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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.

D3.1 Decision framework to assess the performance of high-risk medical devices -9-
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1 Introduction

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.

Mecessary data
elements

Relevance Reliability

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).

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.

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.

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)

D3.1 Decision framework to assess the performance of high-risk medical devices -14 -
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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?)

D3.1 Decision framework to assess the performance of high-risk medical devices -15-
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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).

(A) Cardiovascular registries (B) Orthopaedic registries
100% 100%
0% 90%
80% 80%
70% 70%
60% 60%
Ll 50%
40% 40%
30% 30%
20 20%
o 10%
0% 0%
u Identification Maturity = [dentification Maturity
Governance Coverage, design & organisation Governanca Coverage, design & organisation
Data quality & completeness Safety & performance Data quality & completeness Safety & performance

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 295%). 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.

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.

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.

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 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 3 3 3 3 3 3
centre(s)
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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

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% | 55% | 6.0% | 7.0% | 8.5% | 10.0%

Total hip B criteria 3B ‘ 5B 7B 10B 13B 15B
1 1 1 1 1 1

Minimum number of centres and surgeons

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

rate

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 3 3 3 3 3 3
centre(s)

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

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 78 10B 13B 158
1 1 1 1 1 1

Minimum number of centres and surgeons

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 3.5% | 4.0% | 45% | 5.0% | 6.0% 6.5%
rate

"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.

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 Unmatched — no ODEP rating
ratings
Revision Revision N Mean diff Revision Mean diff
risk risk risk
Cups - 3 year 0.1% (- -0.6% (-
2.6% 1,270,520 2.5% 645,191 3.2% 379,345
0.25;0.39) 0.32;-0.94)
Cups -5 year -0.1% (- -2.0% (-
3.1% 1,406,957 3.2% 631,813 5.1% 370,942
0.49;0.30) 1.37;-2.58)
Cups - 10 0.2% (- -6.3% (-
5.6% 944,820 5.4% 506,671 11.8% | 196,116
year 0.79;1.11) 4.43;-8.09)
Stems -3 0.0% (- -0.2% (-
2.7% 1,423,161 2.7% 165,456 2.9% 692,944
year 0.47;0.46) 0.09;0.46)
Stems -5 0.0% (- -0.7% (-
3.4% 1,418,673 3.4% 162,655 4.2% 675,774
year 0.82;0.82) 0.16;-1.30)
Stems - 10 1.0% (- -2.0% (-
6.7% 1,004,520 5.7% 112,264 8.8% 606,571
year 1.73;3.80) 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 O
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 O 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.

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

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.

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.

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 ltalian 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.

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.

TK-implants Outlier TK-
with SNs implants
26
12 9

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.

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.

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.

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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A Data quality items with consensus in round 1
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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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Approach to analyse performance
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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

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.

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

comparison with similar devices (Figure 7).
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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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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

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 lll, 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)
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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.
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Figure 1B: PRISMA flowchart — Orthopaedic registries
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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).

Cardiovascular registries Orthopaedic registries
100% 100%
90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%.
0% ’ 0% ————
i [dentification Maturity w |dentification Maturity
Governance Coverage, design & organisation Governance Coverage, design & organisation
Data quality & completeness = Safety & performance Data quality & completeness © Safety & performance

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
1%t quartile and the higher upper end the 3™ 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 annual report(s)
Published paper(s) containing containing registries’data (2018 Active registry
registries’data (2018 and beyond) and beyond)
Cardiovascular registries — combined 5 out of 7 (71%)
British Cardiovascular Intervention Society No Yes
East Denmark Heart Registry No No
German Society for Thoracic and Cardiovascular Surgery Yes Yes
Polish National Database of Cardiac Surgery Procedures Yes No
Portuguese National Registry of Intervention Cardiology No No
Spanish Cardiac Catheterization and Coronary Intervention Registry | Yes Yes
Western Denmark Heart Registry Yes No
Cardiovascular registries — stents
Polish National Percutaneous Coronary Intervention Registry Yes No
Swedish Coronary Angiography and Angioplasty Registry Yes Yes
Cardiovascular registries — valves 4 out of 11 (36%)
Quality Assurance Registry on Aortic Valve Replacement No No
Austrian-TAVI Registry No No
Belgian TAVI Registry No No
Czech TAVI Registry No No
FinnValve Registry No No
FRANCE-TAVI Registry No No
German Aortic Valve Registry Yes No
Polish Registry of Transcatheter Aortic Valve Implantation Yes No
Spanish Registry of Heart Valves Repair No No
Swedish Transcatheter Cardiac Intervention Registry Yes Yes
Swiss TAVI Registry Yes No
Orthopaedic arthroplasty registries — combined
Croatian Register of endoprothesis No No
German Arthroplasty Register Yes Yes
Finnish Arthroplasty Register No Yes
Irish National Orthopaedic Register No Yes
Lithuanian Arthroplasty Register Yes No
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Dutch Arthroplasty Register Yes Yes
Hungarian Arthroplasty Register No No
Norwegian Arthroplasty Register Yes Yes
Nordic Arthroplasty Register Association Yes No
National Joint Registry for England, Wales, Northern Ireland, Ves Ves
the Isle of Man, and the States of Guernsey

Belgian National Arthroplasty Register No Yes
Catalan Arthroplasty Register No No
National Arthroplasty Registry of Slovenia No Yes
Italian Arthroplasty Registry No Yes
Emilia-Romagna Region Arthroplasty Register Yes Yes
Romanian National Arthroplasty Register No No
Portuguese National Arthroplasty Register No No
Scottish Arthroplasty Project Joint Registry No Yes
Slovakian National Arthroplasty Register No No
Swiss Arthroplasty Register No Yes

Orthopaedic arthroplasty registries — hips
Czech Republic Arthroplasty Register No No
French Arthroplasty Register No Yes
Danish Hip Arthroplasty Register Yes Yes
Swedish Hip Arthroplasty Register Yes Yes
Orthopaedic arthroplasty registries — knees

Danish Knee Arthroplasty Register Yes No
Swedish Knee Arthroplasty Register Yes Yes

Table: Recent activity of included registries
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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 1t quartile and the higher upper end the 3™ 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 295%). 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 Libbeke 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 Niederlander 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 "lreland" 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 "lIrish" 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 "lItaly" 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
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"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 "lItalian".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
*"hioresorbable 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
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"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 "lIrish".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 "lItalian".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 "lItalian".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 ltaly/ 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 "ltalian".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 TAVL.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 "lItaly"[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 "lItaly" 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 "lItalian" 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 "lItalian" 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 "ltaly" 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 "ltalian" 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

Country Design Website Initial motivation / goal

Cardiovascular registries — combined

To promote education, training and research in cardiovascular

British Cardiovascular Intervention Society The UK National | https://www.bcis.org.uk/ intervention and develops and upholds clinical and professional
standards™
East Denmark Heart Registry Denmark National | N/R N/R
‘German Society for Thoracic and Cardiovascular Surgery Germany National | https://www.dgthg.de/ I]:: %ﬁ?gﬁxﬁ:ﬁiﬁ:ﬁ?{iFL:;‘[:e:;:::zfz;;:‘rjig,\empm5 "
Polish National Database of Cardiac Surgery Procedures Poland National | https://krok.csioz.gov.pl/krok/ N/R
To study, investigate and promote other scientific activities
Portuguese National Registry of Intervention Cardiology Portugal National | https://www.apic.pt/ within the scope of medical, surgical, technological, and

organizational aspects of cardiovascular intervention™*”
To report the activity recorded in interventional cardiology
laboratories in Spain™

To promote clinical and health services research on use of
cardiovascular procedures and their outcomes®™

Spanish Cardiac Catheterization and Coronary Intervention Registry | Spain National | N/R

Western Denmark Heart Registry Denmark Regional | N/R

Cardiovascular registries — stents
Polish National Percutaneous Coronary Intervention Registry Poland National | hitps

'www.orpki.cm-uj.krakow.pl/ N/R
To collect relevant information regarding disease severity,
‘www.uer.uu.se/swedeheart/start- | medical and medical-technical treatment from the time of

Swedish Coronary Angiography and Angioplasty Registry Sweden National scaar/ intervention on all performed coronary angiograms and PCI

treatments™®
Cardiovascular registries — valves

Quality Assurance Registry on Aortic Valve Replacement Germany National | N/R

Austrian-TAV] Registry Austria National | https://www.tavi.at/

Belgian TAVI Registry Belgium National [ N'R
To investigate 1) the clinical impact of the relative high rate of

Czech TAVI Registry Czechia National | N/R paravalvular leaks, and 2) the function of implanted valves in
real long-term follow-up exceeding 5 years'!*"

FinnValve Registry Finland National | N/R N/R
To identify all patients with a change of valves implanted

FRANCE-TAVI Registry France National | N/R catheter meets the selection criteria of the technical accepting

the scheduled evaluations in the context of this disease and
who have agreed to participate in the study"’™

1) to present the structure, process, and result quality of the
various techniques of aortic valve therapy; 2) to determine

German Aortic Valve Registry Germany National | https://www.aortenklappenregister.de/

criteria for indicatio  through scoring s ;
record quality and safety of specific medical devices: 4) to
assess the quality of care of participating centres with the aim
to improve healthcare quality, and 5) to evaluate health
economical statuses of treatments'™!

1) to monitor TAVI indications and procedural strategy; 2) o
supervise adh to the guidelines and 1 with
indications/contraindications to TAVI: 3) to assess objectively
and non-commercially peri-procedural device success; 4) to
Aortic Valve Impl. i Poland National | N/R monitor and improve safety, quality and efficacy of treatment;
5) to assess early- and long-term results of this novel method of
treatment in order to develop the most optimal therapeutic
follow-up strategy, and 6) to monitor and evaluate cost-
effectiveness of TAVI in Poland"'®

Polish Registry of T

Spanish Registry of Heart Valves Repair Spain National | N/R NR
~ N f ucr.u.st J To evaluate the new method for aortic valve intervention both
Swedish Transcatheter Cardiac Intervention Registry Sweden National b . ! 4
= swentry/ with regard to acute results and long-term follow-up'
Swiss TAVI Regisiry Switzerland | National | https://www. swisstavi.ch/ To assess the clinical outcomes of consecutive patients

undergoing TAVI in Switzerland®*>
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Supplementary Table 2A: Cardiovascular registries — Domain Maturity

scular registries — Domain ‘Maturity’

Starting First annual report Most recent/last annual
year (publishing yvear)  report (publishing vear)

Cardiovascular registries — combined

British Cardiovascular Intervention Society 198810 | 19910 2020, data till 20209

East Denmark Heart Registry 2005 [N/R N/R

German Society for Thoracic and Cardiovascular Surgery 1978 | 19899 2021, data till 2020*"

Polish National Database of Cardiac Surgery Procedures 2006 |N/R N/R

Portuguese National Registry of Intervention Cardiology 2002 |IN/R N/R

Spanish Cardiac Catheterization and Coronary Intervention Registry | 19907 | 19907 2020, data till 20197

Western Denmark Heart Registry 1999% | N/R N/R
Cardiovascular registries — stents

Polish National Percutaneous Coronary Intervention Registry [NR [NR [NR

Swedish Coronary Angiography and Angioplasty Registry [ 1998 2007 [ 2021, data till 2020 ™
Cardiovascular registries — valves

Quality Assurance Registry on Aortic Valve Replacement N/R N/R N/R

Austrian-TAVI Registry 20110 IN/R N/R

Belgian TAVI Registry 200712 [N/R N/R

Czech TAVI Registry 2009 [N/R N/R

FinnValve Registry N/R N/R N/R

FRANCE-TAVI Registry 201309 IN/R N/R

German Aortic Valve Registry 2010"% IN/R N/R

Polish Registry of Transcatheter Aortic Valve Implantation 2013 IN/R N/R

Spanish Registry of Heart Valves Repair N/R 201347 2019, data till 201719

Swedish Transcatheter Cardiac Intervention Registry 201017 | 201049 2021, data till 20204

Swiss TAVI Registry 20112 [N/R N/R

Supplementary Table 3A: Cardiovascular registries — Domain Governance

Table
Mandatory Patients Funding  Who can access the data and see results? ['rl\l‘acy .“g“]“‘.'““ for p.’"m“
consent identifiable information

Cardiovascular registries — combined

British Cardiovascular Intervention Society N/R N/R Public”” [N/R

East Denmark Heart Registry Yest?) N/R N/R NR

German Society for Thoracic and Cardiovascular Surgery Nobh N/R NR NIR

Polish National Database of Cardiac Surgery Procedures Yes® Not required® [ Public® | N/R

Portuguese National Registry of Intervention Cardiology No'® Required® N/R NR

Spanish Cardiac Catheterization and Coronary Intervention Registry [ No'™ N/R NR NR

Western Denmark Heart Registry Yes) Not required® | Public'® | N/R Serial r_\umbers;re generated when

uploading data™

Cardiovascular registries — stents

Polish National Percutaneous Coronary Intervention Registry [N/R [N/R [NR [NR [N/R;

Swedish Coronary Angiography and Angioplasty Registry [ Yes®® | Not required™ | Public™ [N/R [ Unique personal ID number' ™
Cardiovascular registries — valves

Quality Assurance Registry on Aortic Valve Replacement Yes? N/R N/R NR N/R

Austrian-TAVI Registry N/R Required!'!) NR N/R N/

Belgian TAVI Registry N/R N/R N/R N/R N/R

Czech TAVI Registry N/R Not required™ [N/R NR All data are anonymous

FinnValve Registry N/R Not required™” | N/R NR N/R

FRANCE-TAVI Registry No!'¥ Required!'? Private!™ | N/R N/

German Aortic Valve Registry Noll Required®?) Private!™® | N/R All data are anonymous®®

Polish Registry of Transcatheter Aortic Valve Implantation Yes'®) Required"'® Publict*¥ %ﬁ:}:_g;;::;l‘]ﬁmed representatives of N/R

Spanish Registry of Heart Valves Repair Nob) N/R N/R N/R

Swedish Transcatheter Cardiac Intervention Registry Yes®) Not required'™® N/R Unique personal ID number**

Swiss TAVI Registry Yes’ Required”) Private” | N/R N/R
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Supplementary Table 4A: Cardiovascular registries — Domain Coverage, design & organisation

Domain ‘Co

No. of N“T.hﬂ ':f ]\um.hc:- ?f Arnnu?l lll;mh” Dat " Access to registry Type of information Data linkage
hospitals (% patients patients of patient ata capture for provided, for whom  with other
i procedures  procedures procedures (last and collection
of coverage) (total) (sclected)  year) users/members and at which level sources
Cardiovascular registries — combined
Minimal 118 | 28,622 TAVI é‘rgzgdl;fe\sfind
s . - . (exact number | procedures . P . ™ .. ¢y | Hospital- and National health
British Cardiovascular Intervention Society N/A 100,112 PCT Web-based" Through website'" a Ly
unknown) (2007- N surgeon-level'! service?
(NR)Y 2020)" procedures
- (2019)
3 studies
) . o - . (range: 944- o Through p
East Denmark Heart Registry N/R (N/R) N/R 50.460)2 3% N/R Web-based*! wehbsite@) N/R N/R
39)
gcrman Society for Thoracic and Cardiovascular 78 (N/R)® NR N/A 3256.:?}0\:""1".65 Web-based“!! | N/R NR NR
urgery (2020)
15 studies National health
Polish National Database of Cardiac Surgery 37 (100%) NR (range: 31053'- NR Web-based® | N/R NER fund (health
Procedures 188,972) 4> insurance
) institution)*
. L e . 73,977 PCI
Porlu_gusse. National Registry of Intervention 25 (R} (2010- N/A 13,891 ‘l:fl‘] Web-based® NR NER NR
Cardiology 2015)9 (2015)5%
- " . ) 5 4,692 valves and
Spanish Cardiac Catheterization and Coronary 123 o |NR N/A 92771 stents | Web-based® | N/R NR NR
Intervention Registry (97.6%) (202005
74 studies
. o ) . (range: 68- .‘, 7o ] % e | Hospital- and medical | National patient
Western Denmark Heart Registry 13 (100%) N/R 1,200,472)% N/R Web-based" Through website!® device level® register! %)
24,25, 61-131)
Cardiovascular registries — stents
46 studies
Polish National Percutaneous Coronary 161 ; (range: 591 - - . a6 | wan ., ;
Tntervention Registry 820y | NR 1.436,546)03 | VR Web-bused ™| NIR NR NR
178)

;o . : . . 380,220 24,657 PCI . - . .
S\\e}:!mh Coronary Angiography and Angioplasty 29 (N/RY™ (2007- N/A paticnts Web-based™® Through website!®) Ilo;rpllal- anlcllumcdlual Nalmna_l_’}:‘nauem
Registry 2020050 (2020150 device-level'" register’™

Cardiovascular registries — valves
4 studies
Quality Assurance Registry on Aortic Valve 181 . (range: 6,972- | . (29) - y ;
Replacement 95 (N/R) N/R 120,280)2 N/R ‘Web-based NR N/R N/R
132-184)
2 studies Th h
Austrian-TAVI Registry 11 (100%)" | N/R (range: 959- | N/R Web-based!!s) | | MrOUSH N/R N/R
1,822)(11 185 website!'*!
3 studies
Belgian TAVI Registry 23 (N/R)' (range: 328- |N/R Web-based ™ | N/R N/R N/R
861 )4 12, 186, 187)
6 studies
Czech TAVI Registry NR N/R fl’;';gf)( 35 Inm Web-based ™ | N/R NR NR
195
National
Statistical
Institution''*),
Finnish
Population
)19 ~ o
FinnValve Regisiry i:}lﬂﬂ.-u) f‘;f’%‘(.fpns N/R N/R Web-based™ | N/R N/R Register
- Centre!™"),
Finnish National
Institute for
Health and
Welfare!'*"
27 studies
. 287- .
FRANCE-TAVI Registry 50 (VR | N/R g’;';gg];f‘fw_ N/R Web-based' | N/R NR N/R
ey
fiil‘fifi 1% Through Hospital- and medical | Srman external
ic Valv ; R)1S f ge: Lalo= a0, Veb- (33) 2 spital- r :
German Aortic Valve Registry 92 (N/R) N/R 142435015 31- NR Web-based website® device-level™ g:;::‘r_:,-}assurance
33,224-242)
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11 studies
Polish Registry of Transcatheter Aortic Valve i) , (range: 19- - . 16 - ; Civil
Implantation 21 (N/R) NR 5,043)116. 4 NR Web-based NR NR registries! )
243251)
1,607 mitral
valve, 4,289
aortic valve, and
Spanish Registry of Heart Valves Repair 27 (N/R)!® N/R N/R 98 tricuspid Web-based'™ |N/R N/R N/R
valve
replacements
(2017)%

- . 1,299 TAVI . . . .
Swedish Transcatheter Cardiac Intervention 8 (N/R)ID NR N/A procedures Web-based!® Through Hospital- and medical | National patient
Registry . (2020)10 website!"” device-level"” register™®’

40 studies
. . . § (range: 113- - sy | Through § p
Swiss TAVI Regisiry 16 (NR)*& 3 | N/R 9.478)20.25- N/R ‘Web-based website®) N/R N/R
201)

Supplementary Table 5A: Cardiovascular registries — Manufacturers mentioned in annual reports,
peer-reviewed publications & websites

Table S5A: Cardiovascular registries — Manufacturers mentioned in

annual reports, peer-reviewed publications & websites
Stents

Valves

- R 47 T IR Y
Abbott LHI:FGI‘HIGI‘IESH' 15, 30, 38, 42, 59, 18RS, 197, 228, 231,
230, 26i, 263, 266, 26T, 2TR, 282, 285, 286, IRK, 308)

Abbott Laboratories!! 10 292-307)

B Braunf:"”‘- 301, 303-305)

Baxter International'™

Biosensors International /292 29% 301, 302)

Biosensors International ™ &9

Biotronik AG(:';Z-.’"-I-I-. 299301, 302)

- : S A0S 3R, SO, 1RS XE 280, 383 295260, 262,
Boston Scientific!!™ -1 0, 253 60, 26

263, 265-267, 274, 278, 281, 2R2, ZR5-28K, 290, 308-311)

Boston Scie I'I.[iﬁt:': 104, 110, P17, 119, 292-299, 301 -304,
306, 307, 311, 313)

CryoLife!* 4%

CID S‘pIA[!"'S. 304)

Cardisl"-']. L0, 110, 117, 119, 295-298, 300, 303-307, 312, 313)

Edwards Liﬁ:scicn-:cs‘-‘- 11,12, 14, 15, 24, 30-32 34 38_42,
B0, 183, 186, 189, 191, 197, 199-202, 204-212, 214, 216-220, 223, 228-

231, 233, 237, 243, 248, 246, 28], 253-255 2ER-D6T, 271,272, 274, 278,

282 2RE-290, 308-311)

. £ 3 VIR 3y Y 3 3
Jﬂna\"ﬂ.lvﬂll'”_'_H-_”-_h"_hj-_h’m

LivaNowyal303. 305

Labcor'® 42 228)

Mf‘dtl‘ﬂn icl"-']. 110, X2-299, 301-307, 312)

LivaNova's 1 30, 31,42, 228 131)

Terumo Cor]:roration'z"”'l”"- 299301, 302)

M'E‘dtl‘ﬂniﬂl-:' 5,00, 12, 14, 15, 20, 30-32, 34, 38, 42, 539, 185, 186,
180, 199202, 24-211, 214, 216-220, 233, T28-231, 233, 237, 245, 246,
281, 253255 258-260, 262-267, XT1, 272, X4, ITR, 2E2. 2RS-290, 308-

311y

Meril Life!*”
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Supplementary Table 6A: Cardiovascular registries — Domain data quality & completeness

issing data Methods for handling mi Data completeness
Quality assurance system defined/quality check of data for patients® i dat & m on patient/
characteristics ata procedure-level
Cardiovascular registries — combined
Data platform has error checking for range and consistency and a validation In case of a completencss of <95%
cl fa specific variable; the risk
British Cardiovascular Intervention Society c¥e e-_ ) . . . |NR © .a ?peu ¢ vaniable: fhe "? N/R
provides every operator to read their report so that corrections can be made prior adjusted outcomes are considered
to data publication™” to be inadequate™'"
East Denmark Heart Registry N/R N/R N/R N/R
German Society for Thoracic and N N 3 § . i
. After entering the data, it will be checked for completeness™ N/R N/R N/R
Cardiovascular Surgery
Polish National Database of Cardiac Surgery NR NR NR NR
Procedures
Pom&guese National Registry of Intervention NR NR NR NR
Cardiology
Spanish Cardiac Céthetenz@mn and The steering committee and the working group perform data cleaning®” N/R N/R NR
Coronary Intervention Registry
Systematic validation procedures and random spot checks after data entry and
Western Denmark Heart Registry 5 ' et p_ . e po_ . N ° N/R N/R N/R
variable levels are restricted within pre-specified limits'™
Cardiovascular registries — stents
Polish Néluonal Eercumneous Coronary NR NR NR NR
Intervention Registry
Data platform has error checking for range and consistency, definitions are
displayed on screen when data is entered, data entered in the registry of 20
Swedish Coronary Angiography and hospitals will be annually compared information in the patients’ records from ] . .
. ) B N NR N/R NR
Angioplasty Registry 30-
40 randomly chosen patients in each hospital and the majority of variables are
mandatory®')
Cardiovascular registries — valves
lity Ass Regists Aortic Valv N .
Quality Assurance Registry on Artic Valve Controlled by validated system®”) N/R N/R N/R
Replacement
Austrian-TAVI Registry N/R N/R N/R N/R
Belgian TAVI Registry N/R N/R N/R NR
Czech TAVI Registry N/R N/R N/R N/R
FinnValve Registry Robust checking of completeness and data quality®!") N/R NR N/R
Regular data checks, data platform has error checking for range and .
FRANCE-TAVI Registry gutar cats P aing 8 NR NR NR
Data completeness is verified by an electronic tool which analyses
. reimbursement, data validity is monitored by a multistage plausibility check ] . ;
German Aortic Valve Registry . ) . R i NR N/R N/R
° combined with an on-site data verification on a randomly selected 3% of the
samplest®?
Polish Registry of Transcatheter Aortic Credibility and completeness of data will be verified through internal and ‘ ) ‘
. external N/R NR N/R
Valve Implantation -
regular audits''®
Spanish Registry of Heart Valves Repair N/R N/R N/R NR
Swe_dush Transcatheter Cardiac Intervention N/R NR NR NR
Registry
. The Clinical Trials Unit of Bern performs data monitoring (e.g.. completeness of .
Swiss TAVI Regists N sE N/R N/R N/R
wiss sy data and plausibility checks)**
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Supplementary Table 7A: Cardiovascular registries — Outcomes reported, definition & duration of

follow-up

ition & duration of follow-up

Mortality

MACE

Other

Cardiovascular reg

istries — combined

British
Cardiovascular
Intervention
Society

In-hospital¥16-328);
5-day2);
1-week "7
10-day'*

1 -monthC07. 318, 320, 323-336).
100_‘13)_,1.!'_'{]l
G-monthi307. 323,330
ZOU-d.a}"":“L
10-month®;

22-325, 328, 330-332, 334, 337,

338).

