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Chapter 2 - 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
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Abstract

Background: The European Union Medical Device Regulation (MDR) requires
manufacturers to undertake post-market clinical follow-up (PMCF) to assess the
safety and performance of their devices following approval and Conformité
Européenne (CE) marking. The quality and reliability of device registries for this
Regulation have not been reported. As part of the Coordinating Research and
Evidence for Medical Devices (CORE-MD) project, we identified and reviewed
European cardiovascular and orthopedic registries to assess their structures,
methods, and suitability as data sources for regulatory purposes.

Methods: Regional, national and multi-country European cardiovascular (coronary
stents and valve repair/replacement) and orthopedic (hip/knee prostheses)
registries were identified using a systematic literature search. 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.

Results: Of the 20 cardiovascular and 26 orthopedic registries fulfilling eligibility
criteria, a median of 33% (IQR: 14%-71%) items for cardiovascular and 60% (IQR:
28%-100%) items for orthopedic registries were reported, with large variation
across domains. For instance, no cardiovascular and 16 (62%) orthopedic registries
reported patient/procedure-level completeness. No cardiovascular and 5 (19%)
orthopedic registries reported outlier performances of devices, but each with a
different outlier definition. There was large heterogeneity in reporting on items,
outcomes, definitions of outcomes, and follow-up durations.

Conclusion: European cardiovascular and orthopedic device registries could
improve their potential as data sources for regulatory purposes by reaching
consensus on standardised reporting of structural and methodological
characteristics to judge the quality of the evidence as well as outcomes.
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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 orthopedic 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 (e.g. international, national, regional, and health
system).”! 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,* 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 (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” (Annex III, clause 1.1(a)).5 Real-world data collected by medical
device registries are particularly useful as they enable continuous benchmarking
across longer follow-up in many more patients than enrolled in clinical trials.6-10

The utility of medical device registries organised 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.!? 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* For cardiovascular diseases, device
registries 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.1516

27



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 (i.e. extent of participation in data collection),
completeness (i.e. data used in analyses are consistently captured), accuracy (i.e.
data recorded is an accurate reflection of the healthcare event), consistency (i.e.
uniformity in following the same procedures for data capture), integrity (i.e.
consistent recording of unique identification of medical devices), and reliability (i.e.
reproducibility of data elements).! 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: i) identify current
European cardiovascular and orthopedic medical device registries, and ii) 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,!” 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!8
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 - available online) 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)?® 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 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
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safety and performance. Secondly, we also included European registries capturing
data on hip and/or knee prostheses since they are the most common orthopedic
high-risk devices. By applying these criteria and by excluding multicentre studies,
we complied with the IMDRF definition of a registry,! 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) centres. 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 orthopedic field). For orthopedic registries, we also
checked the list on the EFORT —Network of Orthopedic 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,?® LAH and PJMvdM developed a list of items that could be used
to assess registries’ structures and methodological characteristics, reflecting the
previously mentioned principlest 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 orthopedic (n=6) fields, for feedback and
suggestions of relevant additional items. Consensus was reached on a total of 33
quality items covering six domains: i) Identification (six items) to understand which
population the registry intends to describe; ii) Maturity (three items) to
contextualise the numbers of procedures and extent to which longer-term outcomes
may already be captured; iii) Governance (five items) to enable assessment of the
integrity of data; iv) Coverage, design & organisation (eight items) to reflect the
aforementioned principles of coverage and consistency; v) Data quality &
completeness (four items) to reflect the aforementioned principles of completeness
and accuracy, and vi) Safety & performance (seven 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 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
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estimates, and iii) reported outcomes, including definitions and durations of follow-
up.

P 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
orthopedic registries. Analyses were performed using Microsoft Excel (Excel version
2012, Microsoft, Redmond, the USA).

