coal and Steel Community"[tw] OR "Common Market"[tw] OR "EEC"[tw] OR "European Economic 

Community"[tw] OR "European Common Market"[tw] OR "European Economic Area"[tw] OR 

"Europe"[Mesh] OR "Albania"[mesh] OR "Andorra"[mesh] OR "Armenia"[mesh] OR "Armenia"[mesh] 

OR "Austria"[mesh] OR "Azerbaijan"[mesh] OR "Republic of Belarus"[mesh] OR "Belgium"[mesh] OR 

"Bosnia and Herzegovina"[mesh] OR "Bulgaria"[mesh] OR "Croatia"[mesh] OR "Czech 

Republic"[mesh] OR "Denmark"[mesh] OR "England"[mesh] OR "Estonia"[mesh] OR "Finland"[mesh] 

OR "France"[mesh] OR "Georgia"[mesh] OR "Germany"[mesh] OR "Gibraltar"[mesh] OR 

"Greece"[mesh] OR "Hungary"[mesh] OR "Iceland"[mesh] OR "Ireland"[mesh] OR "Italy"[mesh] OR 

"Kazakhstan"[mesh] OR "Kosovo"[mesh] OR "Kyrgyzstan"[mesh] OR "Latvia"[mesh] OR 

"Liechtenstein"[mesh] OR "Lithuania"[mesh] OR "Luxembourg"[mesh] OR "Malta"[mesh] OR 

"Moldova"[mesh] OR "Monaco"[mesh] OR "Montenegro"[mesh] OR "Netherlands"[mesh] OR 

"Republic of North Macedonia"[mesh] OR "Northern Ireland"[mesh] OR "Norway"[mesh] OR 
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"Poland"[mesh] OR "Portugal"[mesh] OR "Romania"[mesh] OR "Russia"[mesh] OR "San 

Marino"[mesh] OR "Scotland"[mesh] OR "Serbia"[mesh] OR "Slovakia"[mesh] OR "Slovenia"[mesh] 

OR "Spain"[mesh] OR "Sweden"[mesh] OR "Switzerland"[mesh] OR "Turkey"[mesh] OR 

"Ukraine"[mesh] OR "United Kingdom"[mesh] OR "Uzbekistan"[mesh] OR "Vatican City"[mesh] OR 

"Wales"[mesh] OR "Europe"[tw] OR "European"[tw] OR "Albania"[tw] OR "Andorra"[tw] OR 

"Armenia"[tw] OR "Armenia"[tw] OR "Austria"[tw] OR "Azerbaijan"[tw] OR "Belarus"[tw] OR 

"Belgium"[tw] OR "Bosnia"[tw] OR "Bulgaria"[tw] OR "Croatia"[tw] OR "Czech Republic"[tw] OR 

"Denmark"[tw] OR "England"[tw] OR "Estonia"[tw] OR "Finland"[tw] OR "France"[tw] OR 

"Georgia"[tw] OR "Germany"[tw] OR "Gibraltar"[tw] OR "Greece"[tw] OR "Herzegovina"[tw] OR 

"Hungary"[tw] OR "Iceland"[tw] OR "Ireland"[tw] OR "Italy"[tw] OR "Kazakhstan"[tw] OR 

"Kosovo"[tw] OR "Kyrgyzstan"[tw] OR "Latvia"[tw] OR "Liechtenstein"[tw] OR "Lithuania"[tw] OR 

"Luxemfcrdbourg"[tw] OR "Malta"[tw] OR "Moldova"[tw] OR "Monaco"[tw] OR "Montenegro"[tw] OR 

"Netherlands"[tw] OR "North Macedonia"[tw] OR "Northern Ireland"[tw] OR "Norway"[tw] OR 

"Poland"[tw] OR "Portugal"[tw] OR "Romania"[tw] OR "Russia"[tw] OR "San Marino"[tw] OR 

"Scotland"[tw] OR "Serbia"[tw] OR "Slovakia"[tw] OR "Slovenia"[tw] OR "Spain"[tw] OR 

"Sweden"[tw] OR "Switzerland"[tw] OR "Turkey"[tw] OR "Ukraine"[tw] OR "United Kingdom"[tw] OR 

"Uzbekistan"[tw] OR "Vatican City"[tw] OR "Wales"[tw] OR "Albanian"[tw] OR "Armenian"[tw] OR 

"Austrian"[tw] OR "Belgian"[tw] OR "Bosnian"[tw] OR "Bulgarian"[tw] OR "Croatian"[tw] OR 

"Czech"[tw] OR "Danish"[tw] OR "British"[tw] OR "Estonian"[tw] OR "Finnish"[tw] OR "French"[tw] 

OR "Georgian"[tw] OR "German"[tw] OR "Greek"[tw] OR "Hungarian"[tw] OR "Icelandic"[tw] OR 

"Irish"[tw] OR "Italian"[tw] OR "Kosovan"[tw] OR "Latvian"[tw] OR "Lithuanian"[tw] OR 

"Moldovan"[tw] OR "Dutch"[tw] OR "Macedonian"[tw] OR "Norwegian"[tw] OR "Polish"[tw] OR 

"Romanian"[tw] OR "Russian"[tw] OR "Scottish"[tw] OR "Serbian"[tw] OR "Slovakian"[tw] OR 

"Slovenian"[tw] OR "Spanish"[tw] OR "Swedish"[tw] OR "Swiss"[tw] OR "Turkish"[tw] OR 

"Ukrainian"[tw] OR "Welsh"[tw]))) AND ("2013/01/01"[PDAT] : "3000/12/31"[PDAT]) 

 

Web of Science – Orthopaedic registries 

((ti=("Hip Replacement" OR "Hip Prosthesis" OR "hip replacement" OR "hip replacement*" OR "hip 
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arthroplasty" OR "hip arthroplast*" OR "hip prosthesis" OR "hip prosthe*" OR "THA" OR "THR" OR 

"hip implant" OR "hip implants" OR "Knee Replacement" OR "Knee Prosthesis" OR "knee replacement" 

OR "knee replacement*" OR "knee arthroplasty" OR "knee arthroplast*" OR "knee prosthesis" OR "knee 

prosthe*" OR "TKA" OR "TKR" OR "knee implant" OR "knee implants" OR "Shoulder Replacement" 

OR "Shoulder Prosthesis" OR "shoulder replacement" OR "shoulder replacement*" OR "shoulder 

arthroplasty" OR "shoulder arthroplast*" OR "shoulder prosthesis" OR "shoulder prosthe*" OR 

"shoulder 

implant" OR "knee implants" OR "Ankle Replacement" OR "Ankle Prosthesis" OR "ankle replacement" 

OR "ankle replacement*" OR "ankle arthroplasty" OR "ankle arthroplast*" OR "ankle prosthesis" OR 

"ankle prosthe*" OR "ankle implant" OR "ankle implants" OR (("Hip" OR "hip" OR "hips" OR "Knee" 

OR "knee" OR "knees" OR "Shoulder" OR "Shoulder" OR "Shoulders" OR "Ankle" OR "ankle" OR 

"ankles") AND ("Prosthesis" OR "Prostheses" OR "Prosthesis" OR "Implants" OR "Implant" OR 

"replacement" OR "replacements" OR "arthroplasty" OR "arthroplast*"))) AND (ts=("Register" OR 

"register" OR "registers" OR "registry" OR "registries") OR ad=("register" OR "registers" OR "registry" 

OR "registries")) AND TS=("European Union" OR "European Union" OR "European Community" OR 

"European Coal and Steel Community" OR "Common Market" OR "EEC" OR "European Economic 

Community" OR "European Common Market" OR "European Economic Area" OR "Europe" OR 

"Albania" OR "Andorra" OR "Armenia" OR "Armenia" OR "Austria" OR "Azerbaijan" OR "Republic of 

Belarus" OR "Belgium" OR "Bosnia and Herzegovina" OR "Bulgaria" OR "Croatia" OR "Czech 

Republic" OR "Denmark" OR "England" OR "Estonia" OR "Finland" OR "France" OR "Georgia" OR 

"Germany" OR "Gibraltar" OR "Greece" OR "Hungary" OR "Iceland" OR "Ireland" OR "Italy" OR 

"Kazakhstan" OR "Kosovo" OR "Kyrgyzstan" OR "Latvia" OR "Liechtenstein" OR "Lithuania" OR 

"Luxembourg" OR "Malta" OR "Moldova" OR "Monaco" OR "Montenegro" OR "Netherlands" OR 

"Republic of North Macedonia" OR "Northern Ireland" OR "Norway" OR "Poland" OR "Portugal" OR 

"Romania" OR "Russia" OR "San Marino" OR "Scotland" OR "Serbia" OR "Slovakia" OR "Slovenia" 

OR "Spain" OR "Sweden" OR "Switzerland" OR "Turkey" OR "Ukraine" OR "United Kingdom" OR 

"Uzbekistan" OR "Vatican City" OR "Wales" OR "Albanian" OR "Armenian" OR "Austrian" OR 

"Belgian" OR "Bosnian" OR "Bulgarian" OR "Croatian" OR "Czech" OR "Danish" OR "British" OR 
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"Estonian" OR "Finnish" OR "French" OR "Georgian" OR "German" OR "Greek" OR "Hungarian" OR 

"Icelandic" OR "Irish" OR "Italian" OR "Kosovan" OR "Latvian" OR "Lithuanian" OR "Moldovan" OR 

"Dutch" OR "Macedonian" OR "Norwegian" OR "Polish" OR "Romanian" OR "Russian" OR "Scottish" 

OR "Serbian" OR "Slovakian" OR "Slovenian" OR "Spanish" OR "Swedish" OR "Swiss" OR "Turkish" 

OR "Ukrainian" OR "Welsh")) OR (ts=("Hip Replacement" OR "Hip Prosthesis" OR "hip replacement" 

OR "hip replacement*" OR "hip arthroplasty" OR "hip arthroplast*" OR "hip prosthesis" OR "hip 

prosthe*" OR "THA" OR "THR" OR "hip implant" OR "hip implants" OR "Knee Replacement" OR 

"Knee Prosthesis" OR "knee replacement" OR "knee replacement*" OR "knee arthroplasty" OR "knee 

arthroplast*" OR "knee prosthesis" OR "knee prosthe*" OR "TKA" OR "TKR" OR "knee implant" OR 

"knee implants" OR "Shoulder Replacement" OR "Shoulder Prosthesis" OR "shoulder replacement" OR 

"shoulder replacement*" OR "shoulder arthroplasty" OR "shoulder arthroplast*" OR "shoulder 

prosthesis" OR "shoulder prosthe*" OR "shoulder implant" OR "knee implants" OR "Ankle 

Replacement" OR "Ankle Prosthesis" OR "ankle replacement" OR "ankle replacement*" OR "ankle 

arthroplasty" OR "ankle arthroplast*" OR "ankle prosthesis" OR "ankle prosthe*" OR "ankle implant" 

OR "ankle implants" OR (("Hip" OR "hip" OR "hips" OR "Knee" OR "knee" OR "knees" OR "Shoulder" 

OR "Shoulder" OR "Shoulders" OR "Ankle" OR "ankle" OR "ankles") AND ("Prosthesis" OR 

"Prostheses" OR "Prosthesis" OR "Implants" OR "Implant" OR "replacement" OR "replacements" OR 

"arthroplasty" OR "arthroplast*"))) AND ti=("Register" OR "register" OR "registers" OR "registry" OR 

"registries" OR "register" OR "registers" OR "registry" OR "registries") AND ts=("European Union" OR 

"European Union" OR "European Community" OR "European Coal and Steel Community" OR 

"Common Market" OR "EEC" OR "European Economic Community" OR "European Common Market" 