3 year"-'3 1!{'

In-hospital (including death,
myocardial infarction, and re-
intervention320- !.!ln)l
In-hospital (including death,
myocardial infarction, and
revascularization®*!");
In-hospital (including death,
emergency coronary artery bypass
grafting, myocardial infarction,
and re-intervention**¥);
In-hospital (unspecified )

Aceess site complication®*!), aortic dissection®®'*-32*), arterial complication)
bleeding07. 317. 318, 321, 324326, 331, 334, 39-341)_blood transfusion™™ 315 21330 cardiac
complication"), cardiogenic shock®'”), cardioversion®®!*-*%%_ complication
(unspecified)*** %), coronary dissection””-*2%), coronary complication'® *2! coronary
Per'brﬂlio“l.'“) 23, .“D\- C\/‘A\.\W 321,313, .\:M, ECMO l.liage‘“-", hean failureﬁ.'l-. .NH. ]C'U
stay (length)®!”, in-hospital stay (length)@*!7-321- 335339340 myoeardial infarction®07 #16-
$19, 321324, 326, 332, 341) g flowt 07319 35), pacemaker implantation'™), pericardial
tamponade®** 30, procedural successt 1% 33 37341 rehospitalization ™!, re-
interventiont?® 319, 372324, 336,330 _penal Failure(07.32% 390) revaconlarization® 0, side
bra"ch DCCluSwn"“'—‘ 319,313, .\.‘0]. SIU“‘ naw\ 307, 319, ‘:.‘l- stent IlerInbosiS{H". llll, Slmke{'w.;'
317,322,324, 328 82,380 yageular complication®22 323 125.339)

4-month

6-month(®7 7185, 122 127)

infarction, revascularization, and
stent thrombosis!'*");

2000-day™®;
G-yeart'!”);
2500-day'™”.
1-month™;
L-year> 3%
2-year*®);
J-year'™);
East Denmark | 4-year™); NE In-hospital stay (length)*, myocardial infarction*", revascularization®), vascular
Heart Registry | 3-year'™ ) ' complication'”
s 6-;ear‘"“; . ’
T-year ™)
8-yeart?¥);
9-year! .
German Society . 237 A - PP . .
for Thoracic Y | In-hospitalt- 41, 42379 N/R Complication (unspecified) ™), infection®!, re-intervention®™ 37
and
Cardiovascular
Surgery
In-hospital ™ -+ 49.30. 53,
Early (f-"lhr) post- operatuve‘“ 48,52, 333
10-day'™
20-day
1 -month(4S 48. 50,52, 34).
-yeari#-4. 4. 49.52.50, o
2 vearH5-4s. 4b-s ,,," Cardiogenic shock®*), ECMO usage(**- 4 %32 gastro-intestinal complication® 45 4850
Polish National |3 }ear‘“ 43, 48,49, 52 .4, 259 1CU readmission®”, ICU stay (length)® 4% 45 9 503253 infectjop!* 4950.52.53 5.
Database of 3 yeaﬁ” 45, 48,50, 52.84). hospital stay (length)™* *2)_ left ventricular support** 44 multi-organ failure!* #3052
as y A8, AL 49,5284, N/R 3 myocardial infarction(®* %5 4%.50.52. 53 'peurological complication!4: 45 45:50.52.53)
Cardiac Surgery 5')‘“"‘ o i s op (48 50, 52) i (45, 49, 50, 52, 53) .
_ pacemaker implantation . pericardial tamponade ', pulmonary
Procedures s redi rention(d3 45,49, 50, 52, $3) o (4348, 4850, 52, 53) i .
45.48,49, 5250, embolism'*?), re-intervention , renal failure! , respiratory
7 year‘” A5, 48,50, 5254 failure!#4. 43. 49. 50. 52.53)
B-year' )
9.yearlts. 4, 49,5254
12 \eaf“ 48-50, 52, 53 ).
13-yearls2.
Portuguese
National
Registry of NR NR N/R
Intervention
Cardiology
Spanish Cardiac
Catheterization In-hospital 2
and Coronary | - mcnsh‘ W N/R In-hospital stay (length)*2, mitral regurgitation*®, procedural successt®*
Intervention B .
Registry
In-hospital' 2 7 82 111331, 2-year (including death, Allergic reaction®™, arrhythmia®™ 7 ™. 77 atrial fibrillation(™- "7 118 129) hleeding™ 257
10-day' ™ myocardial infarction, and B8 1L 121123128 blgod transfusion(® 102 107118120 contrast-fluid reaction!™),
Western 20-day'™; revascularization'!%); EuroSCORE!¥_ infection!® 25 %- 102 1231 [CU stay (length)(® 2% 7. 86.96. 123, 129 haspital
Denmark Heart | 1-month(® 2463 67.69. 70.74.76, 79. §2. §4. 86, 8%, 95,96, 101, 103, 0. | 3_vear (including cardiovascular- | stay (length)(®%- 7% 86. %6 102 109. 125 1 mb amputation!’®, malignancy!"*®), myocardial
Registry 122, 126, 127, 130). related death, myocardial infarction(® 25 61-63 65,67, 69,71, 74,77, 80, 81, 84, 86, £:90, 92,98, 100, 101, 105, 110117, 120, 122, 123, 128, 130)

obstructive coronary artery disease’®), pericardial tamponade!®- 12, penpheral artery
disease!! %) rehospitalization® 9% 1) re_intervention!® 24 5 61 63, 67.79. 86, 113, 121, 122) peng]
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T-ycar™ 2% 295,508 TOL105. 117,136, 77,
15-month!!17;
18-month(™!. 10
2-years
30-month®¥;

(72,92, 93,97, 102-104).
12,93, \Ull. !

6, 78, 93, 98, 102, 103, 126),

90-month;
9-year!™);
10oyearh 90, 120, 12
11-year™™;
150-month* 12
15-year ™.

3-year (including death,
myocardial infarction,
revascularization, and stroke!!"?
S-year (including cardiovascular-
related death, cardiac arrest,
myocardial infarction, and
revascularization'®®);
S-year (including cardiovascular-
related death, myocardial
infarction, and stroke!*"");

5-year (unspecified®’)

7,91, 92 97, 98, 100-10%

failure!®*: @3 07, 84, 56,88 96, 102, 116, 137, 281 reyascularizatio

19127 gent failure®”), stent restenosist™ *!), stent thrombosis!®2- 69 719192, 97, 8. 100, 101, 104,
7 ]thA stroke'®: 25 61, 63,67, 81, 84, 86, 88-90_ 102, 112, 120, 122, 123, 127) TIAE 1z

769, 71.7
oL 6. 71.75

Cardiovascular registries — stents

Procedural (1™ 137190, 7, 195, 133, 154, 158, 130, 161, 162, 165170,
174, 175).

5
[n_haspnall 141, 142, ]5‘":
Sdayliul;
10-day!'*
15-day150:1
20-day! ",
25-day(1<0;

1-month{!1- 150, 155, 15

Procedural (including death,
myocardial infarction, and
strokel!3® ml));

I-year (including death,
myocardial infarction,

Allergic reaction!!33-136. 138, 143, 144, 146-148, 151, 159, 161, 162, 165-167, 170,175), g oigeraphic
findings! 136 14, 146-148. 153, 156. 161 162, 168, ), bleeding!! 33136, 138140, 143, 144, 145, 149, 151, 161

162, 167, 168, 170 174, 175)_cardic arrest! M0 142144 148) gomplication (unspecified)(14

4-month'
5-month*9;

202394, 298, 301, 302, 330, 3 22,423, 425
6-month(292-294. 295, 301, 302, 330, 388, 411, 415, 422, 423, 425-430),
200-day*15. 406, 407, 424);
8-month(292 411 422 423

424).
250-day®24);
9.month(295 294, 415, 425, 426).

1 0-mongh 9% 315,406, 407, 411, 422404,
| -yearl™2-294, 297302 304, 312, 315, 330, 355, 388,389, 31, 392, 400, 403-

407, 409, 410, 414, 415, 418, 420-422, 424-449).

revascularization'***)

Polish National 45-day(155 re\"a_s‘:“hr'zl?‘l"f"« and urgent coronary dissection(!33- 134 136, 138, 143, 144, 146, 147. 151,154, 161, 166-168. 170. 179)_ ¢ ronary
Percutaneous 2-month(1 ! PCU/CABG'"™)y, perform’ion“”‘ 136, 138-140, 143, 146, 148, 149, 154, 162, 164-166, 168, 170, 175} heart failure!'> 1551 in-
Coronary (153 3-year (unspecified*" *); i (142) ial i {0 (138, 139, 142144, 146, 151, 155, 156, 19, 161, 162, 165
I 4 75-day''*; 3 includi odi hospital stay (length)'"**), myocardial infarction = : 5
ntervention 3-month!! 157 -year (including cardiac arrest, 168, 170, 172176, 178) 0o o 1 o d133+135, 1360140, 143, 144, 146148, 151, 153, 154, 159, 161, 162, 16d-168, 170, 174, 175)
Registry 4-month®T; death, rehospitalization for heart rchospnallzanar;' WL 139 re-intervention 143 135 156 172 176, 178) pegpenggis! 44 146. 162, 176) ’
failure, myocardial infarction, and
5-month!" ok ‘w‘y N revascularization! ! 17 R 781, stent thrombosis!146. 156, 162,172,176, 17)  gppqlce(133, 134, 136, 138, 140,
- strokel!#? ' 2 2, 165-168, 170, 17
6_m3nlh|]1_’ 50, 155,15 J; . ) . 142-144, 146, 151, 152, 134, 155, 159, 161, 162, 165-168, 170, 175), VCSSC] pcrfﬂmllon‘ 147)
7-month(® 3-year (including cardiac arrest,
8 thit death, myocardial infarction, and
-monl o)
- stroke! ')
9-month'**
10-month'
1 1-month! 7,
l’yeﬂﬂ 141, 142, 150, 155-157, 172, 176, l?!‘l;
13-month™”
14-month(**
15-month!*7;
1 6-month**7;
17-month(**7.
18 mon[h[]i" 150, 155, ls.h
19-month"*7;
20-month!**7;
2 -month*7;
22-month*s7.
23-month**7.
2-yeqr!H2 150,15
30,“10"['](]41. 150, \55I;
3_yeald 141, 142, 150,
Procedural ™ %
In-hospital*-390;
392, 393).
1-day3%2 99,
3-dayt®®; Allergic reaction®****", anaphylactic reaction™*, anemia®*", arrhythmia®*(- %% 490,
5-dayt! 303, 304), bleeding!354. 385 399 400,403, 405408, 413, 415-420, 425, 443, 454,455)_pragvcardia®), cardiogenic
1 -week 92 395 “’" shock(#95: 400,413,414 perebrovascular event™®), complication (unspecified)¥*+3% 390. 341,
10-day*ts- 31 ”“‘“"' 408 414,455, 4360 coronary flow reserve'®7), coronary occlusion™, coronary perforation®*-
L i H > 7
15-day™™; 35.39,390)_ g cyro-intestinal bleeding!™>Y, heart failure®™ 40 406,416, £26 434455, 441,463 &
20-dayl?15: 391, 394, 39-400), 49 hemodynamic complication* #4141 in_hospital stay (length)***, in-stent
SwediSh 25 da\‘dj‘ﬂ !91J‘ l_year (incll]dmg deﬂlh. [hmmbosisl: 04, -302, 304, 306, 313, 313, 385, 391, 394, 402, 403, 405, 407, 411, 413, 414, 418, 420423, 436, 441, 445,
1 -month®® 306315, 330, 388, 390:392, 304 Wea21), myocardial infarction, re- 7484580 intra-aortic balloon pump therapy®'¥), myocardial infarction{?97-2%4, 299-303, 312,
.‘ (202, 411, 422, M 5 1 B4, 3RS, 3RO, 301, 300, 401, 406, 407, 410, 411, 421, 422, 424, 425, 427, 428, 430, 433, 435, 437, 441, 443, -430, 432,459
Coronary 2-month®* 2 intervention, restenosis, and 364,385,389, 301, 3 5, 427, 428, 430, 438, 4035, Y & 50, 482, 48
Angiograph; 2 L o, - . . ’
anf BraApY 50-day'***); revascularization'*?!); neurological complication(3!%, 35, 390,394, 413, 414, 418,455 |eft ventricular ejection
Angioplasty 3-month(2¥% 254, 413, 423, 426), 4-year (including death, fraction'™™, left ventricular dysfunction®'", pericardlal tamponade!¥30. 34, 385, 300, 391, 411)
s, 2 - ; s, 2 - 3
Reai 100-day ! 406407, 424) myocardial infarction, and procedural success' ' ¥ 39240044 peeydoaneurysm™*®), rehospitalization®?! 3% 416
RISty 202 411, 422, 423 200,330, 384, 385, 300, 391, 303,403, 413, 421, 424, 447) renal failure®io: 34

426, 443, 450.460)pejntervention!

385, 447, 294, 296-299, 301-303, 312, 385, 391, 414, 421-423, 429, 430, 433, 436, 445, 447, 448, 461)

401 restenosisi ¥ , re-
l‘eSlenOSlS' 1‘!5I‘ reSl.ISCiIa(an'lw'. revascularlmllﬁn\l"l. 3RS, 391, 394, 411, 414, 421, 422, 426, 433, 435, 441,
44,452 side branch occlusion™® ¥ ¥ stent loss*** **) stent thrombosis?*3-244 247302
304.306, 313, 315, 385, 390, 394, 402, 403, 405, 407, 411, 413, 414, 418, 420923, 436, 441 445, 447, 448, 458) gpr L0315, 384,
304,399,401, 405, 411, 412, 416, 435, 443, 47, 4. 452) TIAG12) vascular complications ),

ventricular fibrillation™?, ventricular Iachycardm's"'"
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431,432, 435, 436, 438441, 444, 446.451).

730-day*39);
30-mongh0. 388,427, 430,452,

3-year(297, 299, 301, 304, 365, 386, 391, 392,400, 410, 412, 414, 416, 418,

421,427,428, 430-432, 434436, 438, 439, 441, 444-449, 451).
H

424 mon‘h(!‘ﬂ‘ JJIJ\

4-year!™

444, 446440,

433).

1460-day'*9;

S_Yealdl‘ﬂ 299, 3RS 301, 400, 406, 414, 418, 421, 428, 432, 435, 438 439,
441, 444, 446, 347, 449, 451).

66-month'**2;
6_Yealq1w IRS, 301 414, 41K, 421,423, 438441443 444,446, 451).

2195-day*¥)
299, 3 2 3

T-yeart2®. 35 91 414, 415, 421, 438, 439, 446),

299, 385, 391, 414, 418, 421, 423, 438440, 446, 451}

8-year!
2920-day*¥);

9 yeal""w 35, 301, 418, 421, 436, 439),
10-year!29¥ 313, 385,391 418,421 423, 438440, 4s1),

11-year38s, 391, 421y

299, 301, 304, 312, 385, 388, 391, 392, 400, 412, 414, 418,

199, 385, 391, 400, 414, 418, 421, 423, 428, 430-432, 435, 438441,

4-month(202 210, 216,
S-month®'%);

200, 201, 204, 205, 216, 220).
6-month!' )

12-year(#2V;
21-year ¥,
Cardiovascular registries — valves
Quality 183 (29) (183, 1584)
A N Aortic regurgitation''™, cerebrovascular event'=”, complication (unspecified)!'™- ',
ssurance i sta](29. 182:184). (182) (29, 182, 184) cardiac (29) i
Reoistry on In-hospital H NER delirium!'*), in- hospllal stay (length) , low cardiac output'™®, myocardial
Ao%li r{"al\re 1-month(1%). infarction™® '3, neurological complication! "), pacemaker implantation!' > '), renal
c 7 o i o - S !
Replacement failure®® 182 184 resuscitation™®), stroke!'®), TIA'®), vascular complication!'®- 1)
T-month('& 15
Aus!rian TAVI 6-month(1%5): N NR Cmpphca[mn (un_spc_cif{ed)“”. echographic ings""), procedural success''", quality-
Registry Loyear! 19 of-life!'"), rehospitalization'' '}
18-month5:
2-year!!#);
30-month'"
3-year!!8),
Procedural '*;
1-month(!% 186 . .
(12). 30-day (including death,
3-month!"?; S
6-month(!2 156): myocardial infarction, pacemaker
Belgian TAVI 1 vearl12 186, N implantation, stroke, and TIA"'?); | Echographic findings!"*"), pacemaker lmplanmtmn““‘” procedural success> 15, renal
Registry lﬂlfmonlh“:‘.‘ Unknown (including pacemaker failure!"* 87 stroke!™™, TIA!"*), valve migration'”
2-yearll2 167, implantation, renal failure, and
Jﬂ—momh”g‘.‘ stroke( %7}
3-year!'?.
5-day ™
10-day'** Aorti i (13,4620 Bleedina62) b 1 482 omnlicati
Czech TAVI 15-duy' 2% ortic regurgitation , bleeding“?), cerebrovascular event'*®?), complication
N s N/R (unspecified)!"*", coronary obstruction'**?), in-hospital stay (length)'"*", mitral
Registry 20-day" > st (462 e - N ) stalization!1?)
35, dav‘““ regurgitation'*), NYHA classification'**”), procedural success™“?), rehospitalization!
1-month 462,
1 -month("%- 308 311
1-year(. 195-197, 368, 310, 311), . o . . . o .
2 yeart0. 195197, 35,310, 311y, Aortic annulus rupture!'*, aortic dissection'"™® ™%, aortic peak gradient””, atrial
Jiyeaﬂ.!"- 195, 197, 308, 310, 31 “" ﬁbri"alioﬂﬁﬁ. 196, 308, 310, 31 |l_ bleedingﬂﬁ. 196, 308,310, 31 I'J_ blood Imnsmsionflgh. 308, 310, ?Il\’
FinnValve ¥ 195,107, 310, 3113, coronary occlusion!'*-%) ECMO usage!'), ICU stay (length)®”, in-hospital stay
Reaist 195,197, 3111, NR (length)®™ 15 0% 310 in fegtion ™ 7 305310 intra-aortic balloon pump therapy!'*,
gty w195, 107, pacemaker implantation®®® & 3% paravalvular regurgitation!'*: %), re-intervention'*"-
; st . 196,197, 308, 310,310 _pena] failupe. 196,308, 310.311) povaceularization®®®), stroke(. 196 108,310,
8 ;:;4 0. 11, vascular complication(!%-30%. 310)
10-year ™.
Procedural'"; Acute coronary syndrome®™, acute occlusion (unspecified artery/vessel)®'™, annulus
In-hospital 1% oo, 23 211 218, rupmre“" 198, 204, 209, 211, M aortic dissection! 1% 2.2 aartic regurgitation(201. 204 205,
l_manlh\]‘iﬁ. 199, 201, 202, 204, ’U) 207, 209, 210, 212-214, 216, 218-: 'M‘M‘ 7,212, 219, 23 alrlal fbrlllanon[’]ﬂ blood transfusion® 213) bleedlng\l‘iﬁ 200-208, 207, 209, 213,
FRANCE 2-month(*%); 214,216,219, |, echographic fi fndmgs“‘ 20.208 20 heart failure'™" %) hemorrhagic
TAVI 3-month(*%-216); NR shock™ ), ICU stay (length ) 205, 207, 209, 213, 214, 219) infection(19% 199, 23,225 , in-hospital
Registry 100-day 0% 214- 219, stay (length)199 204, 205 207, 209, 201, 213, 214, 217.219.220) et ventricular ejection fraction®!2 ),

(205, 2 204, 208

life threatening event™- 214 mitral regurgitation’ 207219 myocardial infarction!'
198-208, 207, 209, 214, 219, 220), NYI [A C|855i ﬁca[ionL!U: 1\!”, pacemaker impla“[a“ anl 14, 198-201, 203-
205,207,209, 211, 204,217,219, 220.239_noricardial tamponade!!4: 19 204, 205, 207, 29, 211214, 210 peri.
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200-day ™™
7-month'*'¢%;
8-month(2. 210, 216),

1, 216).