Results

Literature search

The searches identified 4,538 cardiovascular and 4,485 orthopedic publications, of
which 1,727 cardiovascular and 1,360 orthopedic publications remained after
removing duplicates. Title and abstract screening identified a total of 81
cardiovascular and 27 orthopedic registries, mentioned in publications from January
2013 to July 2021 (Figure 1). Twelve cardiovascular registries were excluded
because they focused on other cardiovascular devices (e.g. pacemakers) (n=11) or
no devices (n=1) and a further 51 cardiovascular and 7 orthopedic registries were
excluded during full-text screening, mostly because of reporting on a single or
multicentre study, or due to registry mergers (Figure 1). Manual search identified
two additional cardiovascular?!2?> and six orthopedic registries,*7.51.5357.60.66 that did
not publish any peer-reviewed papers and therefore were not found in the literature
search. Thus, a total of 20 cardiovascular?!-4° and 26 orthopedic registries*!-¢¢ were
selected for data extraction.

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
orthopedic 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
orthopedic 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 orthopedic 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,?!-
26,28-48,51,53,5456-66 with only three (7%) regional registries?7.5255 and two (4%) multi-
country registries#?50 (Table S1A and S1B, Supplementary Files 2 and 3 - online
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available). The first cardiovascular registry was founded in 197823 and the two most
recent in 2013,3537 while the first orthopedic registry was established in 197565 and
the most recent in 2019.53 Initial motivations to set up a registry were mostly
reported (by 60% of cardiovascular?!23.25-27.29.3335-373940 and 92% of orthopedic
registries#2-4446-66) and often involved ensuring patients’ safety. More orthopedic
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 1). 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 orthopedic registries (Figure 3).

Domains “Governance” and “Coverage, Design & Organisation”

Mandatory enrolment of eligible patients was implemented in 8 (40%)
cardiovascular222427.29,30,37,39,40 and 12 (46%) orthopedic
registries*2434648505155565960,62.64 (Table S2A and S2B - online available). Few
cardiovascular?12427.2935-373940  and  orthopedic#?-4446535461-6365 registries have
reported on their funding and few report on the patient informed consent
proCeSSZ4,25,27,29,31,33-37,39,40,42,44,46,48,50, 54,60,63,64 (Table S3A and S3B - online available).
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 orthopedic registries (Table S4A and S4B - online available). The proportion of
all eligible hospitals that participated in the registry (i.e. hospital-level coverage)
was only reported by six (30%) cardiovascular registries,?426-283134 with a median
hospital-level coverage of 100% (IQR 98%-100%) and by nine (35%) orthopedic
registries,*4-46:485254606465 g]lso with a median hospital-level coverage of 100% (IQR
95%-100%) (Table S4A and S4B - online available).

In general, cardiovascular registries report on studies for which selected
patient groups are included, so data on the total number of patients receiving an
implant were reported by only four (20%) registries.?1.252934 The median for stents
was 12,395 (IQR 3,985-201,647) and the median for valves was 2,325 (IQR 861-
10,479) (Table S4A and S4B - online available). Given the regular publication of
annual reports, the total and annual volume of implant procedures in orthopedic
registries was mostly reported; details were on both items was not available for
seven (27%) registries.#1:4547.49,535461 Qverall, orthopedic 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 - online available). Data linkage
with other sources—mostly national clinical databases—was reported by 8 (40%)

cardiovascular?12427.2934363739  and 14 (54%) orthopedic registries.4244-
46,48,50,52,54,55,60,62-65
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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 orthopedic 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 - online
available).

Domain “Data quality & completeness”

None of the cardiovascular registries reported patient/procedure-level data
completeness (Table S6A and S6B - online available). 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 analysed if its
completeness is 295%). Most (55%) cardiovascular registries?12326,27.29,30,34-3740
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%)
orthopedic registries,*2-46485052-5560,62-65 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 - online available). Techniques to handle missing data were clearly
described by only one orthopedic registry (4%),°° which sent requests for missing
data to each orthopedic department once every three months. Almost half (46%) of
the orthopedic registries,#243465052-556063-65 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

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 orthopedic registries.

A wide variety of outcomes as well as their definitions and durations of
follow-up were reported by both cardiovascular and orthopedic registries (Table
S7A and S7B - online available).

The most frequently reported outcome in cardiovascular registries was
mortality; reported by 18 (90%) registries.?21-2426-37.3940 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. 2427-37.39.40 Major
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cardiovascular events (MACE) were reported as combined end-points by eight
(40%) registries,21,27-2932363740 byt with seven different combinations of
complications included in this endpoint and seven different time intervals with most
(50%) registries reporting on 1-year MACE.28293640 Reporting on other single
outcomes also showed large variability, ranging from 3 to 40 outcome variables per
registry (Table S7A and S7B - online available).