OR "European Economic Area" OR "Europe" OR "Albania" OR "Andorra" OR "Armenia" OR 

"Armenia" OR "Austria" OR "Azerbaijan" OR "Republic of Belarus" OR "Belgium" OR "Bosnia and 

Herzegovina" OR "Bulgaria" OR "Croatia" OR "Czech Republic" OR "Denmark" OR "England" OR 

"Estonia" OR "Finland" OR "France" OR "Georgia" OR "Germany" OR "Gibraltar" OR "Greece" OR 

"Hungary" OR "Iceland" OR "Ireland" OR "Italy" OR "Kazakhstan" OR "Kosovo" OR "Kyrgyzstan" OR 

"Latvia" OR "Liechtenstein" OR "Lithuania" OR "Luxembourg" OR "Malta" OR "Moldova" OR 

"Monaco" OR "Montenegro" OR "Netherlands" OR "Republic of North Macedonia" OR "Northern 
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Ireland" OR "Norway" OR "Poland" OR "Portugal" OR "Romania" OR "Russia" OR "San Marino" OR 

"Scotland" OR "Serbia" OR "Slovakia" OR "Slovenia" OR "Spain" OR "Sweden" OR "Switzerland" OR 

"Turkey" OR "Ukraine" OR "United Kingdom" OR "Uzbekistan" OR "Vatican City" OR "Wales" OR 

"Albanian" OR "Armenian" OR "Austrian" OR "Belgian" OR "Bosnian" OR "Bulgarian" OR "Croatian" 

OR "Czech" OR "Danish" OR "British" OR "Estonian" OR "Finnish" OR "French" OR "Georgian" OR 

"German" OR "Greek" OR "Hungarian" OR "Icelandic" OR "Irish" OR "Italian" OR "Kosovan" OR 

"Latvian" OR "Lithuanian" OR "Moldovan" OR "Dutch" OR "Macedonian" OR "Norwegian" OR 

"Polish" OR "Romanian" OR "Russian" OR "Scottish" OR "Serbian" OR "Slovakian" OR "Slovenian" 

OR "Spanish" OR "Swedish" OR "Swiss" OR "Turkish" OR "Ukrainian" OR "Welsh"))) AND py=(2013 

OR 2014 OR 2015 OR 2016 OR 2017 OR 2018 OR 2019 OR 2020 OR 2021 OR 2022) NOT dt=(meeting 

abstract) 

 

Web of Science – Cardiovascular registries 

((ti=("cardiac implantable electronic device" OR "artificial heart pacemaker" OR "pacemaker" OR 

"pacemakers" OR "Artificial Heart" OR "artificial heart" OR "artificial hearts" OR "Heart Assist Device" 

OR "Artificial Heart" OR "Artificial Ventricle" OR "Artificial Ventricles" OR "Heart Assist Device" OR 

"Heart Assist Devices" OR "Heart Assist Pump" OR "Heart Assist Pumps" OR "Vascular Assist Device" 

OR "Vascular Assist Devices" OR "Ventricle Assist Device" OR "Ventricle Assist Devices" OR 

"Ventricular Assist Device" OR "Ventricular Assist Devices" OR "Heart Valve Prosthesis" OR "Heart 

Valve Prosthesis" OR "Heart Valve Prosthesis" OR "Cardiac Valve Prosthesis" OR "Cardiac Valve 

Prostheses" OR "Heart Prosthesis" OR "Heart Prosthesis" OR "Cardiac Prosthesis" OR "Cardiac 

Prostheses" OR "artificial heart valves" OR "artificial heart valve" OR "artificial valves" OR "artificial 

valves" OR "Implantable Defibrillator" OR "Implantable Defibrillator" OR "Implantable Defibrillators" 

OR "Implantable Cardioverter Defibrillator" OR "Implantable Cardioverter Defibrillators" OR 

"bioresorbable vascular stent" OR "bioresorbable vascular scaffold" OR "bioresorbable vascular 

scaffolds" OR "transcatheter aortic valve implantation" OR "transcatheter aortic valve implantation" OR 

"transcatheter aortic valve implant" OR "transcatheter aortic valve implants" OR "TAVI" OR "transseptal 

mitral valve-in-ring" OR "TMVR" OR "LAAOC" OR (("Heart" OR "heart" OR "cardiac") AND 
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("Prosthesis" OR "Prostheses" OR "Prosthesis" OR "Implants" OR "Implant" OR "replacement" OR 

"replacements"))) AND (ts=("Register" OR "register" OR "registers" OR "registry" OR "registries") OR 

ad=("register" OR "registers" OR "registry" OR "registries")) AND TS=("European Union" OR 

"European Union" OR "European Community" OR "European Coal and Steel Community" OR 

"Common Market" OR "EEC" OR "European Economic Community" OR "European Common Market" 

OR "European Economic Area" OR "Europe" OR "Albania" OR "Andorra" OR "Armenia" OR 

"Armenia" OR "Austria" OR "Azerbaijan" OR "Republic of Belarus" OR "Belgium" OR "Bosnia and 

Herzegovina" OR "Bulgaria" OR "Croatia" OR "Czech Republic" OR "Denmark" OR "England" OR 

"Estonia" OR "Finland" OR "France" OR "Georgia" OR "Germany" OR "Gibraltar" OR "Greece" OR 

"Hungary" OR "Iceland" OR "Ireland" OR "Italy" OR "Kazakhstan" OR "Kosovo" OR "Kyrgyzstan" OR 

"Latvia" OR "Liechtenstein" OR "Lithuania" OR "Luxembourg" OR "Malta" OR "Moldova" OR 

"Monaco" OR "Montenegro" OR "Netherlands" OR "Republic of North Macedonia" OR "Northern 

Ireland" OR "Norway" OR "Poland" OR "Portugal" OR "Romania" OR "Russia" OR "San Marino" OR 

"Scotland" OR "Serbia" OR "Slovakia" OR "Slovenia" OR "Spain" OR "Sweden" OR "Switzerland" OR 

"Turkey" OR "Ukraine" OR "United Kingdom" OR "Uzbekistan" OR "Vatican City" OR "Wales" OR 

"Albanian" OR "Armenian" OR "Austrian" OR "Belgian" OR "Bosnian" OR "Bulgarian" OR "Croatian" 

OR "Czech" OR "Danish" OR "British" OR "Estonian" OR "Finnish" OR "French" OR "Georgian" OR 

"German" OR "Greek" OR "Hungarian" OR "Icelandic" OR "Irish" OR "Italian" OR "Kosovan" OR 

"Latvian" OR "Lithuanian" OR "Moldovan" OR "Dutch" OR "Macedonian" OR "Norwegian" OR 

"Polish" OR "Romanian" OR "Russian" OR "Scottish" OR "Serbian" OR "Slovakian" OR "Slovenian" 

OR "Spanish" OR "Swedish" OR "Swiss" OR "Turkish" OR "Ukrainian" OR "Welsh")) OR (ts=("cardiac 

implantable electronic device" OR "artificial heart pacemaker" OR "pacemaker" OR "pacemakers" OR 

"Artificial Heart" OR "artificial heart" OR "artificial hearts" OR "Heart Assist Device" OR "Artificial 

Heart" OR "Artificial Ventricle" OR "Artificial Ventricles" OR "Heart Assist Device" OR "Heart Assist 

Devices" OR "Heart Assist Pump" OR "Heart Assist Pumps" OR "Vascular Assist Device" OR "Vascular 

Assist Devices" OR "Ventricle Assist Device" OR "Ventricle Assist Devices" OR "Ventricular Assist 

Device" OR "Ventricular Assist Devices" OR "Heart Valve Prosthesis" OR "Heart Valve Prosthesis" OR 

"Heart Valve Prosthesis" OR "Cardiac Valve Prosthesis" OR "Cardiac Valve Prostheses" OR "Heart 
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Prosthesis" OR "Heart Prosthesis" OR "Cardiac Prosthesis" OR "Cardiac Prostheses" OR "artificial heart 

valves" OR "artificial heart valve" OR "artificial valves" OR "artificial valves" OR "Implantable 

Defibrillator" OR "Implantable Defibrillator" OR "Implantable Defibrillators" OR "Implantable 

Cardioverter Defibrillator" OR "Implantable Cardioverter Defibrillators" OR "bioresorbable vascular 

stent" OR "bioresorbable vascular scaffold" OR "bioresorbable vascular scaffolds" OR "transcatheter 

aortic valve implantation" OR "transcatheter aortic valve implantation" OR "transcatheter aortic valve 

implant" OR "transcatheter aortic valve implants" OR "TAVI" OR "transseptal mitral valve-in-ring" OR 

"TMVR" OR "LAAOC" OR (("Heart" OR "heart" OR "cardiac") NEAR/4 ("Prosthesis" OR "Prostheses" 

OR "Prosthesis" OR "Implants" OR "Implant" OR "replacement" OR "replacements"))) AND 

ti=("Register" OR "register" OR "registers" OR "registry" OR "registries" OR "register" OR "registers" 

OR "registry" OR "registries") AND ts=("European Union" OR "European Union" OR "European 

Community" OR "European Coal and Steel Community" OR "Common Market" OR "EEC" OR 

"European Economic Community" OR "European Common Market" OR "European Economic Area" OR 

"Europe" OR "Albania" OR "Andorra" OR "Armenia" OR "Armenia" OR "Austria" OR "Azerbaijan" OR 

"Republic of Belarus" OR "Belgium" OR "Bosnia and Herzegovina" OR "Bulgaria" OR "Croatia" OR 

"Czech Republic" OR "Denmark" OR "England" OR "Estonia" OR "Finland" OR "France" OR "Georgia" 

OR "Germany" OR "Gibraltar" OR "Greece" OR "Hungary" OR "Iceland" OR "Ireland" OR "Italy" OR 

"Kazakhstan" OR "Kosovo" OR "Kyrgyzstan" OR "Latvia" OR "Liechtenstein" OR "Lithuania" OR 

"Luxembourg" OR "Malta" OR "Moldova" OR "Monaco" OR "Montenegro" OR "Netherlands" OR 

"Republic of North Macedonia" OR "Northern Ireland" OR "Norway" OR "Poland" OR "Portugal" OR 

"Romania" OR "Russia" OR "San Marino" OR "Scotland" OR "Serbia" OR "Slovakia" OR "Slovenia" 

OR "Spain" OR "Sweden" OR "Switzerland" OR "Turkey" OR "Ukraine" OR "United Kingdom" OR 

"Uzbekistan" OR "Vatican City" OR "Wales" OR "Albanian" OR "Armenian" OR "Austrian" OR 

"Belgian" OR "Bosnian" OR "Bulgarian" OR "Croatian" OR "Czech" OR "Danish" OR "British" OR 

"Estonian" OR "Finnish" OR "French" OR "Georgian" OR "German" OR "Greek" OR "Hungarian" OR 

"Icelandic" OR "Irish" OR "Italian" OR "Kosovan" OR "Latvian" OR "Lithuanian" OR "Moldovan" OR 

"Dutch" OR "Macedonian" OR "Norwegian" OR "Polish" OR "Romanian" OR "Russian" OR "Scottish" 

OR "Serbian" OR "Slovakian" OR "Slovenian" OR "Spanish" OR "Swedish" OR "Swiss" OR "Turkish" 
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OR "Ukrainian" OR "Welsh"))) AND py=(2013 OR 2014 OR 2015 OR 2016 OR 2017 OR 2018 OR 

2019 OR 2020 OR 2021 OR 2022) NOT dt=(meeting abstract) 

 

Google Scholar – Orthopaedic registries 

allintitle: "Hip"|"Knee"|"Shoulder"|"Ankle" "Prosthesis"|"Implant"|"replacement"|"arthroplasty" 

"Register"|"registers"|"registry"|"registries" -"american" -"australian" -"canadian" 