214, 216, 219),

)

l—year“"” 208, 307, 200,210, 212, 214217, 219 20,
208, 214, 2

400-day?205 214,219,

18-month®* 12);

2-yeartM0. 203 215, S n;

) (203, 273) 201, 204 205_ 207, 208~

procedural complication (unspecified , procedural success'" %
214218200 by monary embolism! !4 195 2101 rehos}:ﬂilalizmion“Ug 202)_ re-intervention(!*®
201, 204,205,207, 209, 214, 719)_penal fajlure(. 195, 201-208, 207,209, 211, 213, 214, 219) gy ola(1d, 198205, 207-
,"ll. valve dysﬁl“cuﬂn':(n' 10_’I‘ valve migrali0"[11. 198, 199,211,217, :10!.
vascular complication!1#-205. 207, 209, 213,214,219, 220)

200,

209, 211, 213, 214, 216, 217, 219,

German Aortic

3oyear 205215207

4-year(208 217);

S-year2!7),

Tn-hospitall™- 3132 226 15 I, T 255, TS50 ), Aortic disscotion™), aortic regurgitation® ! 2 0. 21, 299, IH. B I000_gpal
5-day0); fibrillationt?l- 25 26 230, 31, 35, 240, 341 _eedingl?2 26 130,231 19, 136, 241)_blgnd

10-day®);
15-day(32 240);
20-day240;

25-day 2

1-month!
2-month{2H. 228, 220,253 240y,
3-month!*":

228,229, 232, 234, 238-2

I-year (including death,

224,230, 23T)

transfusion'®! 0 cerebrovascular event'®?), conversion sternotomy!24-2
coronary ocelusion'®”), delirium™*, device malposition'™*, echographic findings®*
"“' EQ-5D-3L scores'™*), [CD implantation® 25 231 235.236) [CU stay (length)2# 225 25
3610 i fecrion@E 549,10 o hocoital stay (length)"' 224,225, 228, 231, 235, 236, 240,
1“'. left ventricular decompensalmn‘ 91, low cardiac output™*-*** 2V mechanical
ventilation (duration)™”, myocardial infarction(* 31 2. 24, 25,23, 220,231, 2326 28240,
NYHA classification™* ' 2% pacemaker implantation!!* 3!, 32. 224, 225, 228, 230 231, 233, 235-

34,

2, 24,

Valve Registry 4-month' : f”- 2, -’”ﬁ-"";-’:"“‘; i myocartiial infarction, and i, perica_rdml 1a:‘np:)na:1e‘:’“--’”- '-'_-"‘ 19, 1‘“'_. proce{ilﬂlralﬁsu?cess'”‘-:’-"-:’“. ) )
4 | 6-month!32 224. 225, 228-730, 232, 238, 2 stroke3)) rehospitalization™ B0 2.2 re jntervention?! 32 225, 13 852K 241 peng] failure!!s- 313

B-month224: 226 229, 232, 234, 240), 224205, 206 231, 3397, 39.11)_regniratory failure 2, resuscitation®® 20, sepsis@3. 236,239
9-month™"; 2410 gepoke(15. 31, 32,224,225, 35, 230, 231 233236, 2354, thromboembolic event@0-237) , TIA
10-month: 25,229 2401, 228,231, 235,240, 2)_yasoular complication®2 2% 238, 730, 131, 233, 234, 237, 239, 240)
1-year(!5 32 224, 25 18- 233,234, 238 240,
2-year!';
3-year!;
4-year!%;
S-year!?.
In-hospital 20 =11,

. 27, 280, 283, 285287,

253, 286-259, 262, 263, 266, 267, 269, 275, 27K, 280, 283, 285, 286,

5-month*

2913,

infarction, and stroke(®")

. . l—monlh'"‘“ 30,250, . 5 . . .
Polish Registry . . . Bleeding™-2* mitral regurgitation™"), myocardial infarction®, NYHA
30-day (including cardiovascular- " oy R (246) (34,243, 250)
of Transcatheter - classification™**, paravalvular leakage™), procedural success"* ** 5%, quality of
' related death, myocardial -6 (248) H (34) i ication
Aortic Valve : . (240) 1ife!**), thromboembolic event®, vascular access site complication
infarction, and stroke**") S )
Implantation complication'
200-day):
250-day®";
10-month*1;
350-day®;
400-day®*;
15-month%1);
500-day®");
550-day®").
Spanish
Registry of | g p NR NR
Heart Valves ! !
Repair
In-hospital®;
1-month?®;
G-month'*®;
Swedish 1-year!2: 36
Transcatheter [ 2-year2% 361
Cardiac 3-year!: 36, N/R In-hospital stay (length)*), pacemaker implantation*®), re-intervention®*®, stroke!* *
Intervention 4-year!2: 361,
Registry 5-year!2s- 36,
6-year230);
7-year?);
8-year!™ 361,
Procedural>=- 27,
In-hospital®"; Access site complication!?- 2. 255, 257. 25, 264, 272) annnlus rupture®- 2% aortic
5-dayl2ss. 270,262,284 dissection®) aortic regurgitation(. 25% 261 266. 12, 262.290) _pogic rupm.ref:“’
10-day! %, 208, 270. 2 arrhythmia®®", atrial fibrillation'™", bleeding!?0- 243 235-257, 256, 260, 263-2 8 281,282
15 da\*“" 70, 282, 284), 284-26, 290, 91) blood transfusion**2*), central venous pressure™™®, cerebrovascular
(255, 268, 270, 212, ”‘"‘ event %249 coronary ocelusion®® 26, 3,249 effectwe onﬁce area™), ICU
stay (length) 2% 2622629 i _hospital stay (Ienglh) 1,282,285, 256,28, 290 | left
Swiss TAVI 1-month20. 243 235258, 260, 262-266, 268-270, 27 1-year (including cardiovascular- | bundle branch block™) left ventricular function - 257 leg lschemla' 29 mitral
; 2, 2846207, X related death, myocar regurgitation'™”), myocardial infarction2- 253 235-260, 26 260, 206,26 204,278, 202 245281
Registry 253, 250, 263-266, 272, 281, 282

3 NYHA Llasslfcallon‘-“s 274230 pacemaker implantation'**

254-286, 259, 290) (263,266, 284.289)procedural success(6h274)
s 5

264, 285, 2 . 20, 253-255, 258, 2
L 264,285, 289) ponal fajlyrel20 293255, 258, 260,
272, 274, 278, 281, 282, 285287,

pericardial tamponade

rehasp1la||zal1on""5 e ‘“, re -intervention’
263, 264, 266, 267, 272, 276, 262, 285287, 269) g b 120, 253, 256-260, 263-266, 269, 7

20, 260, 2

289, 291) TLA(6, 260, 262, 245287, 2900 ransvalvular gradient®® '), transvalvular
pressure!®, valve dislocalion‘i"“' 284 valve dysfunction®, valve migration'4% 289

valvular leakage®™, vascular complication(*®, 263 265 266, 274, 281, 262, 354-257. 269)
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onth!2%-259, 262-264, 266, 267, 269, 274, 275, 278, 280, 281, 283, 185-
1).

200-day %),

263 256259, 262, 263, 266, 267, 260, 275, 278, 280, 283, 235, 286,
7_rmonth!253. 256259, 262, 263, 266, 261, 269, 275, 278, 280, 283, 285, 286

201).
8-rmonth!256-259, 262, 263, 266, 267, 260, 274, 375, 278, 280, 283, 285267,
201).

263, 256259, 262, 263, 266, 267, 260, 275, 278, 280, 283, 235, 286,
9-month(283. 256259, 262, 263, 266, 267, 260 &, 280, 283, 285, 286
201).

256-350, 362, 363, 266-269, 274, 275, 178, 280, 283, 285287,
10-month(256-259. 262, 263, 266-269, 274, 275, 278, 280, 283, 285-2§

2913,

1 |:m0n|h|:5.‘.ljl\-1s‘l. 262, 263, 266, 269, 275, 278, 280, 283, 285, 286,
2913,

1 _};aﬁlﬂ.\. 156-250, 262260, 271, 276, 278, 280, 281, 283, 2R5-28T,

290, 291).

Frequency of  Level of feedback  Feedback - Accessibility of Definition of ]\umlrcr of
. . . Qutlier reports/procedures " outliers
feedback provided (time period) results outlier . .
identified
Cardiovascular registries — combined
Call to treatment time, door to P"I'bll'cg d Funnel plots using
treatment time, adverse outcome ?r:;il\'?du:l“ 3SD and 28D (call
British Cardiovascular Intervention Society Annually'” Hospital level®'¥ | N/R (CVA/needing emergency hospitals to treatment, door |N/R
cardiac surgery), survival (only (su?\'i\al to treatment, and
individual hospitals)©#'¥ data)1o survival)?'4
East Denmark Heart Registry N/R N/R N/R N/R N/R N/R N/R
German Society for Thoracic and Cardiovascular NR NR NR NR NR NR NR
Surgery
Polish N a(?onal Database of Cardiac Surgery NR NR NR NR NR NR NR
Procedures
Ponl{gtlese National Registry of Intervention NR N/R NR NR N/R NR NR
Cardiology
Spanish Card:ac Cat]mtenzallon and Coronary Annually NR NR NR NR NR
Intervention Registry
‘Western Denmark Heart Registry Annually‘:a(pd N/R N/R N/R N/R
quarterly' ™’
Cardiovascular registries — stents
Pol:_sh National Percutaneous Coronary Intervention NR NR NR NR NR NR NR
Registry
N/R (30-day mortality after PCI
in STEMI patients per hospital
Jﬂ-t?ay including mean and 95% and
Hospital- and (hospital w. time per hospital are
;:ed::h Caronary Angiagraphy and Angioplasty Annually''" medical device- I::%;:‘:I'::;I reporl;d (statistical testing :3;'1?3;‘“,_4% N/R N/R
gistry level(1® 464 E L : unknown), stent thrombosis and
v 'Lem a4 restenosis in most used stents are
level)1- 4641 N
reported (statistical testing
unknown)!!- #4
Cardiovascular registries — valves
Quality Assurance Registry on Aortic Valve NR NR R NR NR
Replacement
Austrian-TAVI Registry N/R N/R N/R
Belgian TAVI Registry N/R N/R N/R
Czech TAVI Registry NR NR NR
FinnValve Registry N/R N/R N/R
FRANCE-TAVI Repistry N/R NR N/R
N/R (Individual hospitals’ results
A P o9 3 0 ; are compared with the entire Individual ;
German Aortic Valve Registry Annually Hospital level" N/R registry data; statistical testing hospitals™ N/R N/R
unknown) ¥
?olnlsh Re%:ilry of Transcatheter Aortic Valve NR NR NR
Spanish Registry of Heart Valves Repair N/R N/R N/R
Swedish Transcatheter Cardiac Intervention Registry | N/R N/R N/R
Swiss TAVI Registry NR NR NR
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Supplementary Table 1B: Orthopaedic registries — Domain Identification

Country

Design

Website

Initial motivation / goal

Orthopaedic arthroplasty registries — combined

Croatian Register of endoprothesis

Croatia

National

N/R

NR

German Arthroplasty Register

Germany

National

https://www.eprd.de/de/

To create a robust framework for the assessment of hip
and knee arthroplasties™

Finnish Arthroplasty Register

Finland

National

https://www.thl fi/far/

To study and ensure the quality of prostheses for the
safety of patients®!)

Irish National Orthopaedic Register

Ireland

National

https://www.noca.ie/audits/irish-national -
orthopaedic-register/

1) to improve the quality of services and care provided
to patients having joint replacement surgery, and 2) to
monitor the safety of implants and support hospitals
should an implant recall occur'®

Lithuanian Arthroplasty Register

Lithuania

National

https:/Ised.It/

N/R

Dutch Arthroplasty Register

The Netherlands

National

/www. Iroinl/

To provide insight into and feedback on the results of
arthroplasties in the Netherlands and the related
orthopaedic

Care®?

Hungarian Arthroplasty Register

Hungary

National

o/ /www.ortopedtarsasag.hu/

To collect the quality indicators of domestic hip and
knee prosthesis implants with a user-friendly, internet-
based system that provides real-time data processing'”

Norwegian Arthroplasty Register

Norway

National

#/nrlweb.ihelse.net/

1) to prevent the use of poor prostheses in patients, and
2) to provide an overview of the products and surgical
procedures in use at any time and the patient groups who
need arthroplasty®

Nordic Arthroplasty Register Association

Denmark, Finland,
Norway, Sweden

Multi-
country

N/R

To improve the quality of research and understanding of
the clinical course of patients undergoing joint
replacement surgery and thereby improve the results
after joint replacement surgery!™

National Joint Registry for England, Wales,
Northern Ireland, the Isle of Man, and the
States of Guernsey

England, Wales, Northern
Ireland, the Isle of Man,
and the states of Guernsey

Multi-
country

https://www.njreentre.org.uk/

To record patient information and provide data on: the
performance and longevity of replacement joint
implants; the surgical outcomes for the hospitals where
these operations are carried out; and on the performance
outcomes of the surgeons who conduct the procedures®®

Belgian National Arthroplasty Register

Belgium

National

https://www.chealth.fgov.be/nl/egezondheid/
beroepsbeoefenaars-in-de-
gezondheidszorg/qermidorthopride/

1) to collect data to enable professionals to examine the
quality of care during hip prosthesis placement; 2) to

provide information about the type of prostheses placed
on a patient when he or she comes for a consultation, so

that accessories can be appropriately ordered if
necessary, and 3) to determine the lifespan of the
prostheses

Catalan Arthroplasty Register

Catalonia (Spain)

Regional

N/R

To assess the clinical effectiveness of hip and knee
arthroplasties in Catalonia''®

National Arthroplasty Registry of Slovenia

Slovenia

National

https://www.ob-valdoltra.si/

To support quality and safe health care for the patients,
as well as to improve the orthopaedic profession’**

Ttalian Arthroplasty Registry

Ttaly

National

https://riap.iss.it/riap/

To monitor the long-term effectiveness of hip, knee,
shoulder and ankle prostheses (measured as implant
survival), and support regions and hospitals when recall
of patients is needed because of problems reported on
specific implants®®

Emilia-Romagna Region Arthroplasty Register

Emilia-Romagna (Italy)

Regional

https://www.ior.it/en/curarsi-al-
rizzoli/register-orthopaedic-prosthetic-
implants/

1) to determine the demographic characteristics and the
diagnostic categories of patients who have undergone
replacement surgery; 2) to gather detailed information on
the use of the different prostheses used in primary and
revision surgery; 3) to assess the effectiveness of the
different types of prostheses: 4) supply orthopaedic
surgeons with a very useful tool to give the patient
timely information; 5) to collaborate in post-marketing
surveillance, allowing surgeons to easily identify
patients implanted with a recalled implant; 6) compare
the regional situation with other national and
international situations; 7) to inform the Regional
Orthopaedic Commission about those implants that show
an abnormal failure rate, and 8) to answer questions
coming from the Regional Orthopaedic Commission or
from other National or European Institutions‘®®

Romanian National Arthroplasty Register

Romania

National

https:/Avww.rne.ro/

To keep track of the revision surgery. in order to
compare the quality of different types of endoprosthesis,
cement and surgical techniques to detect low quality
implants as soon as possible, by comparing the results of
different medical devices and treatments used””

Portuguese National Arthroplasty Register

Portugal

National

https://www.rpa.spot.pt/

To investigate what kind of arthroplasty is better than the
rest, or what are the best joint pairs®
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Scottish Arthroplasty Project Joint Registry

Scotland

National

https://www.arthro.scot.nhs.uk/

To encourage continual improvement in the quality of
care provided to joint replacement surgery (arthroplasty)
patients®?)

Slovakian National Arthroplasty Register

Slovakia

National

hrtps://sar.mfn.sk/

1) to provide an epidemiological analysis of performed
artificial joint replacements; 2) to identify risk factors of
primary and revision implantations that result in
arthroplasty failure, taking into account the age and
gender of the patient, the type of implant and the method
of'its fixation, the surgical procedure used; 3) to reduce
the number of revision operations by analyzing and
eliminating risk factors; 4) to create a standard algorithm
for regular checks of patients with an artificial joint
replacement, thereby eliminating the occurrence of
large-scale destruction during the release of the
endoprosthesis, and 5) to improve the quality of patient
care after joint replacement(®

Swiss Arthroplasty Register

Switzerland

National

https://www.siris-implant.ch/

To improve quality in implant medicine by means of a
continuous learning process based on systematically
collected data™

Orthopaedic arthroplasty registries — hips

Czech Republic Arthroplasty Register

Czechia

National

https://www ksrzis.cz/

To register data on treatment with the use of an
endoprosthesis and specific information specifying this
treatment in more detail*”

French Arthroplasty Register

France

National

https://www.sofcot. fr/

1) to promote and develop knowledge of French
orthopaedic and trauma surgery; 2) to strengthen the
links between orthopaedic and trauma surgeons in order
to facilitate exchanges and to be able to reach consensus
beneficial to the development of the specialty: 3) to
foster relationships with other disciplines and countries
coneerned with the musculoskeletal system; 4) 40
organize any international, European, national or local
scientific event related to its purpose, and 5) 5o
coordinate the monitoring of the evolution of the
specialty's practices and its environment*!

Danish Hip Arthroplasty Register

Denmark

National

hrtps://www.dhr.dk/

To continuously monitor and improve the quality of
it of primary and revision THA in Denmark ™!

Swedish Hip Arthroplasty Register

Sweden

National

https://shpr.registercentrum.se/

To analyze the entire process surrounding hip
replacement surgery — that is, to identify predictors of

both good and poor outcomes in a multidimensional and
individual-based manner'*”

Orthopaedic arthroplasty registries — knees

Danish Knee Arthroplasty Register

Denmark

National

https://www.danishhealthdata.com/find-
health-data/Dansk-Knaealloplastik-Register/

1) to examine the epidemiology of knee replacement
procedures in Denmark, and 2) to monitor and facilitate
continuous improvement of knee replacement surgery
outcomes on both local and national levels™"

Swedish Knee Arthroplasty Register

Sweden

National

https://www.myknee.se/

To collect, analyze, and render information that could
warn against suboptimal techniques and implants'™
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Supplementary Table 2B: Orthopaedic registries — Domain Maturity

Table S2B: Orthopaedic registries — Domain ‘Maturity’

Starting  First annual report  Most reeent/last annual
year (publishing vear) report (publishing vear)
Orthopaedic arthroplasty regisiries — combined
Croatian Register of endoprothesis 2006 N/R N/R
German Arthroplasty Register 20129 20199 2020, data till 2019
Finnish Arthroplasty Register 1980 1997 Only updates on website™
Irish National Orthopaedic Register 20149 2020% 2021, data till 2020
Lithuanian Arthroplasty Register 20109 N/R N/R
Dutch Arthroplasty Register 20079 2016 2021, data till 2020
Hungarian Arthroplasty Register 2007 N/R N/R
Norwegian Arthroplasty Register 1987 1999 2021, data tll 2020
Nordic Arthroplasty Register Association 2007 N/R N/R
National Joint Registry for England, Wales,
Northern Ireland, the Isle of Man, and the 2002019 200410 2021, data till 20201
States of Guernsey
Belgian National Arthroplasty Register 200941 {20111 2019, data till 2018"'"
Catalan Arthroplasty Register 2005 |N/R 2017, data tll 2014"'%
National Arthroplasty Registry of Slovenia 201999 120191 2021, data tll 20201
Italian Arthroplasty Registry 2006 201412 2020, data tll 2019
Emilia-Romagna Region Arthroplasty Register | 20001 | 200119 2020, data till 2018
Romanian National Arthroplasty Register 200197 | 201007 E;(EIES j:;lcgzittg?raday:
Portuguese National Arthroplasty Register 20091 {20101 Data till 2013'"*
Scottish Arthroplasty Project Joint Registry 1996 | 200229 2021, data till 20202"
Slovakian National Arthroplasty Register 20030 | 200320 2013, data till 20112Y
Swiss Arthroplasty Register 2012|2015 2020, data till 2019*
Orthopaedic arthroplasty regisiries — hips
Czech Republic Arthroplasty Register 2003 |N/R N/R
French Arthroplasty Register 20067 | 201430 2020, data till 2019*%
Danish Hip Arthroplasty Register 1995 | 2004 2020, data till 2019
Swedish Hip Arthroplasty Register 1979% | 200227 2020, data till 201929
Orthopaedic arthroplasty regisiries — knees
Danish Knee Arthroplasty Register 1997 |N/R N/R
Swedish Knee Arthroplasty Register 19759 19999 2020 data till 201927
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Supplementary Table 3B: Orthopaedic registries — Domain Governance

rivacy regulation for patients

Mandatory Patients' consent Funding Who can access the data and see results? information
Or ic arthroplasty registries — combined
Croatian Register of i N/R N/R N/R N/R N/R
German Arthroplasty Register Not@ Required® Private and public®) N/R NR
Finnish Arthroplasty Register Yeso! NR Public™ NR NR
Trish National Orthopaedic Register Required Private? Only hospitals own data are @ NR
Lithuanian Register N/R N/R N/R N/R
Dutch Arthroplasty Register Not required® Private® N/R Privacy at hospital level®
Hungarian Arthroplasty Register NR NR Only gn]lchaedlc departments’ own data are NR
accessible!”
Norwegian Arthroplasty Register Required™ NR N/R No privacy at hospital level ™
Nordic Arthroplasty Register Association NR NR NR NR g:f:gq','dmm'ca"”" number is
iﬁﬂﬁﬁlﬁiﬂ?ﬁﬁefﬁﬂ‘s .’fifﬁffﬂ":.\ﬁi‘.fs e Required R Patients personal dsa s only availbie for No privacy at hospital- and surgeon-
. treating surgeons level'?
States of Guernsey
Belgian National Arthroplasty Register Yes0 NR N/R NR NR
Catalan Arthroplasty Register No™ NR N/R NR NR
National Arthroplasty Regisiry of Slovenia N/R NR Private and public®" NR NR
Before data are transmitted, a
Italian Arthroplasty Registry Nol!9 Required®® Public!'?) N/R pseudonym is assigned to every
patient®®
Emilia-Romagna Region Arthroplasty Register Yes™ NR N/R NR NR
National Arthroplasty Register Yes!'? N/R N/R N/R. N/R
Portuguese National Arthroplasty Register Nt NR NR NR NR
Scottish Arthroplasty Project Joint Registry NR NR N/R NR NR
Slovakian National Arthroplasty Register Yes™D NR N/R NR NR
Swiss Arthroplasty Register Yes™ Required® NR NR ::l‘:'\';":":fe';‘“ls;‘;;‘:ﬁj::“'“]
Orthopaedic arthroplasty registries — hips
Czech Republic A ¢ Register N/R N/R Public™ N/R. NR
French A Register No'# N/R N/R N/R NR
Danish Hip ry Register Yes® NR Public® NR NR
Swedish Hip Arthroplasty Register Not#) Not required® Private and public®® DD;}:;;D\::; f;;'sll“;lfe:i::z:f},‘ hip NR
Or ic arthroplasty registries — knees
Danish Knee v Register [Yes™ [ Not required™” [NR [NR [NR
Swedish Knee Arthroplasty Register | No® [NR | Private and public®™  |[N/R [NR

Supplementary Table 4B: Orthopaedic registries — Domain Coverage, Design & Organisation

Number of

. Annual number of Data capture Access to registry Type of information " .
N‘,/n n'!' l’lO?pllslS patients/procedures patients/procedures and for provided, for whom D;:'m linkage with
(% of coverage) (total) (last year) collection users S and at which level other sources
Orthopaedic arthroplasty registries — combined
Croatian Register of endoprothesis N/R N/R N/R N/R N/R N/R N/R
1381355 hip and knee | 137681 primary hip e, gceq Medical device
German Arthroplasty Register 723 (N/R) arthroplasties (2012- ariirop asties an and barcode | N/R © 'i’f evice Health insurers®®
2019)5) 124,677 primary knee o (30.46) level®
- arthroplasties (2019)4% scanning!
229,172 primary THA and .
Lo 1,920 primary THA and | Web-based . .
N 2 2 ce . al- e
Finnish Arthroplasty Register 36 (NR)? 247,068 primary knee 2,596 primary knee and barcode | N/R Ho:lpml anc! ’mudlca] N/R
/ arthroplasties (1980- hroplastics (2021 e aT) device-level"
2021)) arthroplasties (2021) scanning'
3,344 primary hip 1,013 primary hip Web-based National database
. . . . rthroplasties and 2,677 arthroplasties and 781 ©0-0asc on discharges
Irish National Orthopaedic Register 7 (58.3%)48 art y . . and barcode | N/R N/R .
= primary knee arthroplasties | primary knee ) from acute public
(2014-2019)49 arthroplasties (2019)49 scanning! hospitals“9
Lithuanian Arthroplasty Register 24 (100%) | N/R NR Web-based® | N/R N/R lmplant usage

databaset?

