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Preface

The document herein was produced by the International Medical Device Regulators Forum
(IMDREF), a voluntary group of medical device regulators from around the world. The
document has been subject to consultation throughout its development.

There are no restrictions on the reproduction, distribution or use of this document; however,
incorporation of this document, in part or in whole, into any other document, or its
translation into languages other than English, does not convey or represent an endorsement
of any kind by the International Medical Device Regulators Forum.
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43 1.0 Introduction

44  The International Medical Device Regulators Forum (IMDRF) Registry Working Group
45  was created with the purpose of developing:

46 (1) Essential principles for linking electronic patient, device and outcome registries
47 and/or related data repositories or identifiers such as Unique Device Identifiers
48 (UDIs), including the principles behind data access, security, informatics formats,
49 governance and other key areas related to global regulatory applications for
50 medical device evaluation; and

51 (2) Essential principles related to optimal methodologies for analysis of
52 heterogeneous data sources applied to medical device safety signal detection,
53 performance and reliability.

54

55  This document focuses on the task described in (2). In doing so, the document leverages the
56  essential principles behind data access, security, informatics formats and other key areas

57  related to global applications for medical device information described in (1). It applies the
58  medical device registry definition from (1) and introduces the methodological concept of

59 international Coordinated Registry Networks (iCRNSs) to maximize the potential of data

60  captured in the international registries.

61

62  This methodological document also builds on the IMDRF Common Data Elements (CDE)
63  for Medical Device ldentification document. The CDE effort outlines the common data

64  elements for medical device identification that may be used through regulatory activities or
65  process (pre-market, and post-market), including the future possibility of electronic

66  regulatory submission of device identification information and covers the harmonization of
67  terms and their definitions (IMDRF CDE).

68

69 Much of the material presented and developed here was preceded by multi-stakeholder
70  work advanced by the U.S. National Medical Device Registry Task Force. In particular, the
71 methods discussed there should apply reasonably directly to the international setting. This
72 document highlights aspect of those considerations that differ in important ways from the
73 national setting (Medical Device Registry Task Force).

74

75 2.0 Scope

76  This document provides information and guidance on:

77 * International coordination in methodologies that would add value to multiple
78 international stakeholders including regulators;

79 * Methodological principles in the clinical evaluation of performance/effectiveness
80 and safety across the device lifecycle using international Coordinated Registry
81 Networks (iCRNs);

82 » Methodological principles in signal detection via iCRNSs.

83

84  The focus will primarily be on implantable therapeutic devices, as this area represents
85  highest risk devices with most registry activities and opportunity to reach consensus.
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4.0 Definitions

Clinical evaluation: The assessment and analysis of clinical data pertaining to a medical
device to verify the clinical safety and performance of the device when used as intended by

the manufacturer (GHTF/SG5/N1:2007).
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271

272  Lifecycle: all phases in the life of a medical device, from the initial conception to final
273  decommissioning and disposal (ISO 14971:2007).

274

275  Medical Device Registry: Organized system with a primary aim to increase the knowledge
276  on medical devices contributing to improve the quality of patient care that continuously
277  collects relevant data, evaluates meaningful outcomes and comprehensively covers the
278  population defined by exposure to particular device(s) at a reasonably generalizable scale
279  (e.g. international, national, regional, and health system)". We think that such revised
280  definition might better reflect the use of medical devices registry data to increase the quality
281  of medical care.

282

283  Signal detection: The process of determining patterns of association or unexpected
284  occurrences that have the potential to impact patient management decisions and/or alter the
285  known benefit-risk profile of a device.

286

287 5.0 Vision

288 I.  We envision international harmonization of medical device registries
289 analytical methodologies via international Coordinated Registry Networks
290 (ICRNSs) based on demonstrated best practices;

291 II.  While not all countries will contribute registry data to every device
292 evaluation, all countries will benefit from the global collaborative;

293 I11.  The collaboration should be based on a systematic agreed upon process for
294 sharing and evaluating data/findings from medical device registries amongst;
295 IV.  All registries will agree on pre-specified analyses and collaborative sharing of
296 the outputs with each other and the regulators;

297 V. A standing IMDRF registry working group should exist to facilitate this
298 process.

299 6.0 Factors Contributing to Between-Country Variation in use and

300 Outcomes Associated with use of Medical Devices

301 Several key characteristics contribute to differences among countries in both the use of
302 medical devices as well as their associated outcomes. These include but are not limited
303 to:

304

305

306 MARKET ENVIRONMENT: Because not all medical devices are available in all
307 countries at the same time, the length of market experience will vary across countries.
308 Moreover, medical device adoption will differ as a function of the extent of device
309 reimbursement, the potential population size exposed to the device, and the number of
310 medical device competitors currently in the market.
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311

312 INTRINSIC AND EXTRINSIC ETHNIC FACTORS: Specific characteristics of the
313 populations differ across countries, even for the same indication. Intrinsic factors
314 include genetic information, body mass index, body composition, and other ethnic
315 features; extrinsic factors involve aspects shaped by the cultural and behavior climate
316 such as medical practice patterns, diet, and other environmental conditions. For
317 example, the OECD reports that life expectancy at birth ranges from 56.8 years in South
318 Africa to 83.4 years in Japan; infant mortality rates from 1.8 per 1000 live births in
319 Finland to 40.9 in India (OECD, 2013) and in 2011, total fat in grams/capita/day from
320 87.3 in Japan to 171.5 in Austria. Additionally, extrinsic factors could influence some
321 device performance outcomes more than others, such as patient reported outcomes
322 (Wild et al., 2009).

323

324 REGISTRY CHARACTERISTICS: Key features that may vary across countries
325 include granularity of data, degree of coverage or completeness of the market (e.g. full
326 census, partial census, sample), duration of longitudinal follow-up, attrition rates, data
327 privacy standards, regulation, ability and level of information exchange, and adherence
328 to external standards (OECD, 2016). In addition there are well documented variations
329 in consistency of data element terms and definitions, variation in data quality and the
330 degree of use of standard data validated against master data sources. Recent example of
331 MDEpiNet PASSION/RAPID project is a good illustration of how informatics
332 principles were used to develop Common Data Elements (CDE)s which created an
333 opportunity and link the CDEs to IMDRF CDEs, and integration of Device Identifier of
334 UDI and standard GUDID data into the registries (Morales, 2016).

335

336 MEDICAL DEVICE REGULATION REQUIREMENTS: Requirements for assessment
337 of clinical data in general show significant differences among major regions on a global
338 level. For methodological principles applied to registry data these differences do not
339 have a major impact as they can easily be implemented in the various processes by
340 global regulatory bodies.

341

342 As an example, the demonstration of equivalence between medical devices in Europe
343 will be subject to change as a result of legislative revision. This will provide greater
344 detail with regards to the access to data and the clinical, technical and biological
345 requirements needed to establish equivalence. This is likely to impact on feasibility and
346 economic considerations in establishing registries to collect post-market data as a part
347 of the overall conformity assessment.

348

349

350

351

352 “Grandfathering” as is applied in some regions is becoming less justifiable as a result of
353 advances in technology and standards of care. As a consequence the vast majority of
354 devices will be required to produce clinical evidence on their own product. Registries
355 can be an important source for these clinical data, if they are of “regulatory grade” i.e.
356 they meet the requirements concerning data quality or governance and manufacturers
357 take this into consideration when developing clinical trials designs and marketing
358 strategies.
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HEALTH CARE DELIVERY SYSTEMS: Differences in health care delivery systems
could also be a contributor to between country variability. For example, when patients
move from one health care system to another, the capture of their long-term data can be
impacted. In addition, the differences in payment reimbursements within various health
care systems can impact the availability of devises and the treatment options for the

patients.

Product registration US, EU, and Japan

EU

Japan(revision2014)

Pre-market review

Class Ill: Third Party
certification incl. Design
Dossier Assessment

Class | (sterile or
measurementfunction), lla,
llb: Third Party certification -
requirementsdependon
device classification

Class | (non sterile and
without measurement

Governmental approval/license

Table 1. Product registration US, EU, and Japan

and some of improved
medical devices )

Class|l, some of ClassIll:
Third party certification

Third party review/certification |Se|f declarationl

Class II: 510{k) clearance

7.0 Clinical Evaluation of Performance/Effectiveness and Safety using

International Registry Data

7.1 Context and Methodological
Considerations

Exploiting international registries  will
enhance the availability of evidence related to
the total product lifecycle of a medical device

(Figure 1). This document focuses on
analytical  considerations arising  from
12 August 2016
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[ Generate new or additional clinical data ]
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- Contribution of results
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performance and safety
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performance of safety
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384  leveraging information collected from around the world (Stage 3, Figure). We do not
385  describe general approaches associated with confounding when clinical data arise from
386  observational studies or other routine design features. We emphasize analytical issues
387  related to the variation arising due to the inclusion of multi-national data.