 

Google Scholar – Cardiovascular Registries 

allintitle: "Heart"|"cardiac" "Prosthesis"|"Implant"|"replacement" 

"Register"|"registers"|"registry"|"registries" -"american" -"australian" -"canadian" 

allintitle: "cardiac implant"|"pacemaker"|"Artificial Heart"|"Implantable Defibrillator" 

"Register"|"registers"|"registry"|"registries" -"american" -"australian" -"canadian" 

allintitle: "TAVI"|"TMVR"|"LAAOC" "Register"|"registers"|"registry"|"registries" -"american" - 

"australian" -"canadian" 

Publication date limit: (2013 OR 2014 OR 2015 OR 2016 OR 2017 OR 2018 OR 2019 OR 2020 OR 

2021 OR 2022) 
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Supplementary Table 1A: Cardiovascular registries – Domain Identification   
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Supplementary Table 2A: Cardiovascular registries – Domain Maturity 

 
 

Supplementary Table 3A: Cardiovascular registries – Domain Governance 
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Supplementary Table 4A: Cardiovascular registries – Domain Coverage, design & organisation  
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Supplementary Table 5A: Cardiovascular registries – Manufacturers mentioned in annual reports, 

peer-reviewed publications & websites 
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Supplementary Table 6A: Cardiovascular registries – Domain data quality & completeness  
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Supplementary Table 7A: Cardiovascular registries – Outcomes reported, definition & duration of 

follow-up 
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Supplementary Table 8A: Cardiovascular registries – Domain Safety & performance 
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Supplementary Table 1B: Orthopaedic registries – Domain Identification 
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Supplementary Table 2B: Orthopaedic registries – Domain Maturity 
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Supplementary Table 3B: Orthopaedic registries – Domain Governance 

 
 

Supplementary Table 4B: Orthopaedic registries – Domain Coverage, Design & Organisation  
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Supplementary Table 5B: Orthopaedic registries – Manufacturers mentioned in annual reports, peer-

reviewed publications & websites  
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Supplementary Table 6B: Orthopaedic registries – Domain Data quality & completeness 
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Supplementary Table 7B: Orthopaedic registries – Outcomes reported, definition & follow-up 
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Supplementary Table 8B: Orthopaedic registries – Domain Safety & performance 
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A.2 Appendix 2: Paper published in J Bone Joint Surg Am 

 

Validating Orthopaedic Data Evaluation Panel (ODEP) ratings across 9 orthopaedic registries: total hip 

implants with an ODEP Rating perform better than those without an ODEP Rating (J Bone Joint Surg 

Am 2024, Epub May 31. doi: 10.2106/JBJS.23.00793) 

 

Introduction 

In the United States of America, medical devices are regulated by the Food and Drug Administration.[1] 

In the European Union (EU), medical devices are regulated according the Medical Device Regulation 

(MDR), aiming to provide “a robust, transparent, predictable, and sustainable regulatory framework for 

medical devices which ensures a high level of safety and health whilst supporting innovation”.[2, 3] To 

ensure patient safety, the MDR requires manufacturers to monitor their implants’ performances, e.g. 

total hip (TH) and total knee (TK) implants, by benchmarking (“a systematic process of determining 

whether an implant meets specified performance levels”).[4, 5] Several methods for benchmarking TH- 

and TK-implants are used, e.g. comparing implants to: i) the best-performing implant; ii) the average 

performance of comparable implants, and iii) absolute thresholds by using objective-performance-

criteria (OPC).[6-15] 

The Orthopaedic Data Evaluation Panel (ODEP) rating is an example of OPC used to promote 

evidence-based selection of implants by assigning a rating to implants presenting evidence of meeting 

survivorship criteria.(10) ODEP-ratings are available for: i) TH-components (cups/stems); ii) TK-implants 

(tibial-femoral combinations); iii) unicondylar knee implants; iv) shoulder components (glenoid/stems); 

v) reverse shoulder implants; vi) total elbow implants, and vii) spine implants (cervical discs). The ODEP 

benchmarks implants based on revision data from observational studies (e.g. single-centre studies, 

manufacturers in-house sources or registry data). Thus, not all ODEP-ratings are based on registry data. 

The submitted data is supplied by manufacturers using standardised ODEP-submission forms.(16) Not all 

implants on the market are submitted to ODEP as data submission is voluntary, but surgeons and 

hospitals are encouraged to use ODEP-rated implants. As different data sources can be used by 

manufacturers to submit their application for an ODEP-rating, these data may not be representative of 

daily-clinical practice. Therefore, before submission, manufacturers have to declare that “the clinical 

data submitted is representative of all studies that have been conducted in relation to it”. The ODEP-

rating includes a number (years of evidence) and a letter (strength of evidence). The latter denotes 

performance of implants based on OPC at specific timepoints (3/5/7/10/13/15-years), i.e. minimum 

number of centers and surgeons, size of the cohort, patients at risk, and the maximum revision rate. 

Implants can be rated as A* (highest), A (lower), B (where usage is limited but the implant is extremely 

important or for new implants introduced in a limited manner), starting from 3-years of evidence. 

Implants not meeting ODEPs’ benchmark-criteria (Table 1) are not rated. Although originally focused on 

the United Kingdom (UK), the ODEP-rating is increasingly used internationally for quality assessment of 



  

 D3.1 Decision framework to assess the performance of high-risk medical devices - 130 - 

implants.(17-19) In the Dutch Arthroplasty Register, 100% of all TH-cups and -stems and 92% of all TK-

implants used in 2019 were assigned an ODEP-rating. In the UK, comparable numbers were reported in 

2018.(18, 20) Although increasingly used, external validation of ODEP-ratings across multiple registries 

has never been undertaken.  

We therefore aimed to assess across multiple registries whether: 1) Higher (A*) ODEP-rated TH- and TK-
implants have lower cumulative revision risks (CRR) than lower (A) ODEP-rated implants; and 2) the 
extent to which A*-rated implants would receive the A*-rating based on pooled registries CRR. Since the 
maximum revision rate for A*-rated implants is lower than for A-rated implants, we hypothesised that 
A*-rated implants have lower CRR across registries than A-rated implants. Furthermore, we expected 
the majority – rather than all – of A*-rated implants to be A*-rated based on the pooled registries CRR, 
as revision risks are also influenced by e.g. surgeon factors potentially affecting implant performances. 
 
 

Table 1. ODEP-benchmark-criteria for TH- and TK-implants  

 TH-implant – ODEP criteria A* ratings 3A*  5A*  7A*  10A*  13A*  15A*  

      Minimum number of centres outside development 

centre(s) 

3  3  3  3  3  3  

      Minimum number of surgeons outside of 

development centre(s) 

3  3  3  3  3  3  

      Minimum total cohort 150  250  350  500  500  500  

      Minimum at risk at benchmark time 150  225  300  400  400  400  

      Maximum revision rate† 3.0%  3.5%  4.0%  5.0%  6.5%  8.0%  

 TH-implant – ODEP criteria A ratings 3A  5A  7A  10A  13A  15A  

      Minimum number of centres and surgeons 3  3  3  3  3  3  

      Minimum total cohort 150  250  350  500  500  500  

      Minimum at risk at benchmark time 72  66  60  51  42  40  

      Maximum revision rate† 5.0%  5.5%  6.0%  7.0%  8.5%  10.0%  

 TH-implant – ODEP criteria B ratings 3B  5B  7B  10B  13B  15B  

      Minimum number of centres and surgeons 1  1  1  1  1  1  

      Minimum total cohort 100  100  100  100  100  100  

      Minimum at risk at benchmark time 40  40  40  40  40  40  

      Maximum value of 95% lower confidence limit for 

revision rate 

3.0%  3.5%  4.0%  5.0%  6.5%  8.0%  

 TK-implant – ODEP criteria A* ratings 3A*  5A*  7A*  10A*  13A*  15A*  
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      Minimum number of centres outside development 

centre(s) 

3  3  3  3  3  3  

      Minimum number of surgeons outside of 

development centre(s) 

3  3  3  3  3  3  

      Minimum total cohort 150  250  350  500  500  500  

      Minimum at risk at benchmark time 150  225  300  400  400  400  

      Maximum revision rate† 3.5%  4.0%  4.5%  5.0%  6.0%  6.5%  

 TK-implant – ODEP criteria A ratings 3A  5A  7A  10A  13A  15A  

      Minimum number of centres and surgeons 3  3  3  3  3  3  

      Minimum total cohort 150  250  350  500  500  500  

      Minimum at risk at benchmark time 66  60  55  51  51  45  

      Maximum revision rate† 5.5%  6.0%  6.5%  7.0%  8.0%  8.5%  

 TK-implant – ODEP criteria B ratings 3B  5B  7B  10B  13B  15B  

      Minimum number of centres and surgeons 1  1  1  1  1  1  

      Minimum total cohort 100  100  100  100  100  100  

      Minimum at risk at benchmark time 66  60  55  51  45  42  

      Maximum value of 95% lower confidence limit for 

revision rate 

3.5%  4.0%  4.5%  5.0%  6.0%  6.5%  

 TH- and TK-implant – ODEP criteria pre-entry A* Product launched under Beyond Compliance  

 TH- and TK-implant – ODEP criteria pre-entry A Product details supplied to ODEP  

 †The upper 95% confidence interval for KM revision rate (1-Survival) must be lower than the specified level   

 

Material and Methods 

The ODEP-rating  

The data submitted to ODEP is evaluated by a voluntary independent panel of orthopaedic-experts. To 

prevent camouflage (i.e. the performance of a specific implant design variant concealed because 

different variants exist under the same implant name)(21), the ODEP-panel reviews implants at the 

product-code-level(21)  (Table 1(10)). After being assigned an ODEP-rating, manufacturers have to 

resubmit new evidence at every ODEP-milestone to prevent their implants from being lapsed, which not 

all manufacturers may do.(10) ODEP usually only lapse an ODEP-rating after a “grace” period of one-year 

before the ODEP-rating is removed. Implants not meeting the benchmark-criteria do not receive an 

ODEP-rating. 
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Matching registry data to ODEP-ratings 

European registries were identified using a systematic review supplemented by non-European registries 

as listed on the website of the Australian Registry.(22, 23) Registries were included if they reported 

implant-specific CRR including standard error (SE) or 95% confidence interval (95%CI) to allow pooling 

data, and if they were “active” (“publishing ≥1 annual report/paper containing registries’ data, during or 

later than 2018”(23)). CRR was defined as the number of patients who needed to undergo a revision up 

to a certain timepoint as a proportion of the total number of patients at risk after a primary procedure.  

The following registry data were extracted for TH-components (cups and stems), TH-implants 

(cup-stem combinations) and TK-implants (tibial-femoral combinations): name, manufacturer, fixation, 

number of implants, and CRR with SE and/or 95%CI. If only the 95%CI was provided, the SE was 

calculated by subtracting the upper- and lower-95%CI and dividing this by 3,92.(24) 

Implants in registry data were identified, based on implant name, as having received an ODEP-rating or 

not (Figures 1-2). ODEP-matched implants with a B-rating were excluded because they are assigned for 

implants with limited usage. 

 

 
Figure 1: Flowchart showing the matching process for TH-components and TK-implants 
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Figure 2: Flowchart showing the matching process for TH-implants 

 

Data analysis 

Before comparing CRR differences between higher- and lower-rated implants, we assessed whether 

ODEP-rated implants are a selection of implants. We therefore evaluated whether ODEP-matched 

implants differed from unmatched implants without and with multiple ODEP-ratings (red boxes; Figures 

1-2) regarding CRR, using independent t-tests.  