Dutch Arthroplasty Register

89 (100%)-*1

353,668 primary THA and
287,777 primary TKA

27,205 primary THA and
19,615 primary TKA

Web-based or
by paper and

Hospital- and medical

Through website!® device-level (hospital

Hospitals
information
systems and the

barcode level not public Dutch national
220209 (6)
(2007-2020 (20205 scanning® available)® 3 insurance
database!*?)
Hungarian Arthroplasty Register N/R N/R N/R N/R N/R N/R N/R
218,445 primary hip . .
70 (hip arthroplasties (excluded :;lshi:gg::ia;g(l:ﬁ]udcd
1 (33) i o1
. . . arthroplasties)™ | hemi p"i“hm’ for hip hemi prosthesis for hip “ , Hospital- and medical | National patient
Norwegian Arthroplasty Register and 82 (knee fractures; 1987-2020) and fractures) and 6,587 N/R N/R device-level®d register®
arthroplasties)*¥ | 102,649 primary knee primary knee - g
07 (55) sties " <
(100%, 2000) ;:};{,‘;ﬁ.{?hm s arthroplasties (2020)%%
Nordic Arthroplasty Register Association | N/R N/R N/R N/R N/R N/R N/R

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

-115-



CORE-MD

Coordinating Research and Evidence
for Medical Devices

National Joint Registry for England,

1,251,164 primary hip
arthroplasties and

54,858 primary hip
arthroplasties and 50,904

Hospital-, medical

Hospital episode

Wales, Northern Ireland, the Isle of Man, | 433 (N/R)!!% 1,357,077 primary knee . Web-based!”! | Through website!!? | device-, and surgeon- L 58)
" ) L primary knee ) statistics'
and the States of Guernsey arthroplasties (2003- - 20(56) level'®
202005 arthroplasties (2020
102,665 primary THA and | 24,704 primary THA and
Belgian National Arthroplasty Register N/R 97,138 primary TKA 22,027 primary TKA Web-based®® | Through website™ [ N/R N/R
(2009-2018)7 (2018)°7
Central register of
46,488 primary hip 11,038 primary hip :ﬁ::;i;nl:sa C:z
Catalan Arthroplasty Register 52 (94.5%)65% arl_hmplasncs and 60’192. aﬂhuplaslxcs and 12,798 Web-based? | N/R NR data set at hospital
primary knee arthroplasties | primary knee discharae. and
(2005-2014)03 arthroplasties (2014)( P’;Z[:{Ei‘s' an
1. (13)
3,075 primary THA and | Web-based Hospital-, medical
National Arthroplasty Registry of Slovenia | N/R N/R 2,192 primary TKA and barcode | N/R device-, and surgeon- | N/R
(ZUZU]EM! 61) SCaﬂning(;A' lcvclfﬂ).fv”
27,329 primary THA and I
Ttalian Arthraplasty Registry 277 (35%)%9 | NRR 27,588 primary TKA Web-based® | N/R NR Hospital discharge
2018 databases
Data is
provided in
. paper forms,
- . i 120,408 primary THA and 8,533 primary THA and | but . . Hospitals
Emilia-Romagna Region Arthroplasty (63 102,786 primary knee . (63 | Medical device .
Regisicr 63 (N/R) rihroplasties (3000 7,881 primary knee transferred by | Through website! level®) discharge
cgster i[]] :;}::S tes (2000 arthroplasties (2018)%) | registry staff eve databases'®)
B o an
electronically
database
117,923 primary THA and |7.016 primary THA and :V “b;bgiz‘igr
Romanian National Arthroplasty Register | 125 (N/R)!' 43,208 primary TKA 4,009 primary TKA Y P P ) N/R N/R N/R
(2001-2021)7 (2021)17 barcade
- scanning®
20,860 primary hip 4,440 primary hip
Portuguese National Arthroplasty Register | 141 (N/R)!® arl_hmplasncs and 20,1 ll! aﬂhuplaslxcs and 4,234 NR N/R Ho;p1[nl— angxljncdlcal NR
primary knee arthroplasties | primary knee device-level
(2009-2013) arthroplasties (2013)*%
132,180 primary hip 4,034 primary hip
SCBIT[lSh Arthroplasty Project Joint 16 (N/R)2D ar!hroplastlcs and 123,246 arl.}u'uplaslms and 3,199 NR NR NR NR
Registry primary knee arthroplasties | primary knee
(2001-2020)20) arthroplasties (2020)20)
40 (hip
arthroplasties) | 45,350 primary THA and | 5,347 primary THA and Hospital- and medical
Slovakian National Arthroplasty Register | and 31 (knee 36,943 primary TKA 3,754 primary TKA N/R N/R duvi}Zc:luvcl”’S‘ N/R
arthroplasties) (2003-2020)*" (2020)®
(N/R)®S)
134,673 primary THA and | 19,897 primary THA and :‘; ":;s:i“a‘lgr Medical device E’;Jﬁz‘l‘:lﬁ:ﬁ“
Swiss Arthroplasty Register 186 (100%)* | 102,638 primary TKA 15,378 primary TKA barcode N/R level™ d impl
(2012_2019]”;” ‘2019)13‘)1 nn.o‘ Lg(;m evel anl lm}? ant
scannin sales™
Orthopaedic arthroplasty registries — hips
101,734 primary hip ——
Czech Republic Arthroplasty Register 72 (N/R)# arthroplasties (2003~ N/R N/R N/R ?é[\fllr;gl device N/R
2012)2»
52,391 primary hip 3,146 primary hip
French Arthroplasty Register N/R arthroplasties (2006- arthroplasties (september | N/R N/R N/R N/R
2021)19 2020-september 2021)%
All the Danish
. . . . medical databases
. . . ., 191,946 primary THA 11,193 primary THA Web-based or |, Hospital- and medical
| sl ster f (67) /
Danish Hip Arthroplasty Register 47 (N/R) (1995-2019)7 (2019)€) by paper®® /R device-level 87 Z:;in{:;:ﬂrmiw
registers®®)
. . . . ” 306,075 primary THA 19,942 primary THA Web-based™® Hospital- and medical | National patient
e eorister /R )(26. 69) 7
Swedish Hip Arthroplasty Register 75 (N/R)' (2000-2019)5- 8 (2019)6.69) 9 /R device-level 266 register)
Orthopaedic arthroplasty registries — knees
141,085 primary knee 10,184 primary knee National patient
H o coistel 0,4)(44) ie . s eb-based™® | N/ ital level ™ Hona
Danish Knee Arthroplasty Register 57 (95%) i;i:l]'n;?g‘ll?stms (1997 arthroplastics (2019)™) Web-based N/R Hospital level regisiert™®
Paper forms,
302,589 primary knee . . expect for _— L . .
Swedish Knee Arthroplasty Register 72 (100%)72 arthroplasties (1975- lﬁ']:'?g FHTMYZETB"”H PROMs N/R g?§p1|nll‘ 'aj':ﬂzrnudlca] N‘ﬁT-IOI?:LP’aIILnl
2019)072) arthroplasties ( ) (web- evice-leve! registe
based)™
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Supplementary Table 5B: Orthopaedic registries — Manufacturers mentioned in annual reports, peer-

reviewed publications & websites

Table S5B: Orthopaedic registr

reports, peer-reviey ions & w

Hip arthroplasties

annual

Knee arthroplasties

aap Implantate AG” Adler Ortho®

Adler Ortho ™ 355,71 Acsculap AG™ &
Aesculap AG3 134577 Amplitude™-®
Amplitude®"- %779 Anikat™

Anika'™ Arthrex ™ 55 &1
Argomedical " B. Braun!*® % %63
AristoTech Industries GmbH"" CERAVER®-69
ARTIQO™ Citielle™

ASCO Medical ™ Conn™ 5. 51.56.6%)
Aston-Med™ DEDIENNE Sante®

ASTON-SEM®* ™

-(3, 13, 38, 30, 45, 48, 51, 56, 63, 65)

DePuy Synthes

Atesos Medical AGH

Endoplant GmbH®%

Auxein Medical””

Endoplus Orthopedics'™

B. Braun'™ & 67.79) Exactech™ ™ 5. 569
Biotechni*** 7" Finceramica'*®

Citieffe® - Groupe Lepine!!® B

Co rini 13, 26, 45, 56, T9) Im p lantcast GmbH' 435, 56)
DEDIENNE Sante™ Lafitt™®

DePuy Synthes® > 26 35 38,35, 45, 4% 31,36 63.65.61.77. ) LimaCorporate® ¥ 363,69
Endoplant GmbH*” Mathys Ltd Bettlach®% 31 669
Endoplus Orthopedics'®® MatOrtho Limited -3 56
Evolutis""‘-'“' EET] MBA"‘“J

FH Orthopedics™ ™
NTE)

Medacta International - #5-36!

Finsbury Orthopaedics

MEDIN'

FOURNITURES HOSPITALIERES™"

MicroPort Orthopedics!!? 3% 43.56)

(33,38, 49,63, 77.79)

Groupe Lepine

OHST™®

Gruppo Bioimpianti® "

Permedica S.p.A."*%

Hipokrat'™ SAMO'™

Implantcast GmbH® 4. 51.63) SERF!

ImplanTec"” Smith+Nephew! ™ - 3538 51.5.63)
IMPOLS Speetec Implantate GmbH®)
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Joint Medica™

STRYKERH 13, 38, 39, 45, 48 51, 56, 63, 63)

JRI Orthopaedics'' 330 Surgival''?
Lafitt™® Symbios'®
LimaCorporate®™ %% 3162, 65.67.79) Waldemar LINK %35 . 45, 36, 63.63)

Mathys Ltd Bettlach% 45 3% 637

Wright Medical UK 6%

MatOrtho Limited 2%

Zimmer BiDlTIET[A' 13, 38, 39, 43, 48, 51, 36, 63, 63)

MBA®®

Medacta International*% 3% 45 45.63.79)

Medcomtech®®

MEDIN‘EEI

Merete GmbH®*

S‘ 13,33, 45, 56, 79)

MicroPort Orthopedic

Narang Medical Limited""

Permedica S.p.A.% 570

Peter Brehm®*+*)

Plus Onhcpedicsm'

Protetim!™”

REDA Instrumente GmbH'™"

SAN{O"% [E]]

SERF 13, 48, 63, 63, 67, T9)

Shakti Orthopaedic'™”

Signature Orthopaedics'®¥)

Slﬂilll"'NCphC\-\""' 13,26, 33, 38, 19, 45 48, 51, 56, 63, 67, 77, 79}

3, 13, 16, 33, 3K, 39, 43, 48, 49, 31, 36, 63, 63, 67, 77, 7
STRYKERI..|..-f:.....is..‘i.-1..-1h.4‘?..|.. , B3, 63, 67, 77, 79)

M 63,77
Surgival'®* "™

Symbics[ 19,45, 63, 79)

TIPMED""

TST Medical Devices"”

V2-EVREN""

Waldemar LINK- 13- 26,33, 45,51, &3, 63,67, 77)

Wright Medical UKC5-69

Zimmer Biome

11.!. 13,23, Db, 33,38, 39,45 48 515663, 65,67, 77.79)
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Supplementary Table 6B: Orthopaedic registries — Domain Data quality & completeness

pmain ‘Data g

Quality assurance system defined/quality check of
data

Missing data for

patients’ characteristics

Methods for handling
missing data

Data completeness on
patients/procedure-level

Orthopaedic arthroplasty registries — combined

Croatian Register of endoprothesis N/R N/R N/R N/R
) . The registry thoroughly reviews incoming data sets to , , 70% hip and knee arthroplasties
German Arthroplasty Register identify inconsi e N/R N/R combined (2019)49
T . . 7% ASA score and 12% 95% ry hip arthroplasties and
Finnish Arthroplasty Register HA;?;I:&V?;;&::;E:;cgﬁc(]::?gzmi :a;ﬁ-r ith the BMI (hip arthroplasties N/R 95% primary knee arthroplasties
P ge feglsiry 2014-2021) (2021)
. . P ; ; , 19% hip arthroplasties and 24%
Irish National Orthopaedic Register N/R N/R N/R knee arthroplasties (2018)"*%
I o , “ , 86% primary THA (2011-2013)°7
Lithuanian Arthroplasty Register N/R N/R N/R and 95% primary TKA (2016)7
Annual database check, automatic implant library (if the | Ranging 0.0-4.6% for hip
. . entered product does not correspond with the current arthroplasties and 0.0- p 96.5% hip arthroplasties and 99.2%
Dutch Arthroplasty Register target joint, a warning message on display will 2.1% for knee NR for knee arthroplasties (2020)*"
appear)©" arthroplasties (2020)°"
Hungarian Arthroplasty Register N/R N/R N/R N/R
97,5% primary hip arthroplasties and
Norwegian Arthroplasty Register N/R N/R N/R 97,6% primary knee arthroplasties
(2017)%
Nordic Arthroplasty Register Association N/R N/R N/R N/R
. . . Missing data is . . .
National Joint Registry for England, Wales, ) . N N . L 97,6% primary hip arthroplasties and
Northern Ireland, the Isle of Man, and the Mc\)n}?ly c::ﬂuarlgr]y data quality checks (not further N/R mns.u]icrcld as mmjmg 98,5% for primary knee
States of Guernsey specified) completely at random arthroplasties (2018)°%
(not further specified)*® -
Belgian National Arthroplasty Register N/R N/R N/R N/R
69,4% primary hip arthroplasties and
Catalan Arthroplasty Register Data quality check twice a year (not further specified)'” | N/R N/R 69,6% primary knee arthroplasties
(2014)7
R . \ . o 9% hi ie: %
National Arthroplasty Registry of Slovenia Data quality checks are often performed (not further NR N/R 93% hip arthroplasties and 99,4%

specified)™

knee arthroplasties (2020)(- 61

Italian Arthroplasty Registry

Syntactic and semantic data quality checks first on
procedure and then on device data'®?

Records not passing
quality checks'®?:

Records not passing
quality checks are not

65,8% hip arthroplasties and 63,7%
knee arthroplasties (2018)%?
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Procedures: hip (3.8%),
knee (3.7%)

Devices: hip (7.3%), knee
(6.0%)

included in the
analyses®?!

Checking data on coverage & correct classification of
implanted components, matching

96% of hip, knee and shoulder

Emilia-Romagna Region Arthroplasty Register towards regional databases, and continuous check of NR NR arthroplasties (2018)
data entry®?

Romanian National Arthroplasty Register N/R N/R N/R N/R

Portuguese National Arthroplasty Register N/R N/R N/R NR

Scottish Arthroplasty Project Joint Registry N/R N/R N/R N/R

Slovakian National Arthroplasty Register N/R N/R N/R NR

o 1bili o 1 o o c| 0, e 0,
The P]ausnbllnylcfll?uldara is ch‘gcde as n.lusz:l)( as 11% ASAlscom and IS‘Az 91,7% primary THA (for all reasons
possible at the time it is entered in order to obtain “valid | BMI for hip arthroplasties h
. . " . . , excluding trauma) and 94,1%

Swiss Arthroplasty Register values™ for each data record using an automatically and 10% ASA score and | N/R rimary knee arthroplasties (for all
analysis script, and if necessary the user will be 15% BMI for knee p‘ Y exclud P 8' 39
C d to correct the data™ arthroplasties (2019)%% reasons excluding traumay) (2018)

Orthopaedic arthroplasty registries — hips
Czech Republic Arthroplasty Register N/R N/R N/R NR
French Arthroplasty Register N/R N/R N/R N/R
. . . E Y .

Danish Hip Arthroplasty Register NR g;",lf‘(s;jzﬁ)?ﬁ and 1% g 96,5% primary THA (2019)"
During registration there are compulsory entries that
cannot be left blank if the data is to be saved, the web
input module comes with automatically generated
controls, control reports are automatically generated if
opcraum?ﬁa(a fo.r one of more vanfub_lcs s missing or if 0.4% ASA score. 0.7%
the data is inconsistent, then the hospital in question is BML 0.1% fixation

Swedish Hip Arthroplasty Register contacted and corrects the data itself or a medical record > B o XAy N/R 98% hip arthroplasties (2018)2%)

is sent to the register for follow-up, contact secretaries
and doctors receive a balancing report twice per year in
order to be able to check that the reported operations
balances with the real production unit is requested to
control its register-balance with the local patient

. (26)
adm tem!

method, 0.2% articulation
(2018)26)

Orthopaedic arthroplasty registries — knees

Checked every 3 months (comparing data with the
national patient registry), the entered data are regularly
subject to missing value control for all variables

Missing procedures will
be sent every 3 months

Danish Knee Arthroplasty Register

included in the dataset, checks for coding errors are
continuously performed for several of the most
important variables (e.g., date of surgery and implant
design)™*

N/R

to each orthopaedic
department and request
for data entry*

98-99% primary knee arthroplasties
(2019)7

Swedish Knee Arthroplasty Register

Randomly selected hospitals with =50 annual
procedures are asked to produce patient records for 25
primary knee arthroplasties and these will be compared
to data which is entered in the register. Staff from the
Swedish Knee Arthroplasty Register are visiting
hospitals to gather patient data and will compared to
data entered in the register'”?)

Reported in most
variables (ranging 0.0-
5.1%)2

N/R

97,1% knee arthroplasties (2018)72
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Supplementary Table 7B: Orthopaedic registries — Outcomes reported, definition & follow-up

tcomes reported, de

on & duration

Reasons for revision (hip) Reasons for revision (knee) PROMs Other
Orthopaedic arthroplasty registries — combined
Croatian
Register of |, /p NR N/R NR NR
endo
prothesis
. Infection, loosening (femoral
Cumulative s .
—y . . component/tibial tray/patellar
revisions'); Infection, loosening .
(45). - , - .| component/several components),
6-month™®); (cup/stem/cup & stem), osteolysis -
I @5). " N osteolysis with fixed component
-year*); with fixed component e
453, o . N (femoral component/tibial
18-month™%; (cup/stem/cup & stem), . )
German 5). : N tray/patellar component/several
2-year®; periprosthetic fracture, N o o p ,
Arthroplasty (459, N N components), periprosthetic N/R NR
. 30-month®; dislocation, wear, component . . o
Register @3). . . fracture, ligament instability,
3-year®; failure, malalignment, PP
(459, . - wear, compenent failure,
42-month™*; progression of arthrosis, . .
doyear®S): dition afte 1 and malalignment, restricted
year*); condition after removal, an mobility. procression of
54-month#%); ‘other'#$) HLy. progressi
Soyear® arthrosis, condition after
year=. removal, and "other*
Acute femoral neck fracture, Primary OA, acute fracture
adverse reaction to metal debris, | (femur), aseptic loosening of
aseptic loosening of the femoral component, aseptic
acetabular component, aseptic loosening of patellar component,
sy loosening of the femoral aseptic loosening of tibial
Revision riskst); .
1 -vear: component, acetabular osteolysis, | component, breakage of femoral
yea ay avascular necrosis of femoral component, breakage of insert,
3-year'™; h . e e e ellar ¢ e
. oy cad, breakage of the acetabular | breakage of patellar component,
Finnish S-year™); o
Iy component, breakage of the breakage of tibial component, , ,
Arthroplasty | 7-year™; . L . B N/R N/R
e i), femoral head, breakage of the dislocation of insert, failed
Register 10-year'”; N o
15-yeart®: liner, breakage of the modular osteosynthesis (tibia), femoral
™ neck, breakage of the stem, osteolysis, infection, instability
20-year?; " flew leneth £PF ioint. instability of
35 vearl?) correction of leg lengt of .PF Joint, instability o TF
¥ discrepancy, developmental joint, malposition of femur
dysplasia of the hip, dislocation, | component, malposition of
failed osteosynthesis patellar component, malposition
(pertrochanteric femoral of tibia component, other
fracture), femoral osteolysis, disease, periprosthetic femoral
infection, inflammatory psoriatic | fracture, periprosthetic patellar
arthritis, lack of osseointegration | fracture, periprosthetic tibial
(cup), lack of osseointegration fracture, status post septic
(stem), malposition of the arthritis, stiffness, tibial
acetabular component, osteolysis, unspecific pain, wear
malposition of the femoral of insert, wound necrosis, and
component, metastasis, other ‘other"
disease, other inflammatory
disease, periprosthetic acetabular
fracture, periprosthetic femoral
fracture, posttraumatic secondary
OA, primary OA, trunnion
problem, unspecific pain, unusual
noise of implant, and "other'?)
EQ-5D-5L hiprknee, Oxford En@nopu]monnry c?)mphc‘mmn_fx \\_'nlhm 30-days o‘f
. ip/knee surgery, dislocation within 30-days of hip
. o - N o . | Hip Score, and Oxford Knee P s o N
Irish Aseptic loosening, component Aseptic loosening femur, aseptic Seorel: surgery, infections within 30-days of hip/knee surgery,
National Revision ratest*¥); failure, infection, instability, pain | loosening tibia, infection, - ™ instability within 30-days of knee surgery, mortality
L - T - . . . Pre-operatively*®); o § . . . . R
Orthopaedic | <I year' of unknown origin, periprosthetic | instability, malalignment, pain of . 45). | within 30-days of hip/knee surgery. periprosthetic fracture
L . %) R ™ 6-month post-operatively*); s . B o .
Register fracture, and 'other unknown origin, and 'other . a8). within 30-days of hip/knee surgery, thromboembolic
2-year post-operatively™; events within 90-d £ hin/knee surae ound
5-year post-operatively)*®) events within 90-days of hip/knee surgery, woun,
¥ * | hematoma within 30-days of hip/knee surgery™®
Lithuanian
Arthroplasty | N/R N/R N/R N/R N/R
Register
Anchor question: daily
functioning hip/knee, anchor
. . Arthrofibrosis, infection, insert | question: pain knee, NRS Re-revision hip (dislocation/infection/inlay
Cumulative revision islocati irdlestone situati instability. loosening of - s hin/knee. NRS carl iner of acetabul eni/loosen ¢
ercentages'; Dislocation, girdlestone situation, | wear, instability, loosening o rest scores hiprknee, ! wear/loosening of acetabulum component/loosening of
r]n carl®): : infection, inlay wear, loosening | femur component, loosening of | activity scores hip/knee, NRS | femur component/peri-articular ossification/peri-prosthetic
Dutch 3 yc:".m., of acetabular component, patella component, loosening of | satisfaction scores knee, EQ- | fracture/symptomatic MoM bearing/other), re-revision
Arthroplasty 5-yc:|r""", loosening of femur component, tibia component, malalignment, [ 5D index scores hip/knee, knee (arthrofibrosis/infection/insert
Register T_YC:"M,’ peri-articular ossification, peri- patellar dislocation, patellar pain, | EQ-5D thermometer scores | wear/instability/loosening of femur component/loosening
my "a [n:). prosthetic fracture, symptomatic | periprosthetic fracture, hip/knee, HOOS-PS scores | of patella component/loosening of tibia
12 yfﬂ[‘,‘,‘ MoM bearing, and "other"® progression of QA, revision after | hip, Oxford hip scores, component/malalignment/patellar dislocation/patellar
year™ knee removal, and 'other® Oxford knee scores, KOOS- | pain/periprosthetic fracture/progression OA/other)®
PS scores kneel®);
Pre-operatively'®;
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3-month post-operatively';
1-year post-operatively'®.
Hungarian
Arthroplasty | N/R N/R N/R N/R N/R
Register
Deep infection, dislocation,
gluteal failure, implant failure, Deep infection, defect Per-operative complications hip (not specified), peri-
loosening of acetabular polyethylene, dislocation (no EQ-5D scores hip/knee operative complications knee (administrative
Norweaian component, loosening of femoral | patella), dislocation of patella, HOOS scores hi P KOdS failure/anesthesia problems/avulsion fractures/blood
Anhmgl-‘]s Revision rates®?); component, osteolysis acetabular | fracture near implant, instability, scores kneel: p: torniquet failing/failure of instruments/fracture/ligament
Re isl:;‘ Y | Unknown FU. (no loosening), osteolysis femur | loose distal component, loose Pre-o cralivclif‘”’- rupture/patella tendon rupture/problem difficulty due to
& (no loosening), pain, patella component, loose 1 cal: sl cral‘i\'cl ) anatomy/rupture of damage MCL/technical problem with
periprosthetic fracture, proximal component, yearpf P . cement/tendon injury/violation of sterility
polyethylene wear, previous malalignment, pain, and 'other"™® tourines/other)*
girdlestone, and 'other'®?)
Nordic
Arthroplas , , ;
TP R NR NR N/R NR
Register
Association
Cumulative
revisions®®);
1-yeart*®);
2-year®®;
National 3-year™®;
JoiJ:I 4 imrmj_ 30-days, 90-days, 1-year, S5-years, 10-years, 15-years
Registry for | 5-year(*6); Adverse reaction to particulate morlahl"y ltlp"'kmc' 17')’?5"‘5 n:on\aluy hl?’ re-revisions hip
- (56, AT . e - . (adverse reaction to particulate debris/aseptic
England, 6-year™®; debris, aseptic loosening, Aseptic loosening or lysis, Io ing/dislocation & subl fhead of socket gize
Wales, 7-yeart*®; dislocation & subluxation, head | dislocation & subluxation, mismatch/implant
Northern 8-year*%; of socket size mismatch, implant | implant wear, infection, N/R ﬁ"\cm‘rc-‘infcc':inn Nysis/malalignment/nain/meriprosthetic
Ireland, the | 9-year (only knees)®); | fracture, infection, lysis, instability, malalignment, pain, ; § o lysis/maralignment/ pan/perip
N . 56). N N 5 bt (56) fracture), re-revision knee (aseptic loosening or
Isle of 10-year™, malalignment, pain, and and 'other S . o
3 - - A(56) lysis/dislocation & subluxation/implant
Man, and 11-year (only periprosthetic fracture! - S P . P
(56). wear/infection/instability/malaligr ‘pain/perip
the States knees)*; fracture/progressive arthritis/stiffness/other)*®
of Guernsey | 12-year™); h /progr b
13-yeart*9);
14-year (only
knees)©%);
15-year*);
16-year®®);
17-year'*®,
Revision rates®”;
L-year®"; . L
2 ymr‘ﬂ,, Aseptic loosening, implant
3 yc:“_m,: failure, infection, instability,
Belgian yea 57, . L . malalignment, pain,
c 4-year™"; Aseptic loosening, infection, - .
National 57 3 L 5 . periprosthetic fracture, ; PP
S-year™"); instability, pain, periprosthetic . . /R 90-days mortality hip/knee
Arthroplasty (571, \ W57y progressive OS in nonreplaced
. 6-year™"; fracture, wear, and 'other’ .
Register 7-vears7. component, stiffness, wear of
8 yc:"m,: polyethylene component, and
9 ic:irm‘: ‘other"®"
10-year (only hips)®"
Cumulative revision
rates!’);
1-month!™;
Catalan 3-month"; Infection, mechanical Infection, mechanical
ction, mechani ection, ani ; ;
Arthroplasty | 1-year7®); complications, and 'other'™ complications, and 'other'™ NR NR
Register 3-year™; prications, plica y
5-year'™);
7-year'™);
9-year' ™.
2-stage revision, chronic
infection (>3 months), early
infection (<3 months), femoral
Chronic infection, condition after | component loosening, implant
girdlestone, dislocation, early broken, inequality, instability,
National infection, implant broken, instability of cruciate ligaments,
ahons - (60, 61). loosening, metallosis, NP, instability of lateral ligaments,
Arthroplasty | Revision rates' : B 3 . N . N : p p
. osteolysis, pain, paraarticular malimplantation, non-diagnosis, |N/R N/R
Registry of | Unknown FU. ifi . heti e £ othe
Slovenia ossification, periprosthetic necrosis, OA of other
fracture of acetabulum, component, pain, patellar
periprosthetic fracture of femur, | dislocation, periprosthetic
wear of inlay, and "other"®") fracture, poor ROM, tibial
component removal, total
prosthesis loosening, and
‘other"®"
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Aseptic loosening (cup), aseptic
loosening (stem), aseptic
loosening (total), disease