In orthopedic registries, revision surgery (for any cause) was the most
frequently reported outcome, reported by 20 (77%) registries.42-44464850-60,62,63,65 [t
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 ten registries (38%]).424346,50-5256,59,60,66
Specific reasons for revision were reported by 19 (73%) registries,*244464850-
57,59,60,62,63,6566 hut these reasons for revision varied between registries (e.g. infection,
loosening, component failure, etc). Patient reported outcome measurements
(PROMSs) were reported by five (19%) orthopedic registries,*+464863.65 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 (e.g. renal failure, hip dislocation, deep venous thrombosis, etc)
were inconsistently reported by 13 (50%) registries,*4464850,51,54-56,58,60,6263,65 the
majority (77%) reported on mortality445051555658606263,65 (Table S7A and S7B -
online available).

Domain “Safety & performance”

Public reporting on how feedback on e.g. devices, hospitals, and surgeons is provided
was reported by three (15%) cardiovascular registries?.2%36 (Table S8A and S8B -
online available). 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 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.

Public reporting on the frequency of feedback provided was reported by 14
(54%) orthopedic registries.#2-444648, 5053,55,58,60,62,63,6566 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
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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,>?6066 two solely on outlier hospitals,>®%2 one on outlier devices and
hospitals,®®* and two on outlier devices, hospitals, and surgeons.5%63 Qutlier
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 (TH) component combinations, 3 TH cups, 2 TH stems, and 24
total knee (TK) implants were identified by these eight registries as outlier implants.
Overall, registries all identified different outlier implants, with only one outlier
implant (a TH component combination) identified by more than one registry.

Discussion

In this systematic review we have evaluated structural and methodological
characteristics as well as the data quality of 46 European cardiovascular and
orthopedic 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.?”-¢% 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.® 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 orthopedic 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 orthopedic 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
orthopedic 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, randomised controlled
trials, peer-reviewed publications, podium presentations, and manufacturers’ in-
house data sources.’®’! 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 e.g. comparing
with the best implant construct’275 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.®°
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.’¢ Similar findings were also observed for orthopedic registries, with
considerable heterogeneity in captured outcomes and definitions used for revision
procedures.””7? 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.8? 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
orthopedic devices for instance, the International Society of Arthroplasty Registers
(ISAR) has proposed a global registry library in 2019 to ensure the same
classification of orthopedic devices across registries.8® 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
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consensus frameworks to achieve common datasets that must be captured by
registries®! 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 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 high quality data to inform regulatory decisions.! 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
orthopedic registries. Of the latter only 11 of 13 orthopedic registries reported
recent data (2018 and beyond) that reached a patient/procedure-level
completeness of 95% or above. Similar findings were shown for European TH and
TKregistries by Liibbeke et al, with 67% reporting patient-level completeness,’® and
for cardiovascular registries, of which the majority had data completeness below
50% or not available.”®

Making it mandatory to enrol all patients in a registry would help to
increase patient/procedure-level completeness.8¢ In this systematic review,
however, none of the mandatory cardiovascular registries and only 75% of the
mandatory orthopedic 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 Niederldnder et al,'® and expanded it with
support from an experienced librarian. In addition, experts in the field (cardiologists
and orthopedic surgeons) were consulted, resulting in the addition of two
cardiovascular registries. Furthermore, European orthopedic registries listed on the
EFORT - NORE-website were checked for their eligibility, resulting in an additional
six orthopedic registries and the completeness of included European cardiovascular
registries as well as orthopedic 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
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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 orthopedic
registries, because they represent the most commonly used high-risk medical
devices aiming to reduce patients’ mortality and morbidity.8” However, the items
used to determine the regulatory utility of these registries would also be applicable
to other (high-risk) medical device registries.