Within ODEP-matched implants, random effects models were used to calculate the pooled 

registries CRR (3/5/10-year) for A*- and A-rated implants, including the DerSimonian-Laird estimator to 

consider the heterogeneity between implant designs.(25) ODEP-ratings (A*/A) was included as a factor 

to test for group differences. This analysis was done separately for TH-components and TK-implants. For 

TH-implants, comparable random effects models were used but then comparing A*A*- with AA-hip-

stem-combinations. The I2 was used to estimate the extent of heterogeneity in the pooled registries 

CRR, which was considered low (25%), moderate (50%), or high (75%).(26, 27) Exploring reasons for 

observed heterogeneities, the same analyses were conducted separately by fixation of each TH-

component and TK- and TH-implants and for TH-implants also whether components were from the 

same/different manufacturer. 

To answer the second research question, random effects models were used to calculate the 

pooled CRR (3/5/10-year) with 95%CI for each TH-component across all registries in which it was 

reported. These pooled registries CRR were then compared with ODEP-benchmark-criteria (Table 1) to 

assess if the TH-component met the A*-criteria. We then calculated the percentage of A*-rated TH-

components that would receive an A*-rating based on the pooled registries CRR, and similarly for A-

rated TH-components. Considering that implants’ performances may differ across registries, we also 
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examined the median (range) number of registries in which each TH-component would be assigned an 

A*-rating and also how many TH-components would consistently get an A*-rating in all registries in 

which it was reported. 

Metafor Package in R-statics (version:4.1.2) was used for analyses. Significance was set at p-

value<0,05.  

 

Results 

Nine registries were included (Figure 3) of which the latest annual reports (data until 12/2019) of eight 

registries were used(18, 28-34) and up-to-date (until 03/2021) registry-website data of one registry(35). 

Mean patient/procedure-level completeness of the included registries was 87.3% (range:40%(28)-

99%(18)).  

 

 
Figure 3: Flowchart of included registries 

 

Nine registries reported on 583 unique TH-cups (2,615,890 implants), 618 TH-stems (2,567,442 

implants), and eight registries on 634 TH-implants (2,266,864 implants) and 508 TK-implants (2,940,899 

implants) (Supplementary Tables 1-4). 313 (54%) cups, 356 (58%) stems, 218 (34%) TH-implants, and 68 

(13%) TK-implants reported by registries were matched to ODEP-ratings. Percentages of ODEP-matching 
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varied widely between registries: ranging 35-69% (cups), 46-80% (stems), 22-55% (TH-implants) and 6-

20% (TK-implants). For unmatched implants due to multiple ODEP-ratings, the median number of 

possible ODEP-ratings was: 2 (range:2-6) for cups, 2 (range:2-8) for stems, and 4 (range:2-48) for TK-

implants (data not shown). Since only 13% of TK-implants were matched, they were not further 

analysed. The main reason for failure to match is that the granularity with which ODEP-ratings are 

applied to a TK-implant is much more detailed than most registry reports of a TK-implant. 

 

ODEP-matched versus ODEP-unmatched TH-implants 

ODEP-matched cups and stems had significantly lower 5- and 10-year (cups also 3-year) CRR than 

unmatched cups and stems without an ODEP-rating, but had comparable CRR compared to unmatched 

cups and stems with multiple ODEP-ratings (Table 2). ODEP-matched TH-implants had significantly lower 

CRR at all follow-up points compared with ODEP-unmatched TH-implants (Table 3). 

 

 

 
 

A*-rated versus A-rated TH-implants 

No overall differences in CRR were found between A*- and A-rated TH-implants (Tables 4-5). Moderate 

to high (range:67-95%) heterogeneity was found reflecting between-implant variation in CRR (Tables 4-

5). Exploring this heterogeneity, analyses were repeated by fixation which again showed no significant 

differences in 3/5/10-year CRR for all analysed groups; moderate to high heterogeneity remained (data 

not shown). Within the same manufacturer TH-implants, A*A*-implants had significantly lower 3- and 5-

year CRR than AA-implants. Within different manufacturer TH-implants, no significant differences were 

found (data not shown).  
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ODEP-ratings based on pooled registries CRR 

From all ODEP-matched A*-rated cups and stems, 39% cups and 42% stems would also get an A*-rating 

based on the pooled registries CRR at 3-year, 44% cups and 35% stems at 5-year, and 30% cups and 5% 

stems at 10-year (Table 6, Supplementary Figures 1-2 for implant-level results). Analysing cups and 

stems reported by ≥2 registries, resulted in similar percentages at 3- and 5-year, but lower percentages 

at 10-year (Table 6). Cups and stems qualifying for an A*-rating based on the pooled registries CRR, 

would get an A*-rating in a median of 1 registry at all follow-up points (range:0-4 (cups) and 0-6 (stems)) 

(Supplementary Table 5, Supplementary Figures 1-2). Three cups and stems would consistently get an 

A*-rating in all registries at 3-year, 4 cups and 2 stems at 5-year, and 3 cups and 0 stems at 10-year 

(Supplementary Tables 5-6). 

 

From all ODEP-matched A-rated cups and stems, 24% cups and 31% stems would get an A*-rating based 

on the pooled registries CRR at 3-year, 24% cups and 32% stems at 5-year, and 22% cups and 23% stems 

at 10-year (Table 6, Supplementary Figures 3-4). Analysing A-rated cups and stems reported by ≥2 

registries, these percentages were: 27% cups and 30% stems (3-year), 18% cups and 25% stems (5-year), 

and 33% cups and 40% stems (10-year) (Table 6). Cups qualifying for an A*-rating based on the pooled 

registries CRR, would get an A*-rating in a median of 0 registries at all follow-up points (range:0-5) 

(Supplementary Table 7). For stems these were: a median of 1 registry (range:0-2) at 3-year, 1 registry 

(range:0-2) at 5-year, and 0 registries (range:0-1) at 10-year (Supplementary Table 8). Zero cups and 1 

stem would consistently receive an A*-rating in all registries at 3-year, 1 cup and 2 stems at 5-year, and 

no cup or stem at 10-year (Supplementary Tables 7-8). 
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Discussion 

This multi-registry study showed that ODEP-matched TH-implants had significantly lower CRR than 

unmatched TH-implants without an ODEP-rating. Within matched TH-implants, higher ODEP-rated 

implants did not differ in CRR than lower ODEP-rated implants. TK-implants were not analysed as only 

13% of TK-implants reported by registries were matched to an ODEP-rating. Only 39% of A*-rated cups 

and 42% of A*-rated stems would be assigned the A*-rating based on the pooled registries CRR at 3-

year, but also 24% of A-rated cups and 31% A-rated stems (with similar or lower percentages at longer 

follow-up) and assigned ODEP-ratings varied across registries. The latter implies that assigned ODEP-

ratings do not necessarily apply to TH-implants’ performances in other countries and therefore registries 

should first validate ODEP-ratings using country-specific data to better guide implant selection in their 

country.  

In principle, OPC like ODEP can be helpful for stakeholders to: i) monitor implants’ 

performances; ii) stimulate continuous evaluation of implants which may result in a higher ODEP-rating 

and prevent losing an ODEP-rating when no data are provided two-years (3/5/13-year ODEP-ratings) or 

three-years (7/10/15-year ODEP-ratings) after an ODEP-rating has been assigned, and iii) use ODEP-

ratings to guide implant selection. ODEP aims to “promote evidence-based selection of implants so that 

patients receive the very best and safest implants”.(36) Our study showed that ODEP-matched TH-

implants had better performance than unmatched TH-implants without an ODEP-rating, suggesting that 

ODEP achieves this aim by encouraging surgeons and hospitals to use ODEP-rated implants.  

Previous studies benchmarked against a predefined-benchmark created by a quality institute, 

others used relative-benchmarks such as the performance not being worse than the – at that time – 

best-performing implant or against the average performance of similar implants.(6, 11-15) Using a 

relative-benchmark means that whether implants are considered to have outlier performances depends 

on the performance of the comparator. As implants’ performances can change over time, the 

comparators’ performance may also change. So, even if an implant continues to have the same 

performance over time, that implant could become an outlier if the comparator improves. This differs 

from using absolute-benchmarks e.g. ODEP-ratings, where the OPC is predefined based on what is 
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considered to be an acceptable level of implants’ performance, making interpretations and assessments 

of implants’ performances more straight-forward.(10) However, absolute-benchmarks need to be 

updated over time (e.g. the ODEP-rating originally had a 10-year benchmark threshold of <10%(10)), so 

it has to be considered whether the OPC are still acceptable. 

A prerequisite for assigning ODEP-ratings is that manufacturers declare that the voluntarily 

submitted data – which may be based on various data sources – are representative for the performance 

of these implants in daily-clinical practice.(10) Our study tested the external validity of the ODEP-rating 

across multiple registries, and showed that about 40% of A*-rated cups and stems would receive this 

ODEP-rating based on the pooled registries CRR but also about a quarter of A-rated cups and stems, 

with the rating inconsistent across registries. Reasons for this inconsistency may be due to differences 

between registries in case-mix, revision indications, smaller 95%CI due to pooling data resulting in 

meeting the OPC, or camouflage.(21) Another explanation, particularly for implants used for decades 

and knowing that implants’ performances have improved over time, may be that CRR apply to patients 

operated in a different period. For some registries the 10-year CRR of implants may include patients 

operated in the previous century, whereas for newer registries it would include patients operated more 

recently. This highlights the importance of including patients from the same period when combining 

data across multiple registries. Nonetheless, if well-established implants continue to be used to the 

same extent, the impact of patients operated long ago on the reported revision estimates will likely be 

small. The inconsistency also underscores the importance of transparent reporting on what submitted 

data sources ODEP-ratings are based as this would also allow validation whether the data is indeed 

representative as claimed by manufacturers. 

Some study limitations should be noted. First, there may be selection bias as some implants 

could not be matched – due to multiple ODEP-ratings – and thus excluded. However, ODEP-matched TH-

implants had similar CRR than unmatched TH-implants with multiple ODEP-ratings, making selection bias 

unlikely. The matching-problem is due to insufficient details on implants reported by registries, resulting 

in a large number of compatible construct combinations within one implant name (“camouflage”).(21) 

To solve this matching-problem –, most prominently in TK-implants – , registries should register 

implants’ product-codes, which is already done by few registries.(37) Second, some registries may not 

include all patients or revisions which may influence the CRR. The Swedish Hip Arthroplasty Register, for 

example, likely underestimates revisions as they exclude revisions due to infection, thus the actual 

implant-level CRR are higher than reported.(32) For TH-implants commonly used in this registry, these 

underestimated CRR may result in an A*-rating being assigned, whereas it might have been an A-rating 

when including all revisions. Similarly, the American Joint Replacement Registry only includes >65 years-

old osteoarthritis patients which may again result in underestimated CRR as literature generally shows 

lower CRR among older patients.(28, 38) Third, registries were mainly excluded for analysis because they 

did not publish CRR with SE or 95%CI, making data comparison and pooling impossible. This highlights 

the importance of international agreement across registries on definitions, reporting detail (e.g. 

product-codes), and methodologies to enable data pooling.(23) Fourth, we evaluated the performance 
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of A* and A hip-stem-combinations to give insight into possible performance differences, but ODEP has 

never rated the combinations, only hip components separately. This is aligned with clinical practice 

where clinicians mix-and-match cups and stems from different manufacturers, often with excellent 

results. This may be a potential reason for some of the mismatch between the pooled CRR and the 

“construct” ODEP-ratings generated. Lastly, we only analysed 3/5/10-year CRR, because they were – 

besides the 1-year CRR – the most frequently reported timepoint, with each registry contributing at 

least two timepoints. 1-year CRR were not analysed as these are not used for ODEP-ratings, where the 

3-year rating is the first. 