Aseptic loosening of femur,
aseptic loosening of patella,
aseptic loosening of several
components, aseptic loosening

Discharge destination hi
against medical advice/discharge to a nursing

/knee (deceased/discharge

Italian . S T X . L >
Atthroplasty | Revision rates®%; progression, implant fracture, of tibia, disease progression, NR home/discharge to a residential health care/discharge to
Re isn!) Y | Unknown FU. infection, lysis, pain, dislocation, fractured spacer, hospital at home/ordinary discharge/transfer in the same
sty periprosthetic fracture, previous | implant fracture, infection, hospital/transfer to an acute admission unit of a different
prosthesis removal, prosthesis instability, pain, periprosthetic hospital/transfer to an inpatient rehabilitation hospital)®?
dislocation, wear, and 'other'%2) fracture, stiffness, wear, and
‘other"®)
Deaths during hospitalization hip/knee, deaths within 90-
days after procedure hip, intra-operative complications hip
Acetabulum fracture, aseptic Aseptic loosening of femoral (acetabulum fracture/anesthesiologic/calcar
loosening (cup). aseptic component, aseptic loosening of fracture/diaphysis fracture/greater trochanter
loosening (stem), aseptic tibial component, breakage fracture/hemorragia/instability/other), intra-operative
Emilia Revision rates(®; loosening (total), bone fracture, prosthesis, insert wear, lications knee (; hesiologic/femoral
Romagna S-year(63); heterotopic bone, metallosis, pain | instability, pain without fracture/hemorragia/ligament lesion/rupture patellar
Region 10-year®?) without loosening, poly wear, loosening, periprosthetic bone N/R tendon/tibial fracture/tibial tuberosity fracture/vascular
Arthroplasty | 15-year®¥; primary instability, prosthesis fracture, progression of disease, lesion/other), post-operative complications hip/knee (early
Register 18-year (only hips)(®®). | breakage, prosthesis dislocati prosthesis dislocation, septic infection/deep venous thrombosis), re-revision hip (aseptic
septic loosening, trauma, two loosening, stiffness, total aseptic loosening (cup)/aseptic loosening (stem)/breakage
steps prosthesis removal, and loosening, trauma, two steps prosthesis/global aseptic loosening/pain without
‘other"® prosthesis removal, and 'other loosening/periprosthetic bone fracture/poly wear/primary
instability/recurrent prosthesis dislocation/septic
loosening/unknown/other)
Revision rates!””;
1-year (only hips);
2-year (only hips)™”; | Acetabular loosening, acetabular
Romanian 3-year (only hips)""; | osteolysis, acetabular protrusion,
- 4-year (only hips)”; | broken implant, cotiloiditis, early . . .
National L . . , ., 90-days and 1-year mortality after primary hip
Arthroplasty | >-YeaT (only hips)”™; [ infection, femoral osteolysis, late | N/R N/R rocedure!”)
Re islcﬁ‘ ty 6-year (only hips)™”; | infection, luxation, paraarticular P
& 7-year (only hips)™™: | ossification, periprosthetic
8-year (only hips)™: | fracture, wear, and "other"””
9-year (only hips)™";
10-year (only hips)“".
Portugues Number of Aseptic loosening, deficient Aseptic loosening, deficient
ese - . . - - - , .
N'\lioi'\l revisions®®; implantation stem, dislocation, implantation, fracture of the N/R N/R
° ° Unknown FU. dissociation, fracture implant, implant, infection, luxation,
Arthroplasty infection, osteolysis stem, pain, | osteolysis, pain, polyethylene
Register PE wear, and 'other'® wear, and periprosthetic
fracture**)
Scottish Acute renal failure/acute myocardial infarction/CVA/
Afnhrlo las Revision rates™®); within 30-days after hip/knee procedure, mortality/deep
Pro'cclp.l‘oiz Unknown FU. N/R N/R N/R venous thrombosis/pulmonary embolism within 90-days
Re Jislr after hip/knee procedure, dislocation/infection withing 1-
sty year after hip/knee procedure®"
Acetabular protrusis, aseptic
Cumulative revision [ loosening of acetabular Aseptic loosening of femoral
risks!®3); component, aseptic loosening of | component, aseptic loosening of
1-month(); both components, aseptic patellar component, aseptic
3-month(*; loosening of femur component, | loosening of tibial component,
Slovakian 1-year'™; big bone defect of acetabulum, chronic infection, collateral
National 2-year'; big bone defect of femur, chronic | ligament instability, early
A}Ihm‘ las 3-year'®; infection, early infection, fracture | infection, fracture of the implant, | N/R N/R
Re isl:;' vy 4-year®); of implant, girdlestone to THA, | instability of PCL, knee pain
& S-year(69); luxation, osteolysis of without loosening, luxation,
6-year®; acetabulum, osteolysis of femur, [ malposition, patellar luxation,
7-year (only hips)®: | paraarticular ossifications, patellar pain, PE wear,
8-year (only hips)®®: | periprosthetic fracture, periprosthetic fracture, spacer to
9-year (only hips)®). | polyethylene wear, spacer to TKA, stiffness, and "other"®?
THA, and 'other"®
. Component malposition femur,
Acetabular osteolysis. acetabular | Poncnt mal }Tjsmnn tibia
. .. protrusion, blood ion level, P . P . B
Cumulative revision s : . femorotibial instability,
rates™: dislocation, femoral osteolysis, infection. oint stiffness o
l‘ mr”.m' impingement, implant breakage, an]u'uﬁb;(‘:sis loosening femur,
Swiss 2 yc:arf7‘]: infection, loosening acetabular loosenin, al‘clla lousciin tib‘ia
e 8. component, loosening femoral Ny & P! ¥ & BN 30-days, 90-days, 1-year, 2-years, 3-years, 4-years, 5-
Arthroplasty | 3-year' s component, metallosis pain, patella problems, patellar | N/R cars, and 6-years mortality after hip procedure™
Register 4-yearl8); pcr‘groslhc.['c fncrur] .pos't'on instability, periprosthetic fracture years, ¥ ity a 1p P
1 1 a e, 110 . .
5-year™; o £ femur, periprosthetic fracture
6 ymr”m’ otientation of stem, position aiella, g c:']ij rosthciic fracture
vear orientation of the cup, squeaking, |[Po o PEMP ‘
7-year'™, tibia, sizing femoral component,
status after spacer, trochanter izin tibial ;
pathology, wear, and ‘other®® sizing tibial component, wear o
i ’ inlay, and 'other'’®
Ort dic arthroplasty registries — hips
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the surgery)'™

Czech
Republic ; ; | p ;
Arthraplasty N/R N/R N/A N/R N/R
Register
Cumulative revision . . . .
. L. Aseptic loosening, calcifications,
risks & revision rate |, infection. dislocati
100 observed eep acute 1n! CL.IIDD.l 1S L?Latl()n.
per ). head and neck resection, implant
component years™); . . .
French 1-vear™: fracture, pain, peri-operative
Arthroplasty 2-yc:1 r””': fracture, periprosthetic fracture, | N/A NR N/R
Register J_YC:"UU; removal of material, septic
4 yc:“.rw;: loosening due to chronic
5 yea s infection, wear and/or osteolysis,
6 !y‘_z::,w,' and "other'™
5-years mortality after primary THA, 5-years mortality
Asentic loosening acetabular after primary THA due to OA, blood transfusion within 7-
pue . © l Ig 1 o days after primary THA due to OA, rehospitalization after
?:n]:f:\?itmt;:cfl :L)S;?lcng primary THA due to OA, rehospitalization after primary
a 3 Pl N . . PN R
Danish Hi Revision rate per 100 | loosening of femoral & Trl-.l;?ﬂdu?l_‘[fl’ :3:?1; :f'; rc‘::;:u::sr\‘f:cl:":rI\E)::i;laf?
amsh AP ) obeerved component | acetabular component, , p Pj Y . i ‘on, rep N LS within £
Anhrnplnsry years'®; component failure, dislocation, N/A NR years afl::r primary THA, reprocedures within -Z-ycms
Register Un to 25’ ear® femoral fracture ,;.fc ction ? after primary THA due to OA, reprocedures within 2-
P yea os[ml‘ysis \Vi{hﬂ;lt lnuLs;nil‘-ig years after primary THA due to fracture, re-revision
pain, PE wear without loosc;xing (aseptic loosening (all)/component
and "o[hcr"‘”l g failure/dislocation/femoral fracture/infection/osteolysis
without loosening/pain/Polyethylene wear without
lo ing/'other')*”
2nd and 3rd revision (dislocation/extraction without
registered insertion (yet)/infection/loosening/periprosthetic
fracture/other), 9-years patient survival, 30-days and 90-
. 26) . days mortality after hip procedure, adverse events within
Survival rates®®); . Lo Pre-operatively, 1-year, 6- . . .
Swedish Hip | 2-year®; Dislocation, implant fracture, years, and 10-years post- 30- and 90-days after hip procedure (i.c., all kinds of
. infection, instability, loosening, , o ) readmissions that can be assumed to have a connection
Arthroplasty | 5-year®; Y & N/A operatively (EQ VAS/EQ-
plasty e ;. eriprosthetic fracture, and . P vely ; g with the operation that has been carried out, divided into:
26 perip: P
Register <10-year'™; H 126) 5D-5L index/pain i T R
10-13year® other VAS/satisfaction VAS)2® cardiovascular/medical/surgical complications),
year= satistacty reoperation in 1st/2nd/3rd year after hip procedure
(allergy/ALVAL and/or pseudotumor/bleeding,
hematoma/cup and/or liner wear/cyst and/or bursa/delayed
fracture healing/difference in bone length/dislocation
and/or instability/dislocation/fracture of spacer/faulty
inserted implant/fracture acetabulum/fracture
femur/fracture under resurfacing prosthesis/heightened
metal ion concentrations/heterotopic bone
formation/implant rupture inclusive plate
rupture/inadequate cementation/loose piece of
cement/infection/loose implant part/loosening/malignant
or benign tumor/material left behind (not cement)/nerve or
vascular injury/osteolysis acetabulum and/or femur/per
operative fracture (previous op.)/trochanteric problems,
limb/unclear pain/wound complication (rupture,
granuloma)/other) %
Orthopaedic arthroplasty registries — Knees
Danish
Knee . , , ; .
Artheoplasty | VR N/A N/R NR N/R
Register
Pre-operatively and 1 year
chc‘hsh Cumulative revision Fracture, infection, instability, posr-‘l‘Jpcmuv“cly (EQSD/EQ- Adverse events within 90-days after primary knee
Knee (72). / looseni 1 N VAS/KOOS/OMERACT- 1 dverse ical all/cardi 1
Arthroplasty |72 N/A loosening, patella, progress, OARSIVAS-knee replacement (adverse surgical events/all/cardiovascular
roplasty Up to 10-years”. wear, and 'other'” S nee . events/death within 90-days/other)™
Register pain/V AS-satisfaction with

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

-124 -




CORE-MD

Coordinating Research and Evidence
for Medical Devices

Supplementary Table 8B: Orthopaedic registries — Domain Safety & performance

— Domain * vy & performance’

Frequency of  Level of [.eedback .]-eedhal.:k ‘Outlier reports/procedures Y -on of Number of outliers identified
feedback provided (time period) of results outlier
Orthopaedic arthroplasty registries — combined
Croatian Register of endoprothesis N/R N/R N/R N/R N/R N/R N/R
o . N/R (revisions per implant are .
German Arthroplasty Register Annually*9) l\:l::]:::l deviee ;-;tfa’rj 4;,4 ' | reported; sl:\listiza] testing :\lflabi]li:gc’ 45 |NR N/R
lunknown)®*
1-, 3-, 5-years
. (hospital p - .
Hospital- and level) and 1- N/R (revisions per implant and Publicl
Finnish Arthroplasty Register Annually® | medical device b ° | hospital are reported; statistical HEY a R N/R
3 3-,5-,7-,10 . .i available®™
level' years (medical testing unknown)*
car: 1€
device level)®
. . . . Annually and . ; ; .
Irish National Orthopaedic Register s | NR N/R N/R N/R N/R N/R
quarterly**
Lithuanian Arthroplasty Register N/R N/R N/R N/R N/R N/R N/R
Membe:
Hospital- and l-and 5 Revision outlier procedures for -mzm -
Dutch Arthroplasty Register Annually®! | medical device/ h s VISt e P! Lm ; : L R N/R
levelS) years!® hospitals and implants'® individual
hospitals'®
Hungarian Arthroplasty Register N/R N/R N/R N/R N/R N/R N/R
(1:“:‘:1‘[]:1 N/R (durability of replacements
l -
Haspital- and ]cu‘lp) and 3. |PEF hip implant and percentage
. N -revised standard hi Public;
Norwegian Arthroplasty Register Annually® | medical device and 10-years non-revised standard ip HoIey ay | NR N/R
level® (medical patients per hospital are available®
device reported; statistical testing
]:‘ 11;,'_‘” lunknown)*#
el)’
Nordic Arthroplasty Register Association N/R N/R N/R N/R N/R N/R N/R
Hospitals performing both THA
and TKA:
.. |-201 positive outlier hospitals
;::ZT:‘:: and 7 negative outlier hospitals on
ide the .
compliance;
e based . . .
::ng; e\xs‘:‘don - 218 positive outlier hospitals
ra; "c i}L “ and 6 negative outlier hospitals on
. ?urmancc revision compliance;
?;:—rhos a0 257 positive outlier hospitals
P and 38 negative outlier hospitals
Implants: on consent;
hav'i i a n;urc - 319 positive outlier hospitals
Medical b ne - and 8 negative outlier hospitals on
L_ 1ea than Iw!u.- valid NHS number;
devices: 1-, 3-, prothesis time 198 positive outlier hospitals
. . - 110 1cr 1
National Joint Registry for England, Wales, Hospital-, medical 5]-'5 IUI‘% Revision outlier performances | Publicly E;Ii"m A nd 79 negative outlier hospitals
Northern Ireland, the Isle of Man, and the Annually®® | device-, and surgeon- | "’ o for hospitals, implants, and availablets. [*1 on time taken to enter data™®”
. ernse svel (56 years™ Y o0y compared to
States of Guernsey levelt IHospitals and surgeons the aroup
1l a C s . .
. Hospitals perfi THA:
surgeons: 1- allowing for OSpiia’s perionming -
bind 3-year® confidence | | Positive outlier hospitals on
intervals® compliance;
- 6 positive outlier hospitals on
Surecon: revision compliance;
Dulsigd: 9'9 8%l 5 positive outlier hospitals and 3
control limit ° negative outlier hospitals on
of furnnc; L;[ consent;
(analysin, pgo - 5 positive outlier hospitals and 2
day myulr[fl'ly negative outlier hospitals on valid
1
NHS ber;
following THA n}n-m ers . .
and TKAY | 3 positive outlier hospitals and 3
: negative outlier hospitals on time
taken to enter data'™
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Hospitals performing TKA:

- 2 positive outlier hospitals on
compliance;

- 2 positive outlier hospitals on
revision compliance;

- 1 negative outlier hospital on
consent;

- 1 positive outlier hospitals on
valid NHS number;

- 1 positive outlier hospitals and 1
negative outlier hospital on time
taken to enter data®™”

- 31 component combinations
(THA); 12 THA cups; 13 THA
stems, and 17 TKA implants

- No outlier surgeons identified

twice

Belgian National Arthroplasty Register N/R N/R N/R N/R NR N/R N/R
Catalan Arthroplasty Register N/R N/R N/R N/R NR N/R N/R
N/R (revisions per implant are "
National Arthroplasty Registry of Slovenia Annually©- 1 Medical device N/R reported; only numbers are ::Z]l:l:i"’“- N/R N/R
level - 40 shown, no statistical testing)®" |/
61y
Italian Arthroplasty Registry N/R N/R N/R N/R NR N/R N/R
. L N/R (revisions per implant are .
Emilia-Romagna Region Arthroplasty Register | Annually®® T::]::.zl device S-years!'®® reported; statistical testing f\:‘:,]l:;im, N/R N/R
unknown)® e
Hospital- and 2-,5-and l!]- N/R (imPlanr survivalh & ‘
Romanian National Arthroplasty Register N/R medical device years (hospital Tmpcralmns per hospllnlAa n.d P“b.]ldy N/R N/R
level™ level) and implant are reported; statistical | available™
range +8-to  |testing unknown)!’”
13-years
(medical
device
level)™"
N/R (list of hospitals in which Publicly
Portuguese National Arthroplasty Register N/R Hospital level ¥ N/R revisions were performed; oo as |NR N/R
statistical testing unknown)**) available
2 hospitals (hip AMI within 30-
days), 1 hospital (hip ARF within
30-days), 2 hospitals (hip CVA
within 30-days), 2 hospitals (hip
Hospitals between 2-3SD are mfcc»tmn within 1 ycfir], 2. -
alerted to their position and I;sfs:;:j (; fg::;[r;ﬁlxi:"hm
30-and 90 .‘adviscd to mvcs:(ignlc this 2-38D above revision ;virh‘m Ioyear), |
Scottish Arthroplasty Project Joint Registry Annually® | Hospital level®” days, 1, 3-, | internally, hospitals that have N/R the mean and hospital (hip revision within 5-
and 5 exceeded >3 SD above the >38D above .
0 N o s | Years),3 hospitals (knee ARF
years' mean are alerted as well and the mean' within 30-days), | hospital (knce
required to conduct . . e
investigations on this issue™® mfcc.t ion within l-yh‘ﬁl.‘), 2 -
hospitals (knee mortality within
90-days), 1 hospital (knee
revision within 1-year), 2
hospitals (knee revision within 5-
ycars)l}(l)l
Revisions per implant are
. reported including relative risks 49 component combinations
. . . , Ho:?ﬂal- anfi p on revision: RR >5% are Publicly RR >=5% and |(THA) of which 20 uncemented,
Slovakian National Arthroplasty Register NR mcdli::'l device N/R marked in orange and >10% are | available®® |RR >10%"% |13 cemented, 8 hybrids, and 8
fevel ® marked in red, revisions per reverse hybrids®®
hospital are reported'®
. . Annually and | Medical device 10 Revision per implant are Publicl Revision rates 12 component combinations
Swiss Arthroplasty Register quarlcrly);:] level Z-years? reported upullicr Erarus is set at nvailnb?’c'”’ of more than (THA) 5f\vhia:h 9 uncemented, 3
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more than twice than the compared to | hybrids, and 3 TKA implants (all
relevant group average?) the relevant | component fixations)*
groupt%
Drthopaedic arthroplasty registries — hips
Czech Republic Arthroplasty Register N/R N/R N/R N/R N/R N/R N/R
Revision rate per 100 observed .
. Revision rates
component years per implants of >1.3 per 3 cups [THA];; unccmznl:t:il
. 9 Medical device , are reported, implants >1.3 Publicly cup; 1 cemented cup; 1 double
French Arthroplasty Register Annually™ level ™ N/R revision rate per 100 observed | available™ 100 observed mobility cup uncemented, and 2
. component .
component years are considered 79 uncemented stems (THA)™
to raise concern'™ years
Blood transfusion rates within
7-days after primary THA due
to OA & rehospitalization after
pnmar}' TH AA& . 2 hospitals (rehospitalization
rehospitalization after primary after primary THA), 3 hospitals
THA due to OA & P .
T . (rehospitalization after primary
rehospitalization after primary .
THA due to fracture & ) . THA due to fracArurlc), 4 hospitals
reprocedures within 2-years ) Outside QS/n (rcpmc-cdurcs within Z-ynar-s
Danish Hip Arthroplasty Register Annually®® | Hospital level " ‘.’-days.”:,’.?- and after primary THA & P\lehcly control limits | after primary TF!A.)' 3 hospitals
S-years(®7 reprocedures within 2-years available®” | of (rcpmc-cdurcs within 2-years
after primary THA duc to OA & funnel plot®” aﬁcr»pnmary THA due n? 0A), 4
e hospitals (5-years mortality after
reprocedures within 2-years . .
after primary THA due to primary THA)' 3 hospitals (3
fracture & 5-years mortality years mortality after primary
. THA due to QA)®"
after primary THA & 5-years
mortality after primary THA
due to OA per hospital are
reported (funnel plots)©”
Hospital-, medical | 90-days and 2-| Revision outlier procedures for | Publicly Above the 1 surgeon for reoperations within
Swedish Hip Arthroplasty Register Annually®® | device- and surgeon | years (surgeon| surgeons (e.g., above the 95% | available as |95% CI for | 2-years (data 2016), 8 hospitals
level®® level), 2-, 5-, | CI for adverse events within 90-| well as adverse events| on 5-years implant survival, 7
10-years days & reoperations within 2- | individual | within 90-days| hospitals on 10-years implant
(hospital years after hip procedure), 30- [reportsto | & reoperations| survival, 14 hospitals on 30-days
level) and <2-, | days adverse events, 90-days | hospitals®® | within 2-years | adverse events (elective patients),
2-, and 5-years| adverse events, 5- and 10-years after hip 16 hospitals on 90-days adverse
(medical implant survival per hospital procedure events (elective patients), 5
device (95% CI interval for each based on the | hospitals on 30-days adverse
level)? hospital above the average 30- average during| events (standard patients), 6
and 90-days adverse events that period hospitals on 90-days adverse
rates and survival rate), N/R (surgeon events (standard patients), 5
(reoperations within 2-years level) and hospitals on 30-days adverse
after primary procedure per 95% Cl per | events (fracture patients), 2
hospital are reported: statistical hospital above | hospitals on 90-days adverse
ltesting unknown), revision on the average 5- | events (fracture patients), 7
10-year survival and 10-years | hospitals on 30-days adverse
(based on log-rank tests with survival events (after first reoperation), 6
significance set at p<0,0005 rates® hospitals on 90-days adverse
compared with control group)®® cvents (after first operation), 4
hospitals on 30-days adverse
events (second or later
operation), 2 hospitals on 90-
days adverse events (second or
later operation), 6 hospitals on
30-days adverse events (after first
revision), 6 hospitals on 90-days
adverse events (after first
revision), 3 hospitals on 30-days
adverse events (after second or
later revision), 3 hospitals on 90-
days adverse events (after second
or later revision), 7 THA cups,
fand 1 THA stem®%
Danish Knee Arthroplasty Register NR N/R N/R N/R N/R N/R
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Swedish Knee Arthroplasty Register

Annually™

Hospital- and
medical device
level ™

90-days
(hospital
level), N/R
(medical
device
level)™

N/R (all events/adverse surgical
events/cardiovascular
events/death/other events within
90-days per hospital (risk/1000)
are reported; statistical testing
unknown), risk of revision per
implant are reported (marked in
red with higher risk ratio, based
on risk of revision (RR); the
PFC-Sigma MBT implant is
used as reference), relative risk
of revision per hospital are
reported (marked in red with
higher risk ratio; statistical
testing unknown)™

Publicly
available as
well as
individual
reports to
hospitals'?