An overview of publicly available information, as summarised in this
systematic review, demonstrates the transparency of European cardiovascular and
orthopedic 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 (i.e.
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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Figure 1. PRISMA Flowchart - (A) Cardiovascular and (B) Orthopedic registries. Abbreviation:
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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Figure 2. Reported items by cardiovascular (A) and orthopedic (B) registries in each domain
indicating the variation in reporting across registries (with the lower end of the boxes
representing the first quartile and the higher upper end the third quartile; the solid lines in the
boxes representing the median values (if not visible the solid lines are at the same level as the first
or third quartile); the T-shaped whiskers the maximum or minimum values (without outliers);
the individual points representing outlier values)
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Figure 3. Reported items by the active labelled cardiovascular (A) and orthopedic (B) registries
in each domain indicating the variation in reporting across registries (with the lower end of the
boxes representing the first quartile and the higher upper end the third quartile; the solid lines in
the boxes representing the median values (if not visible the solid lines are at the same level as the
first or third quartile); the T-shaped whiskers the maximum or minimum values (without
outliers); the individual points representing outlier values)
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Identification

1. Class of device (cardiovascular registries - stents/cardiovascular registries - valves/cardiovascular registries - combined)/(orthopedic
arthroplasty registries - combined/orthopedic arthroplasty registries - hips/orthopedic 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)

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)
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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. body mass index, 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?)

Box 1. Description of the items in each domain that were extracted for each registry
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Published paper(s)

containing registries’ Published annual report(s) Active registry

data containing registries’ data
(2018 and beyond) (2018 and beyond)
Cardiovascular registries - combined 5outof7 (71%)
British Cardiovascular Intervention Society No Yes Yes
East Denmark Heart Registry No No No
German Society for Thoracic and Cardiovascular Surgery Yes Yes Yes
Polish National Database of Cardiac Surgery Procedures Yes No Yes
Portuguese National Registry of Intervention Cardiology No No No
Spanish Cardiac Catheterization and Coronary Intervention Registry Yes Yes Yes
Western Denmark Heart Registry Yes No Yes
Cardiovascular registries - stents 2 out of 2 (100%)
Polish National Percutaneous Coronary Intervention
. Yes No Yes
Registry
Swedish Coronary Angiography and Angioplasty Registry Yes Yes Yes
Cardiovascular registries - valves 4 out of 11 (36%)
Quality Assurance Registry on Aortic Valve Replacement No No No
Austrian-TAVI Registry No No No
Belgian TAVI Registry No No No
Czech TAVI Registry No No No
FinnValve Registry No No No
FRANCE-TAVI Registry No No No
German Aortic Valve Registry Yes No Yes
Polish Registry of Transcatheter Aortic Valve Implantation Yes No Yes
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Spanish Registry of Heart Valves Repair No No No
Swedish Transcatheter Cardiac Intervention Registry Yes Yes Yes
Swiss TAVI Registry Yes No Yes
. e . 14 out of 20
Orthopedic arthroplasty registries - combined (70%)

Croatian Register of endoprothesis No No No
German Arthroplasty Register Yes Yes Yes
Finnish Arthroplasty Register No Yes Yes
Irish National Orthopaedic Register No Yes Yes
Lithuanian Arthroplasty Register Yes No Yes
Dutch Arthroplasty Register Yes Yes Yes
Hungarian Arthroplasty Register No No No
Norwegian Arthroplasty Register Yes Yes Yes
Nordic Arthroplasty Register Association Yes No Yes
National Joint Registry for England, Wales, Northern Ireland, Yes Yes Yes
the Isle of Man, and the States of Guernsey

Belgian National Arthroplasty Register No Yes Yes
Catalan Arthroplasty Register No No No
National Arthroplasty Registry of Slovenia No Yes Yes
Italian Arthroplasty Registry No Yes Yes
Emilia-Romagna Region Arthroplasty Register Yes Yes Yes
Romanian National Arthroplasty Register No No No
Portuguese National Arthroplasty Register No No No
Scottish Arthroplasty Project Joint Registry No Yes Yes
Slovakian National Arthroplasty Register No No No
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Swiss Arthroplasty Register No Yes | Yes
Orthopedic arthroplasty registries - hips 3 outof4 (75%)
Czech Republic Arthroplasty Register No No No
French Arthroplasty Register No Yes Yes
Danish Hip Arthroplasty Register Yes Yes Yes
Swedish Hip Arthroplasty Register Yes Yes Yes
Orthopedic arthroplasty registries - knees 2 out of 2 (100%)
Danish Knee Arthroplasty Register Yes No Yes
Swedish Knee Arthroplasty Register Yes Yes Yes

Table 1. Recent activity of included registries
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