In conclusion, clinicians should be encouraged to use implants with a rating such as ODEP as these have 

better CRR than unrated implants. A minority of A*-rated cups and stems would be eligible for an A*-

rating based on the pooled registries CRR and assigned ODEP-ratings varying across registries, indicating 

that implants’ performances vary across countries. Therefore, registries should first validate ODEP-

ratings to better guide implant selection in their country and preferable at the product-code-level to 

prevent camouflage. Making data submission mandatory, including the data source, removing the grace 

period before the ODEP-rating is lost and using revision data from at least two regional/national/multi-

country registries with >95% implant-level completeness(23, 39) would strengthen the ODEP-

benchmarks.   
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Supplementary Figure 1: Forest plots of A*-rated cups in nine registries with cumulative revision risks 

(3/5/10 year) with the red line indicating the A*-OPC 

 
Supplementary Figure 2: Forest plots of A*-rated stems in nine registries with cumulative revision 

risks (3/5/10 year) with the red line indicating the A*-OPC 
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Supplementary Figure 3: Forest plots of A-rated cups in nine registries with cumulative revision risks 

(3/5/10 year) with the red line indicating the A*-OPC 

 
Supplementary Figure 4: Forest plots of A-rated stems in nine registries with cumulative revision risks 

(3/5/10 year) with the red line indicating the A*-OPC 
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A.3 Appendix 3: Paper submitted to Acta Orthopaedica, revisions requested 

 

Comparing safety notices and registry outlier data on total knee implants – A Coordinating Research 

and Evidence for Medical Devices (CORE-MD) study 

 

Introduction 

According to the Food and Drug (FDA) and the European (EU) Medical Device Regulation, all medical 

devices have to be subject to post-market surveillance (PMS) in which manufacturers have to collect 

performance data of their medical devices(2). Once collected, these data need to be analysed by the 

manufacturer to evaluate if any corrective or preventive actions are needed. If action from the 

manufacturer is required, a field safety notice (SN) must be released. SNs can be published on websites 

of manufacturers or national competent authorities. From a safety perspective, arthroplasty implants 

are interesting to analyse, specifically total hip (TH) and total knee (TK) implants, as they are the most 

commonly used arthroplasty implants. In this study, TK-implants were analysed since only one 

manufacturer is involved in its’ design whereas multiple manufacturers can be involved in TH-implants 

(“mix and match”)(5).  

An exemplary case related to SNs for TK-implants is represented by Optetrak (Exactech). In 

2021, Exactech released a SN including a recall of specific Optetrak tibial components following a 

packaging defect that resulted in these components failing earlier than expected(6). In 2022, Exactech 

expanded the recall to include all Optetrak tibial components. At the time of the last recall, a large 

number of components (more than 400,000 globally) had already been sold and potentially used in 

patients(6). However, prior to these recalls, in 2018, the FDA released a SN stating that the Optetrak 

“potentially have non-conforming internal threads” and the TK-implant was therefore under 

investigation by the manufacturer(8). In addition, two peer-reviewed studies demonstrated poor 

implant performance before the recalls; poor patient satisfaction scores(7,9), abnormal clinical and 

radiographic results, and high 3-year revision rates(9). Despite several warnings have been released 

before the recall, the Optetrak continued to be implanted. 

SNs are relevant not only for competent authorities, but also for clinicians as they could be used 

for implant selection. SNs can be issued for a wide variety of issues (e.g. from packaging to material 

integrity) and therefore they do not have to indicate a problem with the performance of a particular TK-

implant. On the other hand, several arthroplasty registries have procedures in place to identify TK-

implants with outlier performance, of which the outlier status relies solely on the risk of revision(10). 

Hence, as these outliers are guaranteed to have performance issues it is expected that these TK-outliers 

will be reflected in SNs. Whereas registries outlier data solely rely on revision data, SNs may also include 

problems based on other outcomes, e.g. poor patient satisfaction scores as for the Optetrak, which will 

be reported to their clinicians earlier than revisions, meaning that these signals could be detected 

earlier. In addition, SNs can be released based on data other than registry data, e.g. peer-reviewed 
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publications. Hence, it is unknown to what extent registry outlier data and SNs would signal the same or 

different TK-implants.  

Therefore, the present study aimed to analyse if discrepancies exist between the TK-implants 

subject to SNs and the TK-outliers identified by registries, and to explore possible reasons for these 

differences. 

 

Materials and Methods 

Design and setting 

This study will compare publicly available SNs for TK-implants, published by national competent 

authorities across 13 countries, with TK-outliers reported by registries. 

 

Identification of Safety Notices 

The Coordinating Research and Evidence for Medical Devices (CORE-MD) PMS tool(11) was used 

to identify TK-implants with publicly released SNs on the websites of competent authorities in the 

following countries: Australia, Czechia, Denmark, France, Germany, Greece, Ireland, Italy, Portugal, 

Spain, Sweden, the United States of America (USA), and the Netherlands. 

Details of the applied methodology in the CORE-MD PMS tool have been published 

previously(11,12). Briefly, the web scraper tool screens the website of each competent authority to collect 

SNs. 

To only include SNs for TK-implants currently on the market, a list of all TK-implants from the 

latest annual reports from the following registries was constructed: American Joint Replacement 

Registry (AJRR)(14), Australian Orthopaedic Association National Joint Replacement Registry 

(AOANJRR)(15), Dutch Arthroplasty Register (LROI)(16), Emilia-Romagna Register (R.I.P.O.)(17), German 

Arthroplasty Registry (EPRD)(18), Swiss National Hip & Knee Joint Registry (SIRIS)(19), the National Joint 

Registry for England, Wales, Northern Ireland, the Isle of Man and Guernsey (NJR)(20). Also, up-to-date 

registry-website data from the Finnish Arthroplasty Register (FAR) was included. 

The brand name of each TK-implant on this list was used as input for the CORE-MD PMS tool, so that all 

their associated SNs would be extracted for further analysis. Based on the extended SN text, the adverse 

event described was linked to an International Medical Device Regulators Forum (IMDRF) medical device 

problem code(21). These IMDRF-codes have a hierarchical alphanumerical coding structure, including a 

letter (i.e. referring to the Annex; A in our case) followed by numerical codes at different levels of 

detail(21,22). Level 1 terms were used in this study, describing 27 different problems (Table 1). This 

linking-process was conducted independently by two researchers (LH and YR): possible discrepancies in 

coding were resolved by discussion. 
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Table 1: List of the 27 IMDRF MD problem codes and relevant description(14) 

 IMDRF code  IMDRF description of medical device problem  

 A01 – Patient Device Interaction 

Problem 
 Problem related to the interaction between the patient and the device. 

 

 

A02 – Manufacturing, Packaging or 

Shipping Problem 
 

Problem associated with any deviations from the documented specifications 

of the device that relate to nonconformity during manufacture to the design 

of an item or to specified manufacturing, packaging or shipping processes 

(out of box problem). 

 

 

A03 – Chemical Problem  

Problem associated with any from the documented specifications of the 

device that relate to any chemical characterization, i.e. element, compound, 

or mixture. 

 

 

A04 – Material Integrity Problem  

Problem associated with any deviations from the documented specifications 

of the device that relate to the limited durability of all material used to 

construct device. 

 

 
A05 – Mechanical Problem  

Problems associated with mechanical actions or defects, including moving 

parts or subassemblies, etc. 

 

 

A06 – Optical Problem  

Problem associated with transmission of visible light affecting the quality of 

the image transmitted or otherwise affecting the intended application of the 

visible light path. 

 

 A07 – Electrical /Electronic Property 

Problem 
 Problem associated with the function of the electrical circuitry of the device. 

 

 
A08 – Calibration Problem  

Problem associated with the operation of the device, related to its accuracy, 

and associated with the calibration of the device. 

 

 

A09 – Output Problem  

Problem associated with any deviation from the documented specifications 

of the device that relate to the end result, data, or test results provided by 

the device. 

 

 A10 – Temperature Problem  Problem associated with the device producing unintended temperatures.  

 
A11 – Computer Software Problem  

Problem associated with written programs, codes, and/or software system 

that affects device performance or communication with another device. 

 

 
A12 – Connection Problem  

Problem associated with linking of the device and/or the functional units set 

up to provide means for a transfer of liquid, gas, electricity or data. 
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A13 – Communication or 

Transmission Problem 
 

Problem associated with the device sending or receiving signals or data. This 

includes transmission among internal components of the device to which the 

device is intended to communicate. 

 

 

A14 – Infusion or Flow Problem  

Problem associated with the device failing to deliver or draw liquids or gases 

as intended (e.g. delivering drugs at incorrect rate, problems with drawing 

fluid from a system). This includes vacuum collection devices and manual or 

mechanical pumps. 

 

 
A15 – Activation, Positioning or 

Separation Problem 
 

Problem associated with any deviations from the documented specifications 

of the device that relate to the sequence of events for activation, positioning 

or separation of device. Note: Deployment is synonymous with activation. 

 

 

A16 – Protective Measures Problem  

Problem associated with any deviations from the documented specifications 

of the device that relate to the implemented and inherited design features 

specific to devices used for reducing risks to patient or caregiver or 

maintaining risks within specified levels. 

 

 
A17 – Compatibility Problem  

Problem associated with compatibility between device, patients or 

substances (medication, body fluid, etc.) 

 

 

A18 – Contamination 

/Decontamination Problem 
 

Problem associated with the presence of any unexpected foreign substance 

found in the device, on its surface or in the package materials, which may 

affect performance or intended use of the device, or problem that 

compromise effective decontamination of the device. 

 

 
A19 – Environmental Compatibility 

Problem 
 

Problem associated with the surrounding conditions in which the device is 

being used such as temperature, noise, lighting, ventilation, or other external 

factors such as power supply. 

 

 
A20 – Installation-Related Problem  

Problem associated with unsatisfactory installation, configuration, and/or 

setup of a specific device. 

 

 A21 – Labelling, Instructions for Use 

or Training Problem 
 

Problem associated with device markings/labelling, instructions for use, 

training and maintenance documentation or guidelines. 

 

 A22 – Human-Device Interface 

Problem 
 

Problem associated with an act or omission of an act that has a different 

result than that intended by the manufacturer or expected by the operator. 

 

 

A23 – Use of Device Problem  

Problem associated with failure to process, service, or operate the device 

according to the manufacturer's recommendations or recognized best 

practices. 
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A24 – Adverse Event Without 

Identified Device or Use Problem 
 

An adverse event (e.g. patient harm) appears to have occurred, but there 

does not appear to have been a problem with the device or the way it was 

used. 

 

 

A25 – No Apparent Adverse Event  

A report has been received but the description provided does not appear to 

relate to an adverse event. This code allows a report to be recorded for 

administration purposes, even if it doesn't meet the requirements for 

adverse event reporting. 

 

 
A26 – Insufficient Information  

An adverse event appears to have occurred but there is not yet enough 

information available to classify the device problem. 

 

 

A27 – Appropriate Term/Code Not 

Available 
 

The device problem is not adequately described by any other term. Note: this 

code must not be used unless there is no other feasible code. The preferred 

term should be documented when submitting an adverse event report. This 

information will be used to determine if a new term should be added to the 

code table. 

 

 

Registries reporting TK-outliers  

Outlier TK-implants currently on the market were identified by EU registries publicly reporting 

on TK-outliers, as found in a systematic review(23), and non-EU registries as listed on the website of the 

AOANJRR(24). All registries’ annual reports and websites were screened, and any reported TK-outlier 

was extracted. For all extracted outliers, it was assessed whether they were reported in the latest 

annual reports and up-to-date website, representing TK-implants currently on the market in these 

registries. If the outlier was not reported in the latest available registry data (i.e. not implanted in the 

past year in the included registries), the outlier was an off-market implant and excluded from further 

analysis. For all outliers, the year of first identification and its’ cumulative revision risks (1/5/10-years), 

including standard error (SE) and/or 95% confidence interval (CI), were extracted. In case only the 95%CI 

was provided, the SE was calculated by subtracting the upper- and lower-95%CI and dividing it by 

3,92(25). 