3 TKA implants (general risk of
revision), 4 TKA implants (risk
of revision when infection is not
considered to be a revision), 10
hospitals (relative risk of
revision), 9 hospitals (relative
risk of revision when infection is
not considered to be a

revision)™?
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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 () 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
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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 3 3 3 3 3 3
centre(s)
Minimum number of surgeons outside of 3 3 3 3 3 3
development centre(s)
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 3.0% 3.5% 4.0% 5.0% 6.5% 8.0%
revision rate
TK-implant — ODEP criteria A* ratings 3A* S5A* 7A* 10A* 13A* 15A*
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Minimum number of centres outside development 3 3 3 3 3 3
centre(s)
Minimum number of surgeons outside of 3 3 3 3 3 3
development centre(s)
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 108 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 3.5% 4.0% 4.5% 5.0% 6.0% 6.5%
revision rate
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%Cl) 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%Cl. If only the 95%Cl was provided, the SE was
calculated by subtracting the upper- and lower-95%Cl 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.

TH-cup/TH-stem/TK-implant (tibial-femoral combination)

L

Multiple TH-cups/TH- Multiple TH-cups/TH-

1 TH-cup/TH-

TH-cup/TH-stem/TK- stems/TK-implants stems/TK-implants tem/TK.implant
implant not found found (different found (same ODEP- stem fou_:;lp an
ODEP-ratings) ratings)

o i

Figure 1: Flowchart showing the matching process for TH-components and TK-implants
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TH-cup not found
AND
- TH-stem not found
- 1 TH-stem found
- Multiple TH-stems
found (different

Multiple TH-cups
found (different
ODEP-ratings)

AND

- TH-stem not found
-1 TH-stem found
- Multiple TH-stems

Multiple TH-cups
found (same ODEP-
ratings)

AND
- TH-stem not found

1 TH-cup found
AND

- TH-stem not found
- Multiple TH-stems

Multiple TH-cups
found (same ODEP-
ratings)

AND
- 1 TH-stem found

1 TH-cup found
AND
- 1 TH-stem found
- Multiple TH-stems

ODEP-ratings) found (different - Multiple TH-stems found (different - Multiple TH-stems found (same ODEP-
- Multiple TH-stems ODEP-ratings) found (different ODEP-ratings) found (same ODEP- ratings)
found (same ODEP- - Multiple TH-stems ODEP-ratings) ratings)
ratings) found (same ODEP-
ratings)
A* cup A cup B cup
AND AND AND

A* stem A* stem A* stem
Astem A stem A stem
B stem B stem B stem

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 12 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%Cl 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)).

| European orthopaedic registries listed in review (n=26)

Additional orthopaedic registries
listed by AOANJRR (n=6)

Y

Orthopaedic registries (n=32)

4
Exclusion (n=23)
- Do not report implant-level cumulative revision risks including SE|
and/or 95%CI (n=12)
- No annual report containing registry data till 2020 (n=10)
- Regional registry included in national registry (n=1)

4

Orthopaedic registries (n=9)

Y \ 4

Registries reporting on TH-
implants (n=9)

National registries

- Australia (AOANJRR)
- England, Wales, North Ireland,

the Isle of Man, and the States
of Guernsey (NJR)

- Finland (FAR)

- Germany (EPRD)

- Sweden (SHAR)

- Switzerland (SIRIS)

- The Netherlands (LROI)

- The United States (AJRR)

Regional registries

- Italy (RIPO)

Registries reporting on TK-
implants (n=8)

National registries

- Australia (AQANJRR)

the Isle of Man, and the States
of Guernsey (NJR)

- Finland (FAR)

- Germany (EPRD)

- Switzerland (SIRIS)

- The Netherlands (LROI)

- The United States (AJRR)

Regional registries

- Italy (RIPO)

- England, Wales, North Ireland.

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).

Table 2: Cumulative revision risks ODEP-matched versus ODEP-unmatched implants

Mistched implants Unmatched implants Matched versus unmatched implants = Unmatched implants Matched versus unmatched
SARESIRS, BRI - multiple ODEP-ratings multiple ODEP-ratings - no ODEP-rating implants - no ODEP-rating
Revision risk n Revision risk n Mean difference (95% Cl) Revision risk n Mean difference (55% CI)
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 -0.29% (-0.09:0.46)
Stems - S-year 3.4% 1,418,673 3.4% 162,655 0.0% (-0.82,0.82) 42% 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)"
‘= p-value=<0.001; "= p 0.001; "= p-value=<0.001; "= p-value=0.013; "= p-value=0.019; "= p-value=0.042

Table 3: Cumulative revision risks ODEP-matched versus ODEP-unmatched TH-implants

Matched implants Unmatched implants Matched versus unmatched implants
Revision risk n Revision risk n Mean difference (95% CI)
TH-imglants - 3-year 2.6% 799,382 2.9% 1,405,493 -0.3% (-0.08;-0.58)
TH-imglants - S-year 3.0% 793,761 4.0% 1,365,984 -1.0% (-0.47;-1.52)
TH-imglants — 10-year 5.2% 503,730 8.6% 1,006,928 -3.4% (-1.66;-5.08)""
"= p-value=0.010; "= p-value=<0.001; "= p-value=<0.001

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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Table 4: Cumulative revision risks A*- versus A-rated TH-components (cups and stems)

A* compenents A components A* versus A components
Bexiston n Baglatrles, Revision risk ,, eglstrin Mean difference (95% C1) P
risk included, n S included, n e
Cups — 3-year 2.3% 1,058,495 7 2.6% 153,979 5 -0.3% (-0.71;1.19) 78%
Cups — 5-year 2.6% 1,302,734 9 3.0% 180,830 7 -0.4% (-0.78;1.34) 86%
Cups — 10-year 4.5% 1,030,923 6 6.2% 137,499 5 -1.7% (-0.49;3.55) 0%
Stems — 3-year 2.3% 1,098,938 7 2.3% 288,025 7 -0.1% (-0.74;0.60) 67%
Stems - 5-year 3.0% 1,109,707 8 3.2% 311,695 8 -0.1% (-0.81;0.76) 70%
Stems - 10-year 5.5% 1,001,275 6 6.9% 170,134 5 -1.5% (-2.08:4.63) 5%

Table 5: Cumulative revision risks higher- versus lower-rated TH-implants

A*A* implants AA implants A* cup + A stem implants Acup +A* stem implants A®A* versus AA implants
Registries Registri Registri Registries Mean
Revision risk n HEBRIG Revision risk n _--E'EE‘[“Q Revision risk n HegRinGs Revision risk n P e difference #
Reien, included, n LA included, n TEvEen, included, n Sevizon, included, n guerence
Inguged LLEES inguged (95% C1)
3year 2.1% 448,940 7 3.7% 16,066 4 5% 191,696 7 2.2% 86,761 5 in ,l'ng: 76%

.25)

Syear 217% 452,788 8 4.1% 1711 H 3.0% 211,212 8 2.6% 87,954 6 73%

10-year 5.2% 351,180 5 7.7% 14,861 4 47% 116,519 4 4.6% 83,244 5

82%

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 O 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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Table 6: A*- and A-rated TH-components (cups and stems) reaching the A*-OPC based on pooled cumulative revision risks

Unique type of components, n Componentslreaching the A* benchmark, n
(% of unique type of components)
All components Components used in 22 registries All Components Components used in 22 registries

A* cups — 3-year 33 23 13 (39) 9(39)

A* cups — 5-year 36 25 16 (44) 11 (44)

A* cups — 10-year 30 18 9(30) 4(22)

A* stems — 3-year 33 25 14 (42) 12 (48)

A* stems — 5-year 31 24 11(35) 8(33)

A* stems — 10-year 20 14 1(5)

A cups — 3-year 17 11 4 (24) 3(27)

A cups — 5-year 17 11 4(24) 2(18)

A cups — 10-year 9 3 2(22) 1(33)

A stems — 3-year 29 10 9(31) 3(30)

A stems — 5-year 28 12 9(32) 3(25)

A stems — 10-year 13 5 3(23) 2 (40)

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%Cl, 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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mplant demographics of TH-cups

AJRR AOANIJRR EPRD FAR LROI NJR RIPO SHAR SIRIS

20 138 56 123 74 64 62 26 20

Unique type of d,
rique type of cups used, n (243,980)  (422,351) (242,941) (177,972) (219,875) (921,900) (55284) (261,959) (69,628)

Match with ODEP, n (% of total unique cups) 7(35) 50(43) 30(54) 53(43) 49(66) 44(69) 41(e6) 18(69) 12(60)
A*-rating 5(72) 41(70) 16(53) 36(68) 23(47) 37(84) 29(71) 11(61)  12(100)
A-rating - 12(20)  9(30) 10(19) 17(35) 5(9) 3(7) 7(39) -
B-rating 1(14) - - - - - - _ _
Lapsed, pre-entry or withdrawn rating 1(14) 6 (10) 5(17) 7(13) 9(18) 2(5) 9(22) - -

Multiple ODEP-ratings, n (% of total unigue cups) 2(10) 47(34)  3(5) 10(8) 15(20) 6(9) 6(10) 4(15) 7(35)

No ODEP-rating, n (% of total unigue cups) 11(55) 32(23) 23 (41) 60 (49) 10 (14) 14 (22) 15 (24) 4(15) 1(5)

Total number of ODEP-matched cups used 123,149 104,829 138,066 84,725 114,457 670,600 39,750 237,252 37,563

Mean cumulative revision risk

ODEP-matched and ODEP-unmatched cups — 3-year  1.8% 2.7% 3.4% 3.5% 2.3% 1.7% - - 2.4%
ODEP-matched and ODEP-unmatched cups — 5-year  2.2% 3.6% 3.8% 5.4% 2.9% 2.7% 3.5% 1.2% 2.9%
ODEP-matched and ODEP-unmatched cups — 10-year - 6.8% - 11.6% 4.5% 5.2% 5.2% 1.9% -
ODEP-matched cups — 3-year 1.8% 2.6% 3.5% 3.5% 2.3% 1.4% - - 2.5%
ODEP-matched cups — 5-year 2.1% 3.3% 3.5% 4.9% 2.9% 1.9% 2.7% 1.0% 3.1%
ODEP-matched cups — 10-year - 5.7% - 9.0% 4.3% 3.4% 47% 1.9% -

Unmatched cups (no rating and multiple ODEP-

) 1.8% 2.8% 3.2% 3.6% 2.4% 2.4% - - 2.4%
ratings) — 3-year

Unmatched cups (no rating and multiple ODEP-

) 2.2% 3.9% 4.1% 5.8% 3.0% 4.5% 5.1% 2.2% 2.6%
ratings) — 5-year

Unmatched cups (no rating and multiple ODEP-

i - 7.5% - 13.3% 4.8% 9.1% 6.2% 1.9% -
ratings) — 10-year

Unmatched cups (no ODEP-rating) — 3-year 1.9% 3.5% 3.3% 3.6% 2.3% 2.8% - - 1.6%

Unmatched cups (no ODEP-rating) — 5-year 2.2% 5.2% 4.1% 5.9% 2.9% 5.5% 5.9% 2.2% 1.6%

Unmatched cups (no ODEP-rating) — 10-year - 11.1% - 14.1% 5.2% 10.9% 6.4% 2.3% -

Unmatched cups (multiple ODEP-ratings) — 3-year 1.7% 2.3% 3.2% 3.8% 2.5% 1.7% - - 2.5%

Unmatched cups (multiple ODEP-ratings) — 5-year 2.5% 3.0% - 5.2% 31% 2.1% 3.0% - 2.8%

Unmatched cups (multiple ODEP-ratings) — 10-year - 5.4% - 8.8% 4.6% 3.3% 5.9% 1.7% -
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plant demographics of TH-stems

AIRR ADANJRR EPRD FAR LROI NJR RIPO SHAR SIRIS

38 138 82 123 74 64 62 17 20

Unique type of stems used, n
que typ (233,779)  (422,351) (240,645) (177,972) (219,875) (921,900) (55,284} (226,008) (69,628)

Match with ODEP, n (% of total unique stems) 25 (66) 77(56) 38(46) 59(48) 59(80) 36(56) 37(60) 12(71)  13(65)
*_rating 11 (44) 55(71)  18(47) 44(75) 45(76) 24(67) 17(36) 10(83) 7(54)
A-rating 13(52) 21(27) 17(45) 15(25) 5(8) 11(31) 18(49) 2(17) 5(38)
B-rating 1(4) - 1(3) - - - 2 (5) - -
Lapsed, pre-entry, or withdrawn rating - 1(1) 2(5) - 9(15) 1(3) - - 1(8)
Multiple ODEP-ratings, n (% of total unique stems) 1(3) 17 (12) 5(6) 8(7) 8(11) 5(8) 5(8) 1(6) 4 (20)
No ODEP-ratings, n (% of total unique stems) 12(32) 44 (32) 39 (48) 56 (46) 7(10) 23(36) 20(32) 4 (24) 3(15)
Total number of ODEP-matched stems used 211,185 230,752 148,846 106,275 189,679 481,828 36,074 166,977 56,600

Mean cumulative revision risk

ODEP-matched and ODEP-unmatched stems — 3-year 1.8% 2.7% 3.4% 3.5% 2.3% 1.7% - - 2.4%
ODEP-matched and ODEP-unmatched stems — 5-year 2.2% 3.6% 3.7% 5.4% 2.9% 2.7% 3.5% 0.6% 2.9%
ODEP-matched and ODEP-unmatched stems — 10-year - 6.8% - 11.6% 4.5% 5.2% 5.2% 2.1% -
ODEP-matched stems — 3-year 1.7% 2.8% 3.3% 3.7% 2.2% 1.7% - - 2.4%
ODEP-matched stems — 5-year 2.1% 3.8% 3.6% 5.1% 2.7% 2.7% 3.0% 0.6% 2.9%
ODEP-matched stems — 10-year - 8.0% - 9.6% 4.2% 5.3% 5.2% 1.9% -

Unmatched stems (no ODEP-rating and multiple ODEP-

2.1% 2.6% 3.5% 3.4% 2.8% 1.7% - - 2.5%
ratings) — 3-year
Unmatched stems (no ODEP-rating and multiple ODEP-
2.4% 3.4% 3.7% 5.6% 3.5% 2.7% 4.3% - 3.0%
ratings) — 5-year
Unmatched stems (no ODEP-rating and multiple ODEP-
- 5.5% - 13.2% 5.4% 5.1% 5.2% 2.4% -
ratings) — 10-year
Unmatched stems (ne ODEP-rating) — 3-year 2.1% 2.6% 3.6% 3.4% 2.6% 1.8% - - 2.1%
Unmatched stems (ne ODEP-rating) — 5-year 2.3% 3.3% 3.5% 5.8% 3.4% 2.9% A47% - 2.5%
Unmatched stems (no ODEP-rating) — 10-year - 5.3% - 13.4% 5.8% 5.6% 5.2% 2.5% -
Unmatched stems (multiple ODEP-ratings) — 3-year 2.2% 2.8% 3.1% 2.8% 3.0% 1.3% - - 2.8%
Unmatched stems (multiple ODEP-ratings) — 5-year 2.6% 3.6% 4.6% 4.4% 3.7% 1.8% 2.5% - 3.3%
Unmatched stems (multiple ODEP-ratings) — 10-year - 6.2% - 10.0% 4.9% 3.2% 5.1% 1.9% -
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ry Table 3: Implant demographics of TH-implants (cup-stem combinat

AJRR AOANJRR EPRD FAR LROI NIR RIPO SIRIS

33 138 120 123 74 64 62 20

Unigue type of implants used, n
que TP P (200,068)  (422,351) (199,786) (177,972) (219,875) (921,900) (55,284) (69,628)

Match with ODEP, n (% of total unique implants) 14 (42) 35(25) 41 (34) 27 (22) 41 (55) 26 (41) 26 (42) 8 (40)
A cup + A* stem 3(21) 15 (43) 22 (54) 11(41) 16(39) 12(46) 8(31) 5(63)
A% cup + A stem 9(64) 7(20) 9(22) 7(26)  3(7) 10(38) 10(38)  2(25)
A* cup + B stem 1(7) - - - - - - -

A* cup + withdrawn, pre-entry or lapsed stem - - - - - - - 1(13)
A cup + A* stem - 7(20) 7(17) 4(15) 8(20) 3(12) 1(4) -
Acup +Astem - 2(6) 2(5) 2(7) 2(5) - 2(8) R

Acup + B stem - - - - - - - -
A cup + withdrawn, pre-entry or lapsed stem - - - - 3(7) - - -
B cup + A* stem - - - - - - - -
B cup + A stem - - - - - - - -
B cup + B stem - - - - - - - -

B cup + withdrawn, pre-entry or lapsed stem - - - - - - - _

Withdrawn, pre-entry or lapsed cup + A* stem 1(7) 2(6) 1(2) 1(4) 5(12) - 2(8) -
Withdrawn, pre-entry or lapsed cup + A stem - 1(3) - 2(7) - - 2(8) -
Withdrawn, pre-entry or lapsed cup + B stem - - - - - - 1(4) -

Withdrawn, pre-entry or lapsed cup + withdrawn, pre-

entry or lapsed stem 1@ ) ) 4(10) 1@ ) )

No match with ODEP, n (% of total unique implants) 19 (58) 103 (75)  79(66) 96(78) 33(45) 38(59) 36 (58) 12 (60)

Total number of ODEP matched implants used 104,372 59,178 77,529 53,772 93,399 382,197 29,933 32,833

Mean cumulative revision risk
ODEP-matched and ODEP-unmatched implants — 3-year  1.9% 2.7% 3.3% 3.5% 2.3% 1.7% - 2.4%
ODEP-matched and ODEP-unmatched implants — 5-year  2.2% 3.6% 3.3% 5.4% 2.9% 2.7% 3.5% 2.9%
ODEP-matched and ODEP-unmatched implants — 10-year - 6.8% - 11.6% 4.5% 5.2% 5.2% -
ODEP-matched implants — 3-year 1.8% 2.6% 3.1% 3.7% 2.1% 1.5% - 2.6%
ODEP-matched implants — 5-year 2.2% 3.3% 3.2% 4.9% 2.7% 1.9% 2.8% 3.2%
ODEP-matched implants — 10-year - 5.8% - 8.0% 4.2% 3.4% A4.7% -
ODEP-unmatched implants — 3-year 1.9% 2.8% 3.3% 3.5% 2.5% 1.9% - 2.4%
ODEP-unmatched implants — 5-year 2.2% 3.7% 3.5% 5.5% 3.2% 3.2% 4.1% 2.7%
ODEP-unmatched implants — 10-year - 7.1% 12.5% 4.8% 6.3% 5.6% -
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Supplementary Table 4: Implant demographics of TK-implants (tibial-femoral combination

AJRR AOANJRR EPRD FAR LROI NJR RIPO SIRIS

32 154 88 47 36 96 45 10

Unique type of implants used, n
aue typ P (400,870)  (697,265) (186,867) (223,009) (229,612) (1,076,263) (50,602) (76,411)

Match with ODEP, n (% of total unique implants) 2 (6) 20(13) 13 (15) 4(9) 3(8) 16 (17) 8 (18) 2 (20)
*_rating 1(50) 3(15) 7(54) - 1(33)  4(25) 3(38) 1(50)
A-rating - 8 (40) 6(46)  3(75) 1(33)  8(50) 3(38) 1(50)
B-rating - - - 1(25) - 2(13) - -
Lapsed, pre-entry or withdrawn rating 1(50) 9 (45) - - 1(33) 2(13) 2(25) -
Multiple ODEP-ratings, n (% of total unique implants) 22 (69) 69 (45) 48 (55) 14 (30) 24 (67) 34(35) 18 (40) 8 (80)
No ODEP-ratings, n (% of total unigue implants) 8(25) 65 (42) 27 (31) 29 (62) 9 (25) 46 (48) 19 {42) -
Total number of ODEP-matched implants used 24,131 57,339 31,208 14,099 3,997 103,112 10,255 12,876

Mean cumulative revision risk

ODEP-matched and ODEP-unmatched implants — 3-year 1.4% 3.0% 3.5% 4.1% 4.0% 2.0% - 4.4%

ODEP-matched and ODEP-unmatched implants — 5-year 1.8% 3.9% 3.6% 5.6% 5.3% 2.8% 3.6% 5.7%

ODEP-matched and ODEP-unmatched implants — 10-year - 5.7% - 9.4% 7.2% 4.5% A4.7% -

ODEP-matched implants — 3-year 1.5% 3.2% 4.2% 4.5% 3.7% 1.9% - 4.4%

ODEP-matched implants — 5-year 1.9% 4.3% 4.4% 5.8% 4.8% 2.6% 3.5% 5.6%

ODEP-matched implants — 10-year - 5.8% - 10.0% 6.3% 5.1% 5.5% -

ODEP-unmatched implants (no ODEP-rating and multiple ODEP-

) 1.4% 2.9% 3.4% 4.1% 4.0% 2.0% - 4.4%
ratings) — 3-year

ODEP-unmatched implants (no ODEP-rating and multiple ODEP-

) 1.8% 3.8% 3.5% 5.6% 5.3% 2.8% 3.6% 5.8%
ratings) — 5-year

ODEP-unmatched implants (no ODEP-rating and multiple ODEP-

- 5.7% - 9.4% 7.4% 4.4% 4.6% -

ratings) — 10-year

ODEP-unmatched implants (no ODEP-rating) — 3-year 1.6% 3.0% 3.6% 4.6% 4.3% 2.1% - -