388

389 HETEROGENEITY VERSUS HOMOGENEITY: The analysis of data obtained from
390 country-specific registries involves combining heterogeneous medical device information
391  with the goal of extracting

392  performance and safety parameters. Even when
393  definitions and  collection strategies are
394  completely harmonized across registries, differences in device outcomes will likely persist
395  due to both systematic and random between-country variation. Systematic factors include
396 intrinsic and extrinsic features of region-specific populations. To the extent possible, higher
397  priority should be given to biological response-related performance and safety outcomes
398 rather than to outcomes more prone to social, life style, care delivery differences. However,
399 even accounting for patient clinical features, and intrinsic and extrinsic factors, random,
400  unexplained between-country differences will remain.

401

402 POOLABILITY: The extent to which registry-specific information is combinable or
403  “poolable” will lie between two extremes: (a) no pooling and (b) (unadjusted) complete
404  pooling without accounting for country-specific features. The no pooling option assumes
405 that nothing can be learned about a medical device using data collected from another
406 country about that device. The complete pooling option assumes that patient-level
407  information from all countries provide information about exactly the same device
408  effectiveness parameters, essentially treating all data as if arising from a single country.
409  Both extremes (in their pure form) are unlikely; however, there are some situations in which
410 pooling may be closer to one of these extremes or the other. There could be interactions
411  unique to one or two countries that would prohibit pooling. In the case where there are
412  limited registries for the given condition/device then the extremes would apply. Non
413  pooling of the data but looking at each countries registry data alone as a stratified analysis
414  may be useful as well.

415

416 EXCHANGEABILITY: Assuming information arising from international registries is
417  poolable, the type of statistical dependence among the observations within and between the
418  registries must be determined based on assumptions. Exchangeability is the degree to
419  which observable medical device outcomes are similar, and consequently, describes the
420  dependence in a probability distribution of all the outcomes. Assuming independence
421  within registry conditional on a country-specific effect is a reasonable initial assumption for
422  combining international registries data. This implies, for example, assuming that revision
423  rates following implant with a particular total hip device, adjusting for patient-specific
424 confounders within the i country, has a country-specific mean rate p;, implying that the
425  rates could differ across countries after adjusting for patient differences. To acknowledge
426  this variation, it is assumed that the country-specific rates arise from a distribution with a
427  common mean and variance. Thus, the country-specific rates are completely exchangeable
428  across countries. The relative magnitude of the between-country variance in the outcomes
429  to the total variation in the outcomes quantifies the degree to which estimates in one
430  country “borrow” information from the ensemble of countries. As a framework in which to
431  perform these calculations, we could extrapolate data based on similarities (or differences)

Figure 1. Stages of Clinical%%ga data
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432  between country specific factors. Such an approach would

433  Dbe facilitated if we had access to a metric for assessing how
434 similar the data was across countries in question.

435 SAFE PCI

436 MINIMUM NECESSARY DATA FOR ANALYSIS:
437  Every effort should be given to adherence to minimum The Study of Access site

438  necessary standards for personal information in order to for Enhancement of PCI
439  mitigate risk. This principle should be translated to the for Women (SAFE-PCI)

440  agreements on necessary analysis, and the data needed for prospectively compared
441  those calculations. For example, learning curve-associated radial access and femoral
442  revision rate may just need time-to-event and sequence of access in 1787 women
443  procedures, but a similar analysis based on real-time events undergoing PCI. It was

444 (recall, introduction of new devices, new publications, etc.) the first registry-based
445  would need exact dates. Therefore, in the harmonization of ~ JREWCCNFERYE]
446  endpoint analyses/definitions, risks to exposure of private conducted in the U.S. The

447  information must be mitigated, even more than the general authors indicated that
448  prohibitions against transfer of private information over “..this registry-trial

449  national borders. infrastructure provided
450 several efficiencies in site

selection, data collection,

451 7.2 Methodological Opportunities and site workload (Sunil
et al, 2014).”