 

Analysis   

First, the overlap between TK-implants with SNs and outliers was determined by comparing the 

brand name reported in both SNs and registry data. Three groups were characterised: i) TK-implants 

with SNs but not identified as an outlier (“SN only”); ii) TK-implants with SNs and identified as an outlier 

(“both”); iii) TK-implants without SNs and identified as an outlier (“outlier only”). The percentage of TK-

implants in each of these groups was related to the number of unique TK-implants identified by both 

SNs and registry data. 
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Second, to prevent camouflage (i.e. multiple compatible construct combinations existing within 

one implant brand name(26)), the overlap between TK-implants with SNs and outliers across different 

variants under the same brand name was analysed. Three variants were considered: i) fixation (e.g. 

cemented versus uncemented); ii) stability (e.g. cruciate retaining versus hinged), and iii) mobility (e.g. 

fixed versus mobile).  

Third, to explore possible reasons for not signaling the same TK-implants we examined; i) 

differences in the frequency of IMDRF-codes (Table 1) between the three groups, and ii) whether the 

“SN only” group had lower cumulative revision risks (and thus seemingly better performance) than the 

“both” (SN and outlier) group, which might indicate they were not yet signalled as outliers. Random 

effects models were used to calculate the pooled registries cumulative revision risks (1/5/10-year) for 

the “SN only” group, as well as for the “both” group.  

Metafor Package in R-statistics (version:4.1.2) was used for analyses. 

 

Results  

TK-implants with SNs  

The CORE-MD PMS tool included a total of 104,638 SN retrieved from 13 competent authorities (Table 

2) of which 1,327 SN were considered relevant as they matched with a specific TK-implant included in 

the list of TK-implants reported in the latest registry data. For the selected 1,327 SNs, 540 SNs were 

excluded because they were not related to a TK-implant (i.e. associated with surgical protocols) thus 

resulting in 787 SNs included for further analysis (Figure 1). These 787 SNs were relevant to 38 unique 

TK-implants brand names. Figure 2 shows the distribution of these SNs among the brand names and 

originating country, highlighting that the majority was associated with the Nexgen (Zimmer Biomet) 

(n=243, 31%) and SNs mainly originated from the USA (Figure 2). 

 

Table 2: Countries included in the CORE-MD PMS tool 

 Country  Last update date  Safety notices (n)  
Safety notices 

selected (n) 
 

Safety notices on 

TK-implants (n) 
 

 
Australia  

(SARA) 
 31/05/2023  7,208  53  29  

 Czechia  30/03/2023  3,135  15  7  

 Denmark  30/03/2023  4,652  22  11  

 France  12/04/2023  1,474  20  8  

 Germany  30/03/2023  14,544  192  87  
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 Greece  13/04/2023  885  5  3  

 Ireland  31/03/2023  7,096  63  27  

 Italy  29/03/2023  8,713  92  51  

 Portugal  13/04/2023  67  0  0  

 Spain  12/04/2023  3,593  25  10  

 Sweden  12/04/2023  679  2  2  

 
The 

Netherlands 
 31/03/2023  3,830  35  12  

 

The USA  

(Medical 

Device Recall 

Database) 

 01/04/2023  48,762  803  540  

 Total amount    104,638  1,327  787  

 

 
Figure 1: Flowchart showing the selection process of TK-implants with safety notices 
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Figure 2a: TK-implants with the number of SNs by country 
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Figure 2b: TK-implants with the number of SNs by country (excluding the USA) 

 

Outlier TK-implants 

Four national registries (AOANJRR, NJR, Swedish Arthroplasty Register (SAR) and the SIRIS) reported 

outliers. After removing duplicate brand names (i.e. the same brand name was mentioned in more than 

one annual report, or multiple times across registries) and off-market outliers, 35 unique outlier brand 

names were included for further analysis (Table 3). 
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Overlap in outliers and TK-implants with SNs 

Combining the brand names of the 38 TK-implants identified by SN with the 35 outliers resulted 

in 47 unique TK-implant brand names (Figure 3), of which 26 (55%) were in the “both” group, 12 (26%) 

in the “SN only” group, and 9 (19%) in the “outlier only” group (Table 4).  

 

Considering the 26 TK-implants in the “both” group, 7 (27%) TK-implants did not have any 

information in the SN about their fixation, 9 (35%) had no information about their stability and 15 (57%) 

none about their mobility, which would be needed to determine whether the exact same TK-implant 

was concerned (White colour, Table 5). Focusing on specific variants to prevent camouflage, 5 out of 26 

(19%) cemented and 6 (23%) uncemented TK-implants had the same fixation (Green colour, Table 5). 

Two out of 26 (8%) cruciate retaining, 2 (8%) hinged and 9 (35%) posterior stabilised TK-implants had the 

same stability. One (4%) fixed, 1 (4%) mobile and 5 (19%) rotating TK-implants had the same mobility. 

However, 14 out of 26 (54%) cemented and 3 (12%) uncemented TK-implants did not correspond to the 

same TK-implant based on fixation (Red colour, Table 5).  

Six out of 26 (23%) cruciate retaining, 2 (8%) hinged and 7 (27%) posterior stabilised TK-implants did not 

correspond to the same TK-implant based on stability and 3 (12%) fixed, 5 (19%) mobile and 2 (8%) 

rotating TK-implants did not correspond to the same TK-implant on mobility. 
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Revision rates and implant problems  

The pooled median 1-, 5-, and 10-year cumulative revision risks for the “both” group were 1.6% 

(range:0.9-9.5), 6.3 (range:3.6-23.8), and 8.1% (range:5.6-23.8), respectively, compared with 0.7% 

(range:0.3-1.2), 2.8% (range:1.4-4.0), and 3.9% (range:3.1-5.1), for the “SN only” group.   

For the 26 implants in the “both” group, 728 SNs were issued with the most frequently reported 

problem related to “A02-Manufacturing, Packaging or Shipping” (43%), followed by “A23-Use of Device” 

(16%) (Figure 4a). The most frequent type of problem found was similar for the 12 TK-implants in the 

“SN only” group (n= 59 SNs): “A02-Manufacturing, Packaging or Shipping” (44%) (Figure 4b). By looking 

at differences between the two groups, for SNs related to the “both” group, problems relevant to “A05-

Mechanical Problem” (6%) and “A17-Compatibility Problem” (8%), respectively, were also reported 

(Figure 4a). These problems were not encountered for the “SN only” group. 
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Figure 4a: IMDRF-codes for the 26 overlapping on TK-implants (“both” group) (IMDRF-codes including 

their description are listed in Table 1) 

 

Figure 4b: IMDRF-codes for the TK-implants with SNs but not identified as outliers (“SN only” group) 

(IMDRF-codes including their description are listed in Table 1) 
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Discussion   

Using the PMS tool, a multi-country analysis of the content of SNs was performed and compared to TK-

outliers. Approximately half (45%) of outliers were not associated with publicly released SNs on the 

websites of national competent authorities. Implant problems were identified by SNs that did not 

manifest in an outlier status. Finally, TK-implants with both a SN and an outlier status had higher 

cumulative revision risks (1/5/10-year) than TK-implants with SNs only.  

A recent review that assessed the current state of medical device safety signal detection, stated 

that a global dataset of medical device should be created using automatic reports from 

national/regional databases(7). In the absence of such a global dataset, the CORE-MD PMS tool was 

recently developed(9-11). However, our results indicate that creating a global dataset of SNs might still 

not identify a quarter of TK-implants with statistically-relevant poor performances (i.e. TK-outliers). 

Additionally, having SNs published, by itself does not constitute a sufficient and necessary condition for 

being identified a posteriori as outlier (the “SN only” group). However, implementing SNs as an add-on 

in registries may reduce potential adverse events like poor implant performance in patients. In addition, 

SNs related to IMDRF-codes “A05-Mechanical Problem” and “A17-Compatibility Problem” were only 

found in the “both” group and not encountered for the “SN only” group. This observation, once 

confirmed in future studies, could result in a helpful indication to highlight a higher risk for a certain TK-

implant in case the malfunction reported in the SN is associated with these IMDRF-codes. 

SN text does not typically include information relevant to identify specific TK-implants such as 

fixation, stability and mobility. This causes camouflage (i.e. multiple implant variants exist under the 

same implant name)(26) which makes it difficult or even impossible to link the correct TK-implants with 

SNs, and more generally to combine data from different data sources. This information is however 

tremendously important to take action. For example, if a SN only describes the name and manufacturer, 

then it is hard to tell which variant should be taken off the market (if needed) or that it concerns all 

variants. Registries also often only report TK-implants’ brand name without reporting more detailed 

information (e.g. fixation, stabilisation and mobility) to identify which specific implant is concerned. In 

addition, product codes and unique device identifiers (UDIs) were also not reported in SNs or by 

registries, except for the American medical device recall database. Hence, we recommend minimal 

reporting requirements for manufacturers for SNs and also for registries to report outliers, including: full 

brand name, fixation, mobility, stability(28) and product codes or UDIs. 

Orthopaedic registries currently only identify TK-outliers based on revision risks(23), which may 

take several years (at least one) before sufficient numbers are available to detect performance 

problems. Using revision risk may seem a relatively straightforward endpoint (the occurrence of 

“revision”), but both surgeon-, implant-, and patient-factors determine whether an implant is revised 

and between-registry variation exist regarding definitions and reasons of revision(29). Some SNs may be 

released based on clinical performance issues by a specific TK-implant(30). However, as demonstrated 

by the Optetrak, SNs can be released for several reasons and also on a case-by-case analysis (i.e. no 
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minimum number of implants at risk is required), meaning that SNs might provide the first signal of a 

possible performance problem. Hence, registries could use such a signal indicated by SNs, to analyse 

specific TK-implants with released SNs, so that they can observe potential adverse trends in 

performance earlier. 

Our study is the first to assess the extent to which SNs and outlier performance in registry data are 

signaling the same or different TK-implants. Some study limitations should be noted. First, the CORE-MD 

PMS tool searched for SNs published by competent authorities, whereas manufacturers can also publish 

SNs on their own websites. Accordingly, we may have missed some SNs and thereby underestimated the 

number of TK-outliers with SNs. Second, both outliers and TK-implants not identified as an outlier had 

similar distribution by type of IMDRF-problem, suggesting that the IMDRF-code may not be sufficient to 

distinguish TK-implants with SNs and TK-implants with outlier performance. However, only the Level 1 

IMDRF-problem terms were used due to the large number of SNs to be manually classified, so it might 

be possible to detect differences in distribution when Level 2 or 3 problem terms were used. Third, 

other factors such as surgeon- or hospital- performances are known to influence revisions which might 

skew the revision risks data. However as we used data from nine registries consisting of a large amount 

of TK-implants the impact of this on our results is likely to be small. Finally, our analysis does not exclude 

possible duplicates that are the same SNs published in different countries or for different models/lots 

within the country. This is because different countries use diverse formats and criteria to issue SNs: 

some countries issue separate SNs for each model (e.g. the USA), while others publish only one SNs with 

multiple models. Moreover, the aim of this study is to compare both data sources (SNs and outlier data) 

with each other, so excluding duplicate SNs would not have resulted in different study findings. 