ODEP-unmatched implants (no ODEP-rating) — 5-year 2.1% 4.0% 4.0% 6.5% 5.5% 3.0% 3.8% -

ODEP-unmatched implants (no ODEP-rating) — 10-year - 5.9% - 11.7% 8.0% 4.5% 5.2% -

ODEP-unmatched implants (multiple ODEP-ratings) — 3-year 1.3% 2.8% 3.2% 3.2% 3.9% 1.8% - 4.4%

ODEP-unmatched implants (multiple ODEP-ratings) — 5-year 1.7% 3.6% 3.3% 3.7% 5.2% 2.6% 3.4% 5.8%

ODEP-unmatched implants (multiple ODEP-ratings) — 10-year - 5.5% - 4.7% 7.1% 4.3% 4.1% -
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Supplementary Table 5: A*-rated cups reaching the A*-OPC based on pooled cumul;

3-year 5-year 10-year
ODEP-rating ODEP-rating ODEP-rating
Pooled
Pooled Pooled
revision Used Poole A*in oole Used Poole A*in oole Used Poole A*in
ODEP hame risk cups. i d regist revision risk cups.n d regist revision risk cuos n d regist
ps, gistry (95% C1) ps, gistry (95% C1) ps, gistry
(95% C1)
3.2% 3.4%
Allofit Allofit S 78,570 A 0/1 78570 A 0/1 - - - -
Alafit Allofit (3.10;3.30) / (3.20;3.60) 4
BIRMINGHAM HIP™ S 6% 1% 11.9%
RESURFACING . 26,435 A 1/3 ) 26,510 A 0/4 : 26,435 A 0/3
(2.08;3.01) f (3.55;5.61) / (8.56;15.33) /
DEVICE
Charnley and Elite 0.9% 1.3% 2.5%
9,806  A* 1/1 9,806  A* 1/1 9,806  A* 1/1
Plus Flanged (0.34;1.35) (0.39;2.19) (0.49;4.55)
Charnley and Elite 2.0% 3.2% 6.3%
18,968 A 1/2 18968 A 1/2 18968 A 1/2
Plus LPW (0.69;3.32) (1.18;5.20) (1.79;10.89)
Charnley/Elite Plus 1.2% 2.2% 4.2%
54,218 A* 1/3 54,218  A* 1/3 54218 A 1/3
Ogee (0.89;1.46) (1.33;2.97) (2.56;5.85)
) 3.4% 3.8% 6.7%
Continuum cup 62,397 A 3/5 70,922 A 417 20,195 A 0/2
(2.60;4.29) (2.99;4.66) (4.89;8.56)
2.4% 3.1%
Delta PF - - - - 429 A 0/1 429 A 0/1
(1.30;4.40) (1.80;5.40)
2.8% 2.4% 3.8%
Delta TT Acetabular 2,39 A 0/1 4230 A 1/3 502 A 0/1
(1.29;4.23) (1.19;3.62) (2.30;6.20)
2.4% 2.7% 5.1%
EP-FIT PLUS™ 13,560 A 1/4 18,001 A* 1/5 11,948 A 0/4
(1.40;3.39) (1.94;3.44) (4.25;5.91)
Exeter
Cont C L1% 93,872 A* 2/2 1.9% 93,872 A* 22 2.0% 93,872 A* 2/2
ontemporal u 1, - i
porary tup (0.71;1.40) (1.08;1.84) (2.07;2.00)
—Flanged
Exeter
Cont C L 31,773 A* 2/2 2.2% 31,773 A* 22 a1% 38442 A* 2/3
ontempaoral u " - '
porary tup (1.17;2.13) (1.66;2.70) (3.50;4.69)
—Hooded
Exet
cxe ter 2.0% 45,008 A 2/4 2.0% 79,804 A* 3/5 4.4% 643 A 0/1
ontemporary (1.02;3.02) : (0.84;3.25) - (2.70:6.10)
Rimfirx3
Fitmore C 2.7% 15151 A 0/4 3.2% 16,453 A 0/4 4.9% 8309 A 0/3
{ u ', B -
P (2.11;3.28) (2.61;3.75) (4.02;5.69)
Fixa Dupl 3.3% 5012 A 0/1 >-4% 5012 A 0/1
i uplex - - - - X X
W bup (2.57;4.11) (3.71;6.98)
Fixa Ti-Por -| 2.4% 13,390 A* 1/1 3.8% 11,476 A* 1/1
L. (1.79;3.01) . (3.10;4.57) .
3.4% 4.1%
HI LUBRICER™ 4106 A 0/1 4106 A 0/1 - - - -
(2.90;4.10) (3.30;5.10)
1.9% 2.5% 3.4%
IP Cup 12,470 A* 1/1 12,470 A* 11 12,470 A* 1/1
(1.70;2.20) (2.20;2.80) (2.90;3.80)
JUMP System Hax- 2.2% 1,497 A 0/1
ore Cup U314,
Pore Ci (-0.37;4.70) 7
) ) 2.2% 2.7%
Logical G-Series Cup 3,703 A 0/1 3,171 A 0/1 - - - -
(1.32;3.08) (1.73;3.71)
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sbinus, C 3.3% 2.4%
it SUp 349 A 0/1 . . . . 37,095  A® 111
UHMWPE (1.80;6.20) (2.20;2.60)
4.7% 24.7%
Lubinys Cup X- 4.0%
| (2.35;5.68) 1,419 A 0/2 (- 53,059 A 1/2 (21.10;28.2 653 A 0/1
biKed e 3.89;13.36) 0)
Marathon XLPE 1.1% 1.5% 1.8%
46,192 A* 2/4 46,192 A* 2/4 76,569  A* 2/2
Cemented Cup (0.81;1.42) (1.14;1.83) (1.11;2.48)
Maxera,C 1.3% 322 A* 1/1 1.3% 322 A* 1/1
I u - - - -
P 0.00:2.50) (0.00:2.50)
Original ME Muller 1.3% 1.6% 2.7%
) 14,261  A* 22 14,261  A* 2/2 14,261  A* 2/2
Low Profile (0.46;2.13) (0.75;2.54) (1.68;3.74)
Pinnacle
c tl 2.2% 28421 2 3.0% 28421 2 5.7% 20011 v
ementless (138:3.04) 1 (189;4.10) 1 (3.38:800) 9
Acetabular Cup
3.1% 2.9% 4.0%
Procatyl L 2,088 A 0/3 1,392 A 0/2 684 A 0/1
(1.97;4.14) / (1.44;4.38) / (2.40;5.50) /
REFLECTION™ All 1.5% 1.9% 2.8%
4,634  A* 1/1 4,634  A* 1/1 4,634  A* 1/1
Polyethylene XLPE (1.10;1.90) (1.40;2.30) (2.20;3.40)
2.3% 2.8% 4.6%
REFLECTION™ Shell 23,232 A* 1/4 22,419 A* 1/3 20,478 A 0/3
(1.84;2.69) (2.31;3.21) (3.92;5.17)
2.9% 3.6% 7.4%
RM Pressfit 5808 A 1/3 4,787 A 1/2 1,259 A 0/2
(1.46;4.29) / (2.19;5.03) / (5.94;8.93) /
2.1% 2.6% 5.0%
RM Pressfit vitamys 25,064 A* 2/3 25,064 A* 1/3 3277 A 0/1
‘ (1.70;2.53) / (2.13;3.08) / (3.10;6.90) /
Trabecular Metal™
Modular Acetabul 3.4% 12,542 A 2/6 3.6% 11,617 A 2/5 54% 7,161 A 1/4
odular Acetabular
(2.14;4.73) . (2.69;4.58) ' (4.06;6.76) ‘
Cup System
Trident Il cup,
i, CPTi, HA 3.9% 3.6% 6.0%
uncem, I, CRTL, HA 6329 A 0/1 7735 A 0/2 7395 A 0/2
coated, PSL or Hemi (1.82;5.94) (1.70;5.57) (2.68;9.24)
cluster hole
Trilogy, Trilogy AB 2.1% 2.7% 4.2%
BY. i 89,122 A* 2/6 90,369  A* 3/8 73282 A 2/6
and Trilogy IT (1.69;2.52) (2.23;3.11) (3.23;5.09)
. 1.4% 1.6%
Trinity Cup 13,274 A* 1/2 13,274 A* 2/2 - - - -
(0.87;1.90) (1.02;2.14)
itanjum Prima 2.8% 3.2% 4.5%
Teltanium v 10,986 A 1/3 10,530 A 2/3 9366 A 1/2
Acetabular Shell (1.32;4.25) (1.57;4.87) (1.60;7.32)
3.0% 3.7%
it CC Tri 23039 A 0/2 17333 A 0/2 - - - -
Versafit CC Trio (2.53:3.48) / (3.06:4.27) /
3.4% 4.2% 5.1%
ZCA 21,186 A 1/3 21,186 A 1/3 43,024 A 2/3
(0.84;5.97) (1.25;7.11) (0.72;9.47)
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3-year S-year 10-year
ODEP-rating ODEP-rating ODEP-rating
Pooled
. Used ) Pooled Used a Pooled Used a
revision Poole A*in L Pocle A*in L Poole A¥in
ODEP name . stems, . revision risk  stems, . revision risk  stems, .
risk d registry d registry d registry
(95% CI) n (95% CI) n
(95% CI)
2.5% 3.3% 4.8%
Accolade 55,048 A* 2/5 55,048 A 2/5 50,031 A 2/5
(1.94;2.99) (2.61;3.90) (3.48;6.19)
3.0% 3.3%
Accolade Il 72,999 A 3/6 66,331 A 2/6 - - - -
(2.16;3.81) (2.24;4.37)
Alloclassic 2.6% 3.3% 5.4%
38,018 A 1/3 38,018 A 0/3 29,263 A 0/2
Zweymuller SL stem (1.93;3.21) (2.48;4.16) (3.21;7.59)
2.2% 2.8% 4.8%
ANTHOLOGY™ 27,630 A* 3/5 27,630 A* 3/5 16,842 A 2/4
(1.79;2.56) (2.21;3.36) (3.58;5.97)
Bimetric 1.5%
- - - - - - - - 10,812 A* 1/1
Cementless (1.20;1.80)
BIRMINGHAM HIP™
RESURFACING 6% 26435 A 1/3 0% 26,510 A 0/4 11.9% 26,435 A 0/3
(2.08;3.01) . (3.55;5.61) . (8.56;15.33) .
DEVICE
C-Stem Total Hip 1.6% 2.2% 4.1%
16,989 A* 1/2 16,989 A* 1/2 16,989 A 1/2
System (0.64;2.64) (0.94;3.38) (1.96;6.16)
2.8% 3.6%
CBH 1,136 A 0/1 1,136 A 0/1 - - - -
(1.69;3.99) (2.32;4.78)
CLS St 33% 34,199 A 0/4 3% 37,232 A 0/5 6:5% 34639 A 1/5
Spatarng Stem , p X
(2.87;3.65) (2.86;4.18) (3.62;9.45)
Corail and Corail 2.8% 342,81 5.1% 342,26 9.6% 329,66
A 3/6 A 3/7 A 2/6
AMT (1.91;3.70) 7 (2.42;7.73) 8 (3.82;15.30) 5
. 3.3% 3.6%
Corail Cemented 28,363 A 0/1 28,363 A 0/1 - - - -
(3.10;3.60) (3.30;3.90)
CPCS— Collarless
Polished C ted 2.1% 14,388 A 1/2 20% 14,388 A 1/2 >.7% 10,450 A 0/1
olshed bemente (1.17;3.00) : (1.57;3.53) ’ (3.24;2.12) ’
Stem (CoCr)
1.8% 2.4% 5.0%
CPT Stem CoCr 68,132 A* 1/2 68,132 A* 22 58,740 A 1/3
(1.44;2.12) (2.05;2.72) (3.25;6.66)
Echo BiMetric, 3.7% 6132 A 1/2 a.2% 6132 A 1/2
cho 3 B - - - -
(2.51;4.91) (3.06;5.33)
ia hip system 2.1%
Sucig hip sy 542 A 0/1 - - - - - - - -
(Cemented) (1.10;4.00)
Excia hi t 6.0%
P system 389 A 0/1 - - - - - - - -
(Cementless) (3.90&9.10]
Exeter cemented 2.9% 3.9% 7.7%
41,926 A 2/4 41926 A 2/4 37,024 A 0/3
stem (2.16;3.69) (2.97;4.87) (5.92;9.54)
. 1.9% 2.2%
Furlong Evolution 4,702 A® 1/1 4,702 A= 1/1 - - - -
(1.54;2.38) (1.80;2.75)
4.2%
GTS Stem 1,428 A 0/1 - - - - - - - -
(3.20;5.50)
1.8%
H-Max S - - - - 696 A 1/1 - - - -
(0.90;3.40)
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2.2% 3.1% 4.8% 109,46
Lubinus SPII Stem 43,257 A* 1/3 43,257 A 0/3 ! A 1/3
(1.68;2.71) / (2.33;3.83) / (2.70;6.89) 7 /
M/L Taper Stem
e 2.9% 3.2%
with Kinectiv (1.93:3.78) 3155 A 0/2 (2.22:4.14) 3,155 A 0/2 - - - -
Technology B e
MiniHip 0% 2552 A 0/2 3% 1,052 A 0/1
(2.55;4.65) . (2.50;4.90) ’
2.1% 1.8% 3.0%
NANOS™ 3930 A 1/2 1,325  A* 12 307 A 0/1
(0.37;3.90) (0.79;2.71) (1.50;5.90)
Qptimys 1.8% 20,517  A* 3/3 20% 20,517 A* 3/3
i , 1 - - - -
(1.35;2.34) (1.49;2.51)
POLARSTEM™ 1.8% . 1.9% . 3.0%
51,159 A 6/6 53,335 A 6/7 27,100 A 1/2
Cementless (1.20;2.47) (1.33;2.44) (-0.08;6.09)
2.2% 2.2%
QUADRA C 4838  A* 1/3 3,873 A* 0/2 - - - -
(1.56;2.93) (1.40;2.96)
3.0% 3.6% 6.3%
juadra > ', 'y
Quadra H 31,105 A 0/3 25791 A 0/2 16,593 A 0/1
(2.60;3.46) (3.06;4.16) (5.05;7.55)
1.8% 2.8% 5.8%
SPECTRON EF 22,864 A* 3/3 22,364 A* 2/3 22,365 A 1/3
(1.48;2.17) (2.09;3.41) (3.35;8.24)
) 2.3%
SPS Evolution 594 A 0/1 - - - - - - - -
(1.30;3.90)
2.5% 3.1% 7.0%
SYNERGY™ 38,635 A* 2/5 309,172 A 3/6 28,981 A 0/5
(2.07;2.84) (2.51;3.75) (4.25;9.76)
Taperlag Hi 2.5% 3.4% 6.6%
' 79366 A* 35 81,300 A £V 41,305 A 25
System (2.14;2.93) (2.69;4.08) (4.22;2.87)
i (C ted) L1.5% 2,431 A 2/3 2.0% 1,294 A 1/2
emente . » - - - -
Lwingys (0.73;2.24) (0.33;3.58)
i 2.7% 3.1% 5.0%
bwinays 13,223 A 0/4 13,223 A 0/4 3277 A 0/1
(Cementless) (2.21;3.22) (2.56;3.66) (3.10;6.90)
i 3.6% 5.1%
Yersys Bibremetal - - - - 505 A 0/1 505 A 0/1
Taper Coat (FMT) (2.30;5.70) (3.40;7.50)
X-ACTA -Femoral 1.0% 1.0%
582 A* 1/1 582 A* 1/1 - - - -
Stem (0.40;2.40) (0.40;2.40)
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pplementary Table 7: A-rated cups reaching the A*-OPC based on pooled cumulative rev

3-year S-year 10-year
ODEP-rating QODEP-rating ODEP-rating
Pooled Pooled Pooled
. A*in . A*in . A*in
revision Used Poole ) revision Used Poole i revision Used Poole i
ODEP name registr registr registr
risk cups,n d risk cups,n d risk cups,n d
(e5% c1) Y (85% ¢I) v (85% c1) v
ADEPT® Hip
. 2.5% 3.8% 8.1%
Resurfacing 3,691 A 1/0 3,812 A 0/2 3,691 A 0/1
. (2.01;3.04) (1.98;5.68) (7.23;9.13)
Device
Allofit IT/Allofit-S 3.2% 3.6%
T s 7,713 A 0/2 7,713 A 0/2 - - - -
IT Alloclassic (2.38;3.95) (2.74;4.54)
X 3% 1,687 A 0/1
GREANE (2.30;4.30)
Avantage 3.5% 4.4%
SAniAEs. 1,705 A 0/2 1,008 A 0/1 - - - -
Cemented Cup (2.10;4.84) (2.78;5.98)
3.9% A4.7% 71%
BICON-PLUS™ 6,075 A 0/2 7,009 A 0/3 4621  A(0) 0/2
(3.02;4.69) (3.94;5.51) (5.98;8.22)
2.2% 2.1% 3.9%
CCB (Muller cup) 2,753 A 1/2 2,132 A 0/1 1,429 A 0/1
(1.01;3.29) (0.77;3.51) (2.30;5.50)
3.2% 4.8% 8%
Duraloc & Duralog : 10,389 A 1/4 : 9,305 A 1/3 (5.90;11.0 9,305 A(0) 0/3
Option (2.34;4.11) (3.36;6.15) )
Cementless
Acetabular Cup
Exceed ABT 1.5% 2.1%
1,188  A* 1/1 5,031  A* 2/5 - - - -
cemented (0.30;2.90) (1.17;2.99)
1.8% 1.8% 2.7% A*
Exceed ABT cup 45,661 A* 3/4 48,430 A* 5/5 34,942 3/4
(1.46;2.13) (1.35;2.30) (2.12;3.18) (3)
FIN Il Acetabular 2.5% 3.7% 5.6%
1,009 A 0/1 1,009 A 0/1 1,009 A 0/1
Cup| (1.70;3.70) (2.60;5.00) (4.20;7.40)
11.3%
1P X-LINKed 1.8% 2.7%
RRR 17,962 A* 1/2 20,753 A 2/3 (8.01;14.6 17,151 A 0/1
acetabular cup (0.89;2.66) (1.40;3.91) a2
Mpact 2.6% 6,836 A 0/1 2.2% 5671 A 0/1
ac , K - - - -
wpack (1.69;3.59) (0.42;5.91)
Original ME
. 2.2% 3.1% 3.5%
Muller Low Profile 7,563 A* 1/2 7,064 A 1/2 6,832 A* 1/1
(1.46;2.84) (1.80;4.35) (2.80;4.20)
Durasul Cup
Pinnacle Gription
2.9% 2.4%
Acetabular 19,077 A 1/2 33,524 A 2/3 - - - -
(1.27;4.60) (0.71;4.02)
System
Pl e 2.6% 4,701 A 0/1 2.7% 4,701  A* 1/1
asmacy , , - - - -
SAADACKE, (2.20;3.20) (2.30;3.30)
POLARCUP™ 1.1%
- - - - 912 A* 1/1 - - - -
Cemented (0.30;1.90)
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RM Classic 3.2% 3.8% 5.5%
2,706 A 0/2 2,706 A 0/2 1,169 A 0/1
bevelled (2.21;4.17) (2.73;4.82) (4.10;6.90)
Trident 1l
Tritani 2.7% 13,223 A 1/2 3.3% 11,427 A 0/2
ritanium, uncem, ” .
AN SRR (2.06;3.35) (2.66;4.02)

mod, cluster hole
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Supplementary Table 8: A-rated stems reaching the A*-OPC based on pooled cumulative re

3-year 5-year 10-year
ODEP-rating ODEP-rating ODEP-rating
Pooled Used . Pooled Used i Pooled Used i
. A Poole A*in . . Poole A*in . ) Poole A*in
ODEP name revision risk  stems, . revision risk  stems, ) revision risk  stems, .
d registry d registry d registry
(95% CI) n (95% CI) n (95% Cl1) n
ADEPT® Hip 2.5% 3.8% 8.1%
. . 3,691 A 0/1 3,812 A 0/2 3,691 A 0/1
Resurfacing Device (2.01;3.04) (1.98;5.68) (7.23;9.13)
A HAP 6% 15,508 A 1/4 3.3% 14,474 A 1/4
AMIGtem, (1.78;3.34) . (2.17;4.36) '
A 5% 7,487 A 0/1 a4.2% 7,487 A 0/1
anta (1.53;3.56) ! (2.76;5.69) !
Avenir Cemented 2.1% 1.5%
. 2,798 A 1/3 1,188 A* 2/2 - - - -
Hip Stem (0.97;3.19) (0.39;2.59)
1.8% 1.8%
Avenir Muller 2,882 A* 1/1 2,882 A* 1/1 - - - -
(1.29;2.32) (1.29;2.32)
C-Stem AMT Total 1.4% 1.9% 3.0%
) 42,745  A* 1/3 42,338 A* 1/2 41,776 A* 1/2
Hip System (0.98;1.88) (1.24;2.57) (1.97;4.12)
2.8% 3.0% 4.1%
C.F.P. 1,029 A 0/1 1,432 A 0/2 403 A 0/1
(1.90;4.10) (1.61;4.35) (2.50;6.80)
CCA (Miller straight 2.3% 2.8% 3.1%
6,447 A 1/3 6,447 A 1/3 5,268 A* 1/2
stem) (0.61;4.08) (0.79;4.85) (1.94;4.27)
1.2% 1.6%
Charnley Modular 255 A* 1/1 255 A* 1/1 - - - -
(0.00;2.60) (0.00;3.20)
Corail Cemented 3.0% 1.7%
. 1,651 A 1/2 915 A* 1/1 - - - -
Total Hip System (0.32;5.60) (1.00;2.70)
1.8% 2.3%
Evalve 1,580 A* 1/1 1,580 A 1/1 - - - -
(1.20;2.60) (1.40;3.50)
Exception 4.6%
993 A 0/1 - - - - - - - -
cementless (3.10;6.70)
Excla T 36% 3,764 A 0/1
(3.00;4.30) Y
Fitmare St 2.9% 25771 A 0/3 33% 257711 A 0/3
i em , 3 - - - -
(2.41;3.40) (2.76;3.81)
2.7% 4.3%
Hydra - - - - 4,003 A* 1/1 4003 A o/1
(2.20;3.40) (3.30;5.50)
) 3.4%
LCU HX hip stem 1,827 A 0/1 - - - - - - - -
(2.30;5.00)
2.5% 3.2% 6.1%
M/L Taper 49,047 A 2/6 48,175 A 2/6 11,702 A 0/2
(2.00;3.00) (2.68;3.78) (4.22;8.03)
Metafix Hip Syst 2% 6,277 A* 1/1 1A% 6,277 A* 1/1
ip System , 3 - - - -
Py (0.97;1.56) (1.13;1.84)
3.3% 3.6%
Metha Hi 5,213 A 0/1 5,213 A 071 - - - -
P (2.80;3.90) / (3.10;4.30) /
2.7% 3.4%
Modulus - - - - 931 A 0/1 931 A* 1/1
(1.45;3.94) (2.08:4.79)
Novation Element 0.8% 1.3%
2,154 Ly 11 2,154 A 1/1 - - - -
Stem (0.04;1.51) (0.45;2.22)
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= 3.1% 3.1%
Origin 1,591 A 0/1 1,591 A 0/1 - - - -
(2.30;4.20) (2.30;4.20)
POLARSTEM™ 3.6%
1,740 A 0/1 - - - - - - - -
Cemented (2.80;4.70)
PROFEMUR®
GLADIATOR® Plasma 2.0% 369 A 0/1 - - - - - - - -
i (2.80;8.70)
Classic
PROFEMUR® Z-GB
Modular Titani 6.2% 421 A 0/1 8.3% 421 A 01
ocutar Titanium (4.30;9.00) (6.00;11.50)
modular neck
3.5% 5.6%
Recta-Fix stem - - - -| 4,497 A 0/1 4,497 A 0/1
(2.59;4.35) (3.73;7.45)
S-Rom Modular 3.0% 3.7% 5.5%
7,757 A 0/1 7,757 A 0/1 4,154 A 0/1
Stem (1.96;3.96) (2.67;4.66) (4.19;6.88)
2.7% 3.7% 5.9%
SL-PLUS™ 5,448 A 0/1 9,132 A 0/2 8,674 A 0/2
(2.28:3.16) (3.05;4.33) (4.96:6.73)
Standard C hi 1.8%
) Semhip 426 A 0/1 - - - - - - - -
prosthesis stem (0.80;4.00)
Summit Tapered Hip 4.6% 7.9% 16.7%
48863 A 1/3 49397 A 1/4 18,631 A 1/3
System (2.51;6.74) (3.24;12.50) (4.22;29.26)
Summit Tapered Hip 1.8% 2.7%
1614  A* /1 1614 A 0/1 - - - -
System (cemented) (1.24;2.63) (1.64;4.10)
SYNTHESIS Femoral 3.6%
- - - - 617 A 0/1 - - - -
Stem (2.00:6.20)
TaperFit 1.8% 8,172 A* 1/2 24% 8,172 A 1/2
(0.73;2.92) ! (0.53;4.25) !
Hi 2.7%
Taperlog Hip 734 A o . . . . . . . .
Cemented CoCr (1.60;4.40)
1.5% 1.5%
icropl 8,425 A* 212 8,425 A* 2/2 - - - -
Laperos Microplasty (0.82;2.08) / (0.84;2.12) /
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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** 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*?, 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.0.)(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**

IMDRF code IMDRF description of medical device problem
AO1 - 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).