452

453  The methodological features of international medical device
454 registries provide numerous opportunities to learn continuously about device performance
455  through the product’s entire life-cycle. These opportunities are afforded by the degree of
456  similarity or exchangeability in the data. Essential performance evaluations include
457  assessments of long-term medical device outcomes, comparative effectiveness estimates
458  generally, and for performance evaluations involving rare outcomes in particular. Specific
459  examples follow.

460

461 CHARACTERIZING LEARNING CURVES: Temporal variation in market entry dates of
462  medical devices and geographic variation in characteristics of medical device users across
463  countries will reduce uncertainty in time to “steady state.” This benefit is afforded by the
464  availability of multiple opportunities to observe “first” use of new medical devices across
465  different countries in relation to a subsequent broader set of medical professional users.
466  Understanding learning effects could potentially influence future training requirements
467  worldwide.

468

469  WIDENING INDICATIONS: Variability in both the intrinsic and extrinsic ethnic features
470  associated with international registry data will undoubtedly include information about
471  device performance in different indications. Such populations will arise due to geographic
472  variation in market entry date of devices as well as to local practice patterns. While any
473  one registry may lack sufficient numbers of patients to characterize medical device
474  performance adequately, pooling country-specific registry information can increase the
475  effective sample size for such populations, thereby reducing the uncertainty of device
476  outcomes in new populations. Clinical data from countries with on-label populations can
477  be leveraged to inform other countries. However, approvals in different countries may have
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478  different indications for use (e.g. different intended _
479  use populations (e.g., disease, race, sex/gender) as
480  well as different intended uses (treatment, adjunct, JOINT ACTION

481  relief of symptoms) in the approved labeling. These
482  factors can also complicate the pooling. PARENT

483

484 DETERMINATION OF OBJECTIVE PERFORM .
485 ANCE CRITERIA & PERFORMANCE GOALS: The EU- ~ -funded Joint
Action PARENT (Patient
Registries Initiative)
undertook an analysis of

486  Like widening indications, variability in intrinsic
487 and extrinsic factors will enhance the creation of
488  objective performance criterion (OPC) for medical
489  device. By having more variety in patients one is
490 more likely to capture the true underlying variance
491  inthe effect measure, leading to greater accuracy of
492  the effect measure. In addition using samples from
493  multiple countries allows for a greater ”_
494  pooled sample size and types of patients to

495  be included in the analysis. O’Malley and IDEAL (D) Recommendations

496  colleagues demonstrated the construction of related to registries

497 OPCs for bare metal coronary stents in
498  different patient types (O’Malley et al,

exchangeable neck hip
arthroplasty implant. One
goal was to identify
potential limitations for a

Standards for publication/registration
of preclinical data need to be

499 2003) Sla‘ge ll:in I established for devices. Many devices
500 Ldim 21 enter t}}e. market after this stage (see
501 IDENTIFICATION OF  SUBGROUP stage 4).

u
Stage 1 Reporting of first in human use

502 EFFECTS: In pre-specified subgroups, it is |[Eprees WA B i
- - g i Integraied INio a4 process Dy Whlch
503  reasonable to assume that information about — EER¥RETS! Devices are patented and regulated

504  medical device performance in a particular

This can be the start of Registry for

505 subgroup of interest is related (but not breakthrough technologies such as
506 identical to) information about medical trans-catheter valves.
507  device performance in other subgroups. For Device iterations mostly occur at
508 example, the comparative restenosis rate for 3“5'3'--',‘1=‘-’:,‘ P‘j"‘-“tl,&“f,‘*‘“h
. . - deVvICE INSEIM1on/aclivallon may
509  a particular drug eluting stent relative to SRR INES"—_C - —"—
510  another stent may differ among diabetic [ and leaming curve estimation are
511  patients with ST-elevated MI, diabetic gn‘ﬂsipecﬁve imponaﬂ:t-Continuzlttipnof
512  patients with a non-ST elevated MI, non- el b S At
X X . . al and breakthrough technologies or

513  diabetic patients with ST-elevated MI, and | e T
514  non-diabetic patients with non-ST-elevated REILEY] existing technologies can help
515  MI but these rates should be related in some ik e i
516 way. If a particular country has small deally conductedin experienced