 

Conclusion 

Publicly available SNs issued by manufacturers and published by competent national authorities did not 

address about a quarter of the outlier TK-implants identified by registries, but these SN also pointed to 

implants not (yet) identified by registries as outliers. This study highlights the potential of adopting a 

multifaceted approach, integrating various real-world data sources and methods to combine 

information to enhance medical device safety signal detection which would be beneficial for 

manufacturers, clinicians as well as competent authorities. 
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https://aoanjrr.sahmri.com/annual-reports-2022/prostheses-investigations/-/document_library/Yvl83DqzibAE/view/734838?_com_liferay_document_library_web_portlet_DLPortlet_INSTANCE_Yvl83DqzibAE_redirect=https%3A%2F%2Faoanjrr.sahmri.com%2Fannual-reports-2022%2Fprostheses-investigations%2F-%2Fdocument_library%2FYvl83DqzibAE%2Fview%2F734670%3Fp_r_p_resetCur%3Dfalse
https://aoanjrr.sahmri.com/annual-reports-2022/prostheses-investigations/-/document_library/Yvl83DqzibAE/view/734838?_com_liferay_document_library_web_portlet_DLPortlet_INSTANCE_Yvl83DqzibAE_redirect=https%3A%2F%2Faoanjrr.sahmri.com%2Fannual-reports-2022%2Fprostheses-investigations%2F-%2Fdocument_library%2FYvl83DqzibAE%2Fview%2F734670%3Fp_r_p_resetCur%3Dfalse
https://aoanjrr.sahmri.com/annual-reports-2022/prostheses-investigations/-/document_library/Yvl83DqzibAE/view/734838?_com_liferay_document_library_web_portlet_DLPortlet_INSTANCE_Yvl83DqzibAE_redirect=https%3A%2F%2Faoanjrr.sahmri.com%2Fannual-reports-2022%2Fprostheses-investigations%2F-%2Fdocument_library%2FYvl83DqzibAE%2Fview%2F734670%3Fp_r_p_resetCur%3Dfalse
https://www.cas.mhra.gov.uk/ViewandAcknowledgment/ViewAttachment.aspx?Attachment_id=103076
https://www.cas.mhra.gov.uk/ViewandAcknowledgment/ViewAttachment.aspx?Attachment_id=103076
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A.4 Appendix 4: Paper submitted to Int J Technol Assess Health Care 

 

Consensus recommendations to assess the quality and analysis of registry data for (post)market 

surveillance of medical devices 

 

Background 

Post-market surveillance is one of the crucial elements for assuring the safety and performance of 

medical devices. The European Medical Device Regulation (MDR) requires manufacturers to plan and 

conduct post-market surveillance of their medical devices (see Article eighty-three of (EU) 2017/745) (1), 

including the collection of real-world outcomes for patients receiving a specific medical device in clinical 

practice. For post-market surveillance, different data sources can be used including medical device 

registries (2). Notified bodies assess whether manufacturers plan and conduct post-market surveillance 

in a correct manner. Whereas setting up a post-market surveillance system for their device(s) is an 

activity carried out by manufacturers and assessing whether manufacturers plan and conduct it in a 

correct manner is an activity of notified bodies, market surveillance covers the activities conducted by 

regulators to ensure the safety and performance of medical devices placed on the market. 

The systematic collection of real-world data using appropriately designed medical device 

registries contributes to (post)market surveillance as required by the MDR. Registries include all patients 

receiving a specific medical device in a geographically defined region, rather than selected patient groups 

(3). Registries also have the ability to capture infrequent adverse events due to the longer duration of 

follow-up and the large sample size. Moreover, by employing continuous benchmarking they can detect 

devices with outlier performance (1,3-5). There is, however, heterogeneity between registries in the 

definitions and methods that are employed to collect the data, in the outcomes that are included, and in 

publicly reporting relevant structural and methodological variables which might influence the quality of 

the collected data (3). As a result, although tools and regulatory guidelines exist to assess the quality of 

registry data (6,7), it is difficult to judge their regulatory utility. The heterogeneity also makes it difficult 

to combine high-quality data from multiple registries for timely detection of safety concerns for specific 

medical devices. International regulators have produced guidance on usability and methodological 

principles (8,9) and the Food and Drug Administration (FDA) indicated relevance and reliability as the key 

factors to assess real-world data (10). What is lacking however is more prescriptive and detailed guidance 

on which items should be considered by regulators, notified bodies and manufacturers to assess the 

quality and analysis of registry data. Agreeing upon a minimum dataset of items that medical device 

registries should publicly report would assist manufacturers in their selection of data to be used for post-

market surveillance, and allow regulators to determine whether the data may be reliable for the 

evaluation of medical device safety and performance during market surveillance. 
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The aim of this study therefore was to achieve consensus across all stakeholders on a minimum 

dataset of items that is necessary to judge: i) the quality of registry data, and ii) the quality of analysis of 

medical device safety and performance, for evaluation during (post)market surveillance.  

 

Methods 

Study design   

A three-round Delphi method, consisting of two online surveys and one online consensus meeting 

(Figure 1) was used to achieve consensus amongst experts in the evaluation of medical device safety and 

performance. The Delphi method is a validated method that can be used to transform individual 

opinions into group consensus (11).  

 

 

 
Figure 1: Flowchart showing the consensus-process  

In round one, participants were asked to select items from an initial set of twenty-seven items identified 

through literature review and expert advice (3). Of the twenty-seven items, seventeen related to the 

quality of registry data and ten concerned the quality of analysis of medical device safety and 

performance (Table 1). The set of initial items was listed in an online survey and participants were asked 

to indicate using a Likert scale whether each item was: i) not important, ii) somewhat important, or iii) 

very important. All items rated as "somewhat important" and "very important" were fed into the second 

step, as the starting point for participants to create their own minimum dataset. For each item, 

participants were asked if the item was "required" or "not required" in the minimum dataset. In the 

third step, participants could suggest new items that they considered necessary. The first author (LH) 

extracted all newly suggested items and harmonised similar items with different wording between 

participants. 
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Table 1: Initial items concerning quality of registry data (17 items) and concerning analysis of medical 

device performances (10 items)  

 

As input for the online consensus meeting (round two), LH calculated for each the percentage of experts 

who had included this item in their minimum dataset; those selected by at least 70 percent of all 

participants were defined as indicating consensus (12). By email, each participant then received a report 

detailing which items had reached consensus, together with their individual dataset with information on 

how often the remaining items (i.e. items not reaching consensus) appeared in the datasets across all 

participants. During the online consensus meeting, LH first presented the items on which consensus was 

reached. All remaining items that were included at least once in an individual dataset as well as newly 

suggested items were then discussed. The discussion was chaired by PMvdM. After initial discussion on 

a specific item, a poll was created with the following question: “Is this item needed in addition to those 

items already selected in the minimum dataset?” with two possible answers: i) "yes, it is required" and 

ii) "no, it is not required". As before, consensus was defined as ≥70 percent of participants voting for the 

item be included in the dataset (12). If <70 percent of the participants considered that the item was 

required, the item was discussed until consensus was reached to either include or exclude the item from 

the dataset. Participants also had the option to rephrase items on which no consensus was reached, 
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followed by a poll of the rephrased question. This resulted in a final minimum dataset across all 

participants. 

In round three (survey two), participants were asked to rank the items on which consensus had 

been achieved. A total of 100 points had to be allocated across all items related to the quality of registry 

data, and another total of 100 points across all items concerning the quality of analysis of medical device 

safety and performance. More points reflected greater importance. This method was used as it forces 

participants to choose between the items rather than merely rating all items as very important, since 

there is evidence that other rating scales (such as visual analogue scores) have limited capacity to 

differentiate between items (13). Having an average rank for each item may subsequently guide 

regulators, notified bodies and manufacturers how much weight they should place on an item, as in 

practice a registry may score poorly on one item but higher on another. 

 

Survey development  

The two online surveys were developed by LH using Sawtooth (Sun Valley, Idaho, the United States of 

America (USA)) and survey links were distributed via e-mail. Both surveys were first piloted by seven 

PhD students to ensure clear comprehensibility and reliability of the questions. The students provided 

comments which resulted in several (small) adjustments, and both adjusted surveys were tested again 

by the group of PhD students. 

 

Expert panel recruitment  

A total of 101 European experts, divided into four groups of stakeholders, were invited to participate in 

our Delphi panel: i) thirty regulators and notified body representatives, ii) twenty-eight healthcare 

professionals particularly from the orthopaedic and cardiovascular field as together they represent the 

majority of high-risk medical devices (14), iii) twenty-four experts involved in (national) registries, and iv) 

nineteen methodological experts (e.g. on analysis of medical device safety and performance). The aim 

was to include at least ten participants per stakeholder group to ensure sufficient sample size and 

distribution across groups. Experts had two weeks to complete each survey. If experts did not complete 

the survey within this timeframe, LH sent a reminder to those who had not yet responded to give them 

another opportunity to complete the survey within two weeks. If they did not respond to the first survey 

after four weeks, they were considered non-respondents and excluded from further participation. If 

participants completed the first survey but did not participate in the consensus round (round two), their 

input in the first survey was still used in the consensus round to calculate the percentage consensus. 

These participants were also invited to participate in round three (the second survey).  

 

Data analysis 

Descriptive statistics were used to report the response rates in all three rounds; the response rate for 

round one was calculated as the percentage of participants filling in the first survey relative to all invited 
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experts. Response rates for round two and three were calculated as the percentage of those 

participating in round one. For each of the twenty-seven items, the percentage of participants voting 

"required" was calculated in round one. For round three (survey two), the total sum of points and the 

mean number of points assigned to each item were calculated. For each item, we calculated their 

relative weight (i.e. importance) by dividing the mean number of points assigned to that item by the 

number of expected points if all items had equal weight (i.e. 100 / total number of items to be ranked).  

For each participant filling in the online surveys, the time to complete the survey was extracted. 

Consequently, the median time to complete the online surveys was calculated, together with the 

corresponding inter quartile range (IQR).  

Analyses were performed using Microsoft Excel (Redmond, USA). 

 

Results 

Of the 101 experts invited for the Delphi Panel, 51 experts (50 percent) completed round one (survey 

one), of whom 30 (59 percent) participated in the consensus meeting (round two) and 38 (75 percent) 

completed round three (survey two) (Supplementary Table 1). The median time to complete the first 

survey was 8 minutes (IQR: 6 to 19 minutes) and for the second survey 7 minutes (IQR: 5 to 11 minutes).   

 

Round one – selecting an individual minimum dataset  

Consensus was achieved on ten of the seventeen (59 percent) data quality items and eight of the ten (80 

percent) items concerning the quality of analysis of medical device safety and performance 

(Supplementary Figure 1A). The top three data quality items most frequently selected in individual 

minimum datasets were: i) the completeness of procedures (96 percent); ii) the level of information 

provided (92 percent), and iii) the quality assurance system defined/quality check of data (90 percent). 

For items concerning the quality of analysis of medical device safety and performance, the top three 

were: i) the definition of outcome analysed (98 percent); ii) the time period in which devices were 

implanted (94 percent), and iii) the approach to analyse performance (92 percent) (Supplementary 

Figure 1B). A total of eleven new data quality items and one quality of analysis item were suggested 

(Supplementary Table 2). 

 

Round two – creating consensus on a minimum dataset  

During the online consensus meeting, the remaining seven data quality items were discussed 

(Supplementary Figure 1A). During the discussion, two items (items number seven and ten from Table 1) 

were combined into one item "reporting on procedures how to apply for data, who can access and use 

the data" which resulted in consensus (100 percent of participants voted for inclusion, Supplementary 

Figure 2A). In addition, item number five from Table 1 on patients’ consent was rephrased for better 

interpretation into "reporting how patient consent is managed and for which purposes" which then 
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resulted in consensus (86 percent of participants voted for inclusion in the minimum dataset, 

Supplementary Figure 2A).  