AO03 — 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.

AO05 — 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.

AO7 — Electrical /Electronic Property
Problem

Problem associated with the function of the electrical circuitry of the device.

AO08 — 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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Al13 -
Transmission Problem

Communication or

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.

Al1l5 - 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.)

Al8 -
/Decontamination Problem

Contamination

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 - Interface

Problem

Human-Device

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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. An adverse event (e.g. patient harm) appears to have occurred, but there
A24 — Adverse Event Without

. . does not appear to have been a problem with the device or the way it was
Identified Device or Use Problem

used.

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
A25 — No Apparent Adverse Event . ) . . .
administration purposes, even if it doesn't meet the requirements for

adverse event reporting.

. ) An adverse event appears to have occurred but there is not yet enough
A26 — Insufficient Information . . . . .
information available to classify the device problem.

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
A27 — Appropriate Term/Code Not

Availabl term should be documented when submitting an adverse event report. This
vailable

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 (Cl), were extracted. In case only the 95%ClI
was provided, the SE was calculated by subtracting the upper- and lower-95%Cl 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 PMStool

. Safety notices Safety notices on
Country Last update date Safety notices (n) .
selected (n) TK-implants (n)

Australia

31/05/2023 7,208 53 29
(SARA)
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 31/03/2023 3,830 35 12
Netherlands ’
The USA
(Medical
. 01/04/2023 48,762 803 540

Device Recall
Database)
Total amount 104,638 1,327 787

=

E Safety notices 1dentified using the CORE-MD PMS toel (n=104,6338)

=

3 | Exclusion, data filtering (n=103,388) |

— v

Safety notices assessed (n=1,327)

E=xclusion, not related to 2 TK-implant (n=540)
- Anaesthetic device (n=43)

- Arthrodesiz (n=1)

- Cardiac device (n=2)

- Hip arthroplasty (n=43)

- Ophthalmology device (n=24)

- Radiology software (n=1)

- Spinal device (n=1T)

- Surgical kit (n=318)

- Surgical protocol (n=8)

- Unicompartimental kmee arthroplasty (n=79)
- Insufficient information (n=2)

Screening

¥

h 4

Safety notices related to TK-implants (n=T37)

[ Inclusion ] [

Figure 1: Flowchart showing the selection process of TK-implants with safety notices
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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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ier TK-implants currently used on the market

Identified by the

Number of implants implanted

Outlier TK-FmpIant Outlier Reported (n) CORE-MD PMS tool
n
(Number of SNs)
ACS AOANIRR, NJR 2,900 No
Active Knee AOANJRR 7,215 Yes (n=1)
Advance AOANJRR 1,009 Yes (n=12)
. Unknown
AGC Anatomic AOANJRR, SKAR Yes (n=7)
(AOANIRR: 203)
Apex Knee AOANIRR 513 No
Attune AOANJRR 854 Yes (n=30)
Columbus AOANIRR 6,334 Yes (n=2)
Duracon SKAR Unknown Yes (n=6)
i Unknown
E.Motion AOQANIRR, NJR, SIRIS No
(AOANJRR: 1,014, NJR: 339)
Endo-Model NJR 309 Yes (n=16)
Gemini AOANJRR 21 Yes (n=2)
X Unknown
Genesis AOANIRR, NJR, SKAR Yes (n=38)
(AOANIRR: 826 and NJR: 9,190)
Unknown
Journey AOANIRR, NJR, SIRIS, SKAR Yes (n=14)

(AOANIRR: 3,033, NJR: 1,714)

Kinemax, SKAR Unknown Yes (n=1)
LCS AOANJRR, NJR 5,729 Yes (n=41)
. Unknown
Legion AOANJRR, SKAR Yes (n=31)
(ADANJRR: 1,017)
Maxim AOANJRR 413 No
METS Smiles NJR 954 Yes (n=1)
Miller-Galante SKAR Unknown No
Mutars AOANJRR 357 Yes (n=2)
N AOANJRR, SKAR Unknown Yes (n=243)
exgen es(n=
SEXBEN g (ADANJRR: 2,110)
Noiles, NJR 594 Yes (n=11)
Optetrak. AOANJRR, NJR 4,008 Yes (n=51)
Origin NJR Unknown No
Persona SKAR Unknown Yes (n=40)
i Unknown
PFC Sigma AOANJRR, SKAR Yes (n=30)
(AOANJRR: 316)
Physica, SIRIS Unknown Yes (n=2)
. Unknown
Profix AOANJRR, SKAR No
AT (ADANJRR: 1,895)
Rotaglide Plus AOANJRR 631 No
Scaore AOANJRR 4,686 Yes (n=2)
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Scorpio AOANJRR 1,172 Yes (n=35)

TC-plus AOANJRR 63 Yes (n=1)

Trekking AOANJIRR 1,263 No

Triathlon SKAR Unknown Yes (n=52)
Unknown

Vanguard AOANJRR, SKAR Yes (n=57)
(ADANJRR: 6,225)

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).

TK-implants Outlier TK-
with SNs implants
26
12 9

Figure 3: Overlap in SNs and registries signaling the same TK-implants

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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Table 4: TK_implants brand names with at least one SN

Date first safety Date first identified as Cumulative revision (95% Cl)
Implant name " Identified as outlier outlier and registry
notice
reporting the outlier 1-year S-year 10-year
Active knee 21 October 2016 Yes 2016 (AOANIRR) 1.1 (0.9;1.4)* 5.0 (4.6;5.6)* 8.8 (8.1;9.5)*
Advance 11 July 2016 Yes 2013 (AOANJRR) 2.0 (1.3;3.1)* 6.4 (5.0;8.2) 8.1(6.4;10.2)*
AGC Anatomic 21 July 2015 Yes 2014 (SKAR) - - -
Attune 29 June 2015 Yes 2023 (AOANJRR) 1.8 (1.0;3.0)¥ - -
Balansys, 29 January 2014 No - 0.9(0,5;1.2)%1 | 3.1(2.3;3.9)7%7 | 5.1 (2.2;8.1)*
Columbus 17 January 2008 Yes 2009 (AOANJRR) 1.2 (0.9;1.5)* 4.4 (3.7;5.3)* 7.3 (6.0;8.8)*
20 September
Duracon Yes 2004 (SKAR) - - -
Duracon 2007
EFK 15 April 2014 No - 0.6 (0.1;1.2)7 1.7 (0.5;3.0)7 -
Endo-Model 16 April 2012 Yes 2019 (NIR) 1.3 (0.8;2.2)" 4.8 (3.7;6.3)" 7.0(5.3;9.2)"
Evolution 17 February 2015 No - 0.7 (0.3;1.2)% | 2.8 (2.1;3.5)*"
. 23.8 23.8
Gemini 7 September 2010 Yes 2007 (ADANJRR) 9.5 (2.5;33.0)* v M
(10.7;48.1) (10.7;48.1)
. 2004 (AOANJRR), 2018 . . .
Genesis 9 May 2006 Yes 1.0 (0.7;1.3)* 3.6 (3.2;4.1)* 5.6 (4.8;6.3)*
(SKAR), 2021 (NJR)
GMK Sphere 3 July 2017 No - 1.1 (0.9;1.4)¥%57 | 3.7 (2.9;4.5)"% | 4.3 (2.4;6.1)¥
Innex 25 July 2005 No - 0.9 (0.5;1.3)%" | 2.8(2.0;3.6)™%" | 3.5 (2.4;4.6)"
iTotal 23 July 2012 No - 0.4 (0.2;0.9)% 3.5 (2.5;5.0)% -
2009 (AOANIRR), 2018
Journey 3 January 2014 Yes (SKAR), 2022 (SIRIS), 2020 1.6 (0.1;3.1)*% | 6.3 (1.8;10.8)¥% | 11.0(9.9;12.2)¥
(NIR)
Kinemax 14 May 2015 Yes 2006 (SKAR) - - -
K-mod 19 May 2021 No - - - -
2012 (AOANJRR), 2021 . . .
LCS 2 December 2005 Yes (NIR) 0.9 (0.2;1.6)* 5.6 (1.8;9.5)* 7.7 (2.5;12.8)*
) 2017 (ADANJRR), 2019
Legion 22 Augustus 2009 Yes (SKAR) 3.3 (2.3;4.6)* 6.3 (4.8;8.3)* 9.9 (7.5;13.0)*
METS Smiles 17 Augustus 2016 Yes 2021 (NJR) - - -
31 December . .
MRK No - 0.3 (0.0;0.6)*" 1.8 (1.2;2.3)%" 3.1 (1.6;4.6)¥
2021
Multigen, 12 May 2021 No - - - -
Mutars 3 April 2013 Yes 2023 (AOANJRR) 6.5 (4.2;9.9)* - -
Natural-knee 7 November 2019 No - 0.4 (0.2;0.7¥" | 1.7 (1.2;2.1)*7 | 3.2 (2.4;3.9)¥
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N 13 September v 2018 (AOANJRR), 2002 2.4(1.9;3.2)* 5.0 (4.2:6.1)* 6.9 (5.1:9.2)¢
exgen es 4 (1.9;3. . .2;6. . ;9.
NEXEED 2004 (SKAR) ! ! !
Noiles 2 March 2014 Yes 2018 (NJR) - - -
Optetrak 1 June 2006 Yes 2007 (AOANIRR) 1.0 {0.0;2.1)* 10.3 (4.1;16.4)* | 13.7 (7.0;20.4)*
21 November
Persona Yes 2021 (SKAR) - - -
2012
. 2018 (AOANJRR), 2013
PFC Sigma 2 December 2005 Yes (SKAR) 2.2 (1.1;4.6)* 7.1 (4.7;10.5)* | 7.4 (5.0;10.9)*
Physica 18 April 2019 Yes 2019 (SIRIS) 1.7 (1.3;2.3)% 6.8 (5.9;7.9)° -
Saiph 25 March 2022 No - 0,6(0,3;1,0)" 1,4 (0,9;2,0) -
Score 4 October 2019 Yes 2013 (AOANIRR) 1.5(0.8;2.2)* 6.5 (5.5;7.6)* 11.1(9.3;12.8)*
Scorpio 26 August 2005 Yes 2014 (AOANIRR) 1.2 (0.7;2.0)* 6.1 (4.9;7.7)* 7.4 (6.0;9.2)%
TC-plus 10 June 2008 Yes 2008 (AOANJRR) 1.6(0.2;10.7)¢ | 8.4 (3.6;19.1)* | 14.4 (7.4;26.9)*
Triathlon 7 February 2007 Yes 2021 (SKAR) - - -
30 September
Unity P No - 0.4 (-0.1;0.9)¥7 | 1.5 (0.7;2.3)™7 -
2021
2012 (AOANJRR), 2013
Vanguard 17 October 2016 Yes (SKAR) 1.9 (1.2;2.6)* 5.9 (4.7;7.1)* 8.2 (6.8;9.5)*
*= based on revision risks as reported by the AOANIRR; *= based on revision risks as reported by the NJR; ™= based on revision risks as reported by the R.I.P.O.; "=
based on revision risks as reported by the LROI; = based on revision risks as reported by the SIRIS; 7= based on revision risks as reported by the EPRD; "= based on
revision risks as reported by the AJRR.

Table 5: Overlap of TK-implants in the “both” group based on fixation, mobility, and stability

Active knee

Advance

AGC Anatomic
Attune
Columbus

Duracon

Endo-Model
Gemini
Genesis

Journey

Kinemax,

Legion

METS Smiles

Fixation Stability Mobility
Implant Cruciate Posterior
Cemented Uncemented . Hinged . Fixed Maobile Rotating
name retaining stabilised
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Mutars

Noiles

Optetrak

Persona

PFC Sigma

Physica

Scorpio

TC-plus

Triathlon

Vanguard

White: TK-implants without any information reported in the safety notice (SN) on specific fixation/stability/mobility methods. Green: TK-implants with
information in the SN about its’ fixation, stability, or mobility, thus overlapping with an outlier implant based on its’ implant characteristic
(fixation/stability/mobility). Red: TK-implants with information in the SN about its’ fixation, stability, or mobility method but without overlapping with an

outlier implant based on its’ implant characteristics (fixation/stability/mobility).

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)

A2 (43%)
AO4 (8%)
AO5 (6%)
A09 (1%)
A17 (8%)
A18 (1%)
A20 (0%)
A21 (10%)
A23 (16%)
A24 (5%)
A26 (3%)

AO1 (7%)
AO2 (44%)
A4 (12%)
A18 (2%)
A21 (19%)
A23 (10%)
A24 (2%)
A26 (5%)

i
N

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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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 itin 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).

Aszeszing rtems on its' importance, suggesting
relevant new items and creating an mdividual set of
minimal required items

F

Creating consensus on a minimum set of required
items

:

Fanking of items on which consensus was reached

=

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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Items concerning quality of registry data Items concerning analysis of medical device performances

1. Methods for handling missing data described (e.g. missing procedures will
1. Initial motivation/goal to set up the registry be sent every 3 months to each hospital department and request for data
entry/missing data is considered as missing completely at random)

N}

2. Design (e.g. regional/national /multi-country) . Time period in which devices were implanted

w

. Minimum number of patients/procedures at risk required for analysis of

w

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

4. Minimum number of hospitals in which the device is used required for
4. Mandatory (mandatery for surgeons/hospitals to submit data to the registry; yes/no)
analysis of performance

5. Patients’ consent (patients’ consent required before entering their data to the registry; required/not 5. Minimum number of surgeons using the device required for analysis of
required) performance
6. Funding (public/private/both) 6. Minimum follow-up duration required for analysis of performance

~

. Approach to gnalyse performance (e.g. assessing superiority/non
7. Who can access the data and see results? (e.g. public access/only to members) inferiority in a relative benchmark/using an absolute benchmark defined

by objective performance criteria)

8. Privacy regulation for patients’ identifiable information (privacy regulation reported as 8. Adequate analysis to adjust for confounding (by indication) (e.g.
implemented: yes/no? And if yes: how?) propensity scores)

9. Data capture and collection method (e.g. electronic/manual/barcodes-industry/surgeon-reported) 9. Definition of outcome analysed

10. Method of access to registry for users/members (e.g. dashboard/real-time/secure server) 10. Definition of outlier performance

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

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

vigilance data/national competent authority on medical devices)

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

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

15. Completeness of procedures: number of procedures captured in registries relative to total number of

procedures (%)

16. Coverage: number of participating hospitals relative to the total number of eligible hospitals (%)

17. Registry collects Unique Device Identifier (UDI)

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 270 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.

Items concerning quality of registry data Items concerning analysis of medical device performances

1. Methods for handling missing data described (e.g. missing procedures
1. Design | . nati multi try) will be sent every 3 months to each hospital department and request
. 'esign (e.g. regional/national/ muliti-countr
& 8- 1e8 Y for data entry/missing data is considered as missing completely at

random)

2. Mandatory (mandatory for surgeons/hospitals to submit data to the registry; yes/no) 2. Time period in which devices were implanted

. . . . 3. Minimum number of patients/procedures at risk required for analysis
3. Reporting how patient consent is managed and for which purposes
of performance

4. Funding (e.g. public/private/both) 4. Minimum follow-up duration required for analysis of performance

5. Approach to analyse performance (e.g. assessing superiority/non-
5. Reporting on procedures how to apply for data, who can access and use the data inferiority in a relative benchmark/using an absolute benchmark

defined by objective performance criteria)

6. Privacy regulation for patients’ identifiable information (privacy regulation reported as implemented: | 6. Adequate analysis to adjust for confounding (by indication) (e.s.

yes/no? And if yes: how?) propensity scores)
7. Data capture and collection method (e.g. electronic/manual/barcodes-industry/surgeon-reported) 7. Definition of outcome gnalysed
8. Level of information provided (e.g. data is reported at hospital-/medical device-/surgeon-level) 8. Definition of outlier performance
9. Data linkage with other sources (e.g. registry data is linked to hospital statistics/manufacturer

vigilance data/national competent authority on medical devices)

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

11. Reporting missing data for all patients’ characteristics in registry (%) (e.g.
age/gender/BMI/ASA classification)

12. Completeness of procedures: number of procedures captured in registries relative to total
number of procedures (%)

13. Coverage: number of participating hospitals relative to the total number of eligible hospitals (%)

14. Collecting Unique Device Identifier (UDI)

15. Reporting on patient inclusion/exclusion criteria (i.e. patient selection)

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
guestion 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
guestion”, 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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Guidance
principle
Domain mmz"“mﬁ FIeguitory, Data governance Data quality Data analysis
Outcomes indicating safety and Mandatory Completeness of Definition of outcome
performance at specific time points procedures analysed
Reporting on procedures
Collecting Unique Device Identifier how to apply for data, who  Reporting missing data for Minimum number of
(UDI1) can access and use the  all patients’ characteristics in  patients/procedures at risk
: . ; :
ST R data registry (%) required for analysis of
performance
Reporting on patient Repompg how patient Quality assurance system
) - ; S consent is managed and defined/quality check Approach to analyse
inclusion/exclusion criteria for which purposes of data performance
Level of information provided Funding Data capture and collection  Minimum follow-up duration
Design method required for analysis of
Hem Privacy regulation for performance
patients’ identifiable Data linkage with other
information sources Adequate analysis to adjust
for confounding (by
indication)

Methods for handling
missing data described

Definition
of outlier performance

Time period in which
devices were implanted

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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Delphi round two
Delphi round one (survey one) Delphi round three (survey two)
(consensus-round)
Experts Participants | Response Experts Participants | Response Experts Participants | Response
invited (n) | (n) rate (%) invited (n) | (n) rate (%) invited (n) (n) rate (%)
Healthcare professionals | 28 17 60.7 17 9 529 17 14 82.4
Methodological experts | 19 9 47.4 9 5 55.6 9 9 100
Registry experts 24 10 41.7 10 6 60.0 10 8 80.0
Regulators and notified
30 15 50.0 15 10 66.7 15 7 16.7
body representatives

Supplementary Table 1: Participants and response rates for each Delphi round

Items with consensus in round 1

Completeness of procedures (15)

Level of information provided (11)

Quality assurance system defined/quality check of data (13)
Coverage (hospitals) (16)

Design (2)

Data capture and collection method (9)

Data linkage with other sources (12)

Mandatory (4)

Privacy regulation for patients’ identifiable information (8)

Registry collects Unique Device Identifier (17)
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Remaining items needed to discuss in round 2

Patients’ consent (5)

Initial motivation/goal to set up the registry (1)
Method of access to registry for users/member (10)
Starting year (3)

Who can access the data and see results? (7)

Funding (6)

Missing data for patients’ characteristics reported (14)
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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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Items with consensus in round 1

Methods for handling missing data described (1)
Minimum number of patients/procedures at risk (3)
Definition of outlier performance (10)

Adequate analysis to adjust for confounding (8)
Minimum follow-up duration (6)

Approach to analyse performance (7)

Time period in which devices were implanted (2)

Definition of outcome analysed (9)

o

10 20 30 40 50 60 70 80 S0 1

o

0

®Required ™ Not required

Remaining items needed to discuss in round 2

Minimum number of hospitals in which the device is used (4) I
Minimum number of surgeons using the device (5) /e —

0 10 20 30 40 50 60 70 80 90 1

o

0

® Required ™ Not required

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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Reporting missing data for all patients’ characteristics in registry Funding Reporting how patient consent is managed and for which
P

urposes

)

= Required  » Not required

= Required = Not requircd * Required = Not required

Clearly defined patient inclusion/exclusion criteria Reporting on procedures bow to apply for data, who can access

and use the data

Initial motivation/geal to set up the registry

* Required  * Not roquired * Required = Not required = Roquired  » Not required

Starting year Collecting important confounders/risk factors/esposures, with How validation of the standard is achicved is stated

potential impact on sutcome been identified and recorded

= Roquired = Not requircd = Required = Not required = Roquired = Not required

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

Minimum number of hospitals in which the device is used
required for analysis of performance

>

Minimum number of surgeons using the device required for
analysis of performance

>

Methods to control for bias are reported

= Required = Not required = Required = Not required = Required = Not required

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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Completeness of procedures

Reporting missing data for all patients’ characteristics in registry (%)
Coverage (hospitals)

Quality assurance system defined/quality check of data

Mandatory
Callecting Unique Device Identifier (UDI) :
Reporting on patient inclusion/exclusion criteria

Design
Data capture and collection method

Reporting on procedures how to apply for data, who can access and use the data

|
1
Level of information provided
Data linkage with other sources
Funding e
Reporting how patient consent is managed and for which purposes
I

Privacy regulation for patients’ identifiable information

o

.1 .
Relative weight
Supplementary Figure 3A: Ranking of importance of selected items in the minimum dataset — items
related to quality of registry data

Definition of outcome analysed
Minimum number of patients/procedures at risk required for analysis of performance
Approach to analyse performance

Minimum follow-up duration required for analysis of performance

Time period in which devices were implanted

Methods for handling missing data described

|
— /000000000
Adequate analysis to adjust for confounding (by indication) I
|
|

Definition of outlier performance

1 2
Relative weight

=]

Supplementary Figure 3B: Ranking of importance of selected items in the minimum dataset — items
related to quality of analysis
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CORE-MD, Coordinating Research and Evidence for Medical Devices, aims to
translate expert scientific and clinical evidence on study designs for evaluating
high-risk medical devices into advice for EU regulators.

For more information, visit: www.core-md.eu
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