Of the eleven newly suggested data quality items, only three items were discussed because none of the 

participants felt that any of the other eight items added sufficiently to the minimum dataset. The three 

items that were discussed were: i) "clearly defined patient inclusion/exclusion criteria"; ii) "important 

confounders/risk factors/exposures, with potential impact on outcome have been identified and 

recorded", and iii) "reporting how validation of the standard is achieved". Only the first item on patient 

selection reached consensus (76 percent of participants voted for inclusion, Supplementary Figure 2B). 

In total, participants voted on nine data quality items of which five items were included in the minimum 

dataset (Supplementary Figure 2B).  

 For items concerning the quality of analysis of medical device safety and performance, two 

remaining items (Supplementary Figure 1B) and one newly suggested item were discussed but none of 

these was included in the minimum dataset (Supplementary Figure 2B).  

Combining the findings of Delphi rounds one and two, Table 2 shows the minimum dataset upon which 

consensus was achieved, which includes fifteen items concerning quality of registry data and eight items 

concerning the analysis.   

 

 

 
Table 2: Items included in the minimum required dataset 
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Round three – ranking items included in the minimum dataset  

Given that fifteen data quality items were selected, the number of expected points assigned if all items 

were equally important was 6,67. Of all data quality items, the item "completeness of procedures" was 

deemed most important for reporting, with a total sum of 421 points assigned across participants (mean 

per participant 11,1 with standard deviation (SD)=10,3), resulting in a relative weight of 1,66 

(Supplementary Figure 3A). The item "reporting missing data for all patients’ characteristics in registry 

(%)" was the second most important, with a total of 334 points (mean 8,8 (SD=4,4) relative weight 1,32). 

The item with the lowest number of points assigned was: "privacy regulation for patients’ identifiable 

information" with 146 (mean 3,8 (SD=3,0) relative weight 0,58). 

As eight data analysis items were selected, the number of expected points assigned if all items were 

equally important was 12,5. Most points were assigned to "definition of outcome analysed" with a total 

of 580 (mean 15,3 points (SD=6,1) and relative weight 1,23) followed by "minimum number of 

patients/procedures at risk required for analysis of performance" (534 points; mean 14,1 (SD=7,2) and 

relative weight 1,13) (Supplementary Figure 3B). The lowest number of points was assigned to the item 

"definition of outlier performance" with 420 (mean 11,1 points (SD=5,3) with a relative weight of 0,88).  

 

Discussion 

This Delphi study, utilising a large panel of European experts involved in the evaluation of medical 

devices, achieved consensus on a minimum dataset of fifteen items concerning quality of registry data 

and eight items concerning the quality of analysis of medical device safety and performance. Of all items 

included in the dataset, "completeness of procedures" and "definition of outcome analysed" were 

deemed most important for data quality and quality of analysis respectively. Publicly reporting by 

registries of this minimum dataset consisting of twenty-three items will allow regulators, notified bodies 

and manufacturers to better judge the utility of registry data for evaluation of medical devices during 

(post)market surveillance.  

 This is the first study to create a minimum required dataset consisting of items on structural and 

methodological characteristics of registries that are important to judge the quality of the data. Previous 

initiatives have focused on achieving common definitions and outcomes across registries to increase 

uniformity of the data collected (6,15-18). The International Medical Device Regulators Forum (IMDRF) 

has produced guidance on assessing the usability of registries and methodological principles for 

performing clinical evaluation and signal detection using registry data (8,9) and other reports emphasized 

the importance of data completeness and accuracy (19,20), to which our minimum dataset adds more 

detail. Compared with the FDA guidance (10), several items are similar, such as common data capture, 

data verification procedures and data completeness. Our minimum dataset includes additional items such 

as reporting on the funding source and the definition of outlier performance. Achieving consensus on 

items for registries to report in order to judge the quality of registry data and analysis of medical device 

safety and performance is an important first step. Our minimum dataset does not make clear what 
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constitutes sufficient quality data, particularly when good scores on some items are combined with worse 

scores on others. The ranking provided in the current study may guide regulators, notified bodies and 

manufacturers on which quality items should be assigned most weight. 

 

Decision framework to assess the safety and performance of medical devices  

The aforementioned FDA guidance document states that the two key factors for assessing real-world 

data are "relevance" and "reliability" (10). Under the key factor "relevance" it is listed that: i) “real-world 

data should contain sufficient detail to capture the use of medical devices, exposure, and the outcomes 

of interest in an appropriate population”; ii) “the use of a specific medical device in a real-world 

population should be representative as captured within the data source, and is generalizable to the 

relevant population being evaluated”, and iii) “available data elements should be able to address the 

question at hand when valid and appropriate methods are used”. "Reliability" covers various aspects of 

data collection (e.g. common definitions and a relevant time window) but also data quality such as 

adherence to verification procedures.  

 The National Institute for Health and Care Excellence (NICE) framework in the United Kingdom is 

not exclusively designed for regulatory decision-making nor does it solely concentrate on medical devices 

(19). Instead, it encompasses a broader spectrum of real-world data sources, including medical device 

registries, to support those developing evidence to inform NICE guidance. The framework highlights that 

real-world data should be “of good provenance, relevant and of sufficient quality to answer the research 

question”, and that evidence should be generated in a transparent way while using “analytical methods 

that minimize risk of bias and characterize uncertainty”. Under data provenance, they consider knowledge 

about the purpose and methods of data collection to be important, as well as data coverage and 

governance. Relevance focuses on generalizable and robust results, where completeness and accuracy 

are key factors considered for data quality. 

In both frameworks, rather general descriptions are given with some examples, they also indicate 

that other factors may be considered, and that contextual factors may determine the acceptability of the 

evidence (e.g. high-quality evidence may be more challenging to generate for rare diseases and devices). 

Thus both frameworks do not specify a minimum dataset of what registries should report to allow 

regulators and manufacturers to assess the safety and performance of medical devices. We therefore 

mapped the items on which consensus was achieved in the current Delphi study, to the more generic 

principles and domains found in these two national frameworks. This resulted in a decision framework 

that may assist regulators when assessing the safety and performance of medical devices for market 

surveillance as well as manufacturers when using registry data for post-market surveillance (Figure 2).  
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Figure 2: Decision framework to assess safety and performance of medical devices (the items listed in 

light grey scoring lower than expected and the items listed in light blue higher than expected, based on 

their relative weight) 

The framework uses relevance and reliability as the guiding principles, consistent with previous FDA 

guidance. Within these principles, we distinguished four domains: data suitability (six items), data 

governance (five items), data quality (five items) and data analysis (eight items). The outcome of interest 

at specific time-points was added because of the large heterogeneity found in a previous systematic 

review in outcomes and time-points captured by registries, and because of the lack of clarity which of 

these outcomes could be included to calculate the benefit-risk ratio for the intended purpose of a 

particular medical device (3). If all these factors are explored and found to indicate good quality data and 

analysis, particularly for the items deemed most important (indicated in blue), then such real-world 

evidence can be considered trustworthy. 

 

Strengths and study limitations 

Our study comprised a large representation of European experts involved in the evaluation of medical 

devices and the management of national registries. It included good representation across multiple 

groups of stakeholders. Our results are therefore likely to reflect the opinion of other European experts 
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in the field of regulatory evaluation of medical devices. Nonetheless, some study limitations should be 

noted. First, we only included experts proposed from the professional network of the Coordinating 

Research and Evidence for Medical Devices (CORE-MD) research group, which consisted solely of 

European experts. Hence, the recommendations drawn from our study may not be generalisable to non-

European countries. A broader inclusion of non-European experts may increase the external validity of 

the minimum dataset. Second, there might be selection bias as only 51 percent of the invited experts 

participated in round one, with fewer participants in the last two rounds. These response rates are 

lower than the Delphi Panel guidelines (12). We believe that the response rates did not relate to the 

length of the surveys, as they were relatively short (median times to complete the surveys were less 

than 8 minutes). Despite the relatively low response rates, our Delphi Panel is still in line with sample 

size recommendation for a Delphi Panel, namely: as small as three members or as large as eighty, 

whereby a sample of approximately fifteen participants is recommended (12,21,22). Importantly, there 

was a balanced participation by all stakeholder groups in all rounds. Third, no manufacturers were 

invited to participate in our Delphi, as they are not included in the CORE-MD network and may be 

influenced by other (commercial) incentives. Last, the time to respond in the Delphi round one and 

three (survey one and two, respectively) was limited, namely four weeks. However, as three-quarters 

(thirty-nine out of fifty-two) of the respondents in round one (survey one) also completed the second 

survey, the effect of this time limit seems to be negligible.  

 

Perspective and future research 

The items listed in our proposed dataset are relatively easy to report publicly, as most medical device 

registries will include these items already. The practical implementation of the minimum required 

dataset has not been tested, so both its usefulness and effectiveness is currently unknown, indicating 

that further research is needed to evaluate the experience with the proposed minimum dataset. Further 

research can determine the thresholds to be used to indicate sufficient quality data, for each item as 

well as for combinations, given that registries could score "sufficient" on one item, but "insufficient" on 

another.  

Our aim is that the proposed minimum dataset will be implemented by registries, not only for 

the benefit of regulators, notified bodies and manufacturers, but also to improve data comparison and 

interoperability between registries. Combining data from medical device registries is crucial to detect 

any safety and performance concerns related to medical devices as early as possible, in order to prevent 

patient harm, which will only be achieved if the data are of sufficient quality. 

 

Conclusions 

Registries reporting publicly on the proposed fifteen items regarding the quality of registry data and the 

eight items concerning the quality of analysis will allow regulators, notified bodies and manufacturers to 

better judge the utility of registry data for evaluation of medical devices during (post)market 
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surveillance. 
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Supplementary Table 1: Participants and response rates for each Delphi round 

 

 

Supplementary Figure 1A: Frequency by which items concerning quality of registry data were selected 

in individual minimum datasets (the number listed behind the item corresponding with the item 

number as listed in the initial set of items (Table 1)) 
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Supplementary Figure 1B: Frequency by which items concerning the quality of analysis of medical device 

safety and performance were selected in the individual minimum datasets (the number listed behind 

the item corresponding with the item number as listed in the initial set of items (Table 1)) 

 

Newly suggested items concerning the quality of registry data  

Type of registry (intervention registry or disease registry)  

Objective and research question clearly identified 

Clearly defined patient inclusion/exclusion criteria  

Including a broad range of patients, to facilitate sub-group analysis 

Collecting important confounders/risk factors/exposures, with potential impact on outcome been identified and recorded 

Collection of information regarding medication 

Set up clear predefined pass/fail criteria (i.e. which outcome value is favourable and which is unfavourable) 

The registry foresee to report safety events in line with applicable regulatory requirements 

The maturity of the medical device class in relation to the technology development 

Collecting surgical techniques- technology assistance during surgery 

How validation of the standard (e.g. financial data from the hospitals, nationally collected routine admin data) is achieved 

is stated (e.g. so that the user can understand whether a claim of e.g. '100% compliance' is likely to be valid) 

Newly suggested items concerning the quality of analysis of medical device safety and performance   

Methods to control for bias are reported 

Supplementary Table 2: Newly suggested items in round one 
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Supplementary Figure 2A: Results from the consensus meeting (round two) – quality of registry data 

items with no consensus in round one to be included (green box) or excluded (red box) to the minimum 

dataset, with voting percentages for each item 

 

 
Supplementary Figure 2B: Results from the consensus meeting (round two) – quality of analysis items 

with no consensus in round one to be included (green box) or excluded (red box) to the minimum 

dataset, with voting percentages for each item 
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Supplementary Figure 3A: Ranking of importance of selected items in the minimum dataset – items 

related to quality of registry data  

Supplementary Figure 3B: Ranking of importance of selected items in the minimum dataset – items 

related to quality of analysis 
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