Y. p - . y : centres to minimize risks of harm.
517 numbers of patients within particular Resiotre 1o an ideal inf :

. . - EZISIIy 15 an 1deal ImIrastruciure Ior

518  subgroups, borrowing information from Staoe s initiating clinical trials: “Nested”
519  similar subgroups from other countries will i'a:;i;ﬁem RCTs possible within registries.
520 increase the precision associated with each |eepemENR UL S LR SRR L B

: ’ : ~ . | aninternational set of principles for
521 part_lqular countryg su_bgroup estlmate._ _In alternatives) | . . ding when zn RCT should be
522  addition to examination of pre-specified ——
523  factors, the availability of international
524 registries will support hypothesis generating Registries valuable and may begin
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(long-term kind™ products that enter practice after
study)

much earlier (see stages 1-2_ This is
particularly important for “nth-of-a-
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For first-of-a-kind devices, registries
should ensure controlled introduction.
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525  subgroup effects through the use of newer big data methods (Wang et al., 2015).

526

527 NESTING RANDOMIZED TRIALS IN REGISTRIES: In addition to analytical strategies
528  associated with international registry data, access to such registries facilitates faster accrual
529  of subjects to participate in clinical trials, thereby shortening the duration of the trial. The
530 infrastructure available within a registry may also be used to identify subjects to participate
531 in comparator arms in experimental studies. Efficiency gains could be realized through
532  statistical matching or other design strategies by analyzing data found in registries prior to
533  randomization (see SAFE PCI).

534

535 COMPARATIVE EFFECTIVNESS APPLICATION: International Consortium of
536  Orthopedic Registries (ICOR) is an example of using distributed health data system with
537 harmonized data definitions and data extraction followed by combing the data using
538 innovative methodology across multiple national orthopedic registries. The coordinating
539  center communicates with registries that apply standardized SAS syntax to their data and
540 send summaries from each registry to coordinating center. This structure of the system as a
541  decentralized distributed network helps overcome issues related to security, operations,
542 legal, and those related to patient privacy. It has major advantage of strengthening
543  estimation by borrowing information from multiple registries. The analytic method of
544  ICOR to combining survival curves is a flexible and robust approach to comparative
545  effectiveness as it allows evaluation of risk change over time, determination of interactions
546  and the risk factors (see IMDRF Registry Essential Principle).

547

548 RECENT TOTAL PRODUCT LIFECYCLE (TPLC) APPROACHES WITH STRONG
549 EMPHASIS ON REGISTRIES. One of the approaches to TPLC is the IDEAL-D
550 framework (Sedrakyan et al., 2016). The IDEAL(D) framework builds on prior efforts by
551 an international expert consensus group that initially described the studies and reporting
552  requirements for developing evidence for new surgical procedures: starting form first in
553  man through widespread adoption. There are 4-5 stages within this Framework (IDEAL
554  stands for Idea, Development, Exploration, Assessment, Long-term study). The Idea stage
555  focuses on the “first-in-man” use of new technology. In the next Development stage,
556 inventors modify the technology and in the Exploration stage other users get involved
557  addressing technical details, indications, operator learning curves and quality control. In the
558  Assessment stage operators collaborate on a definitive study of the new technique. Finally,
559  Long term study (Stage 4) is needed to detect late and rare side effects, “indication creep”
560 and performance variation. The application of this realistic framework for devoices as
561 IDEAL(D) has a strong emphasis on registries (see the box).

562 8.0 Signal Detection

563 8.1 Context and Methodological Considerations

564  Single and aggregate reports and ‘root cause analyses’ are useful for identifying unexpected
565 major harms. For example, the ASR artificial hip failure was recognized by MHRA in
566  collaboration with clinicians based on case series reports with unique failure features
567 (Medical Device Alert). However, only systematic processes will ensure continuous
568 evaluation of implants to determine comparative performance and differences between
569 them. Many important considerations, such as comparisons of rates of events between
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570  distinct sets of devices, are best addressed on the basis of

571 summary measures rather than by informal aggregation
572  of individual anecdotes. By shifting the focus from J-MACS

573 individual reports towards systematic summary analyses,

574  we can exploit the power of registries to detect strong

575 signals. For example, the Australian National Joint Japanese Registry for
576  Registry found higher rates of implant revision for the Mechanically Assisted
577  entire class of metal on metal implants particularly those Circulatory Support (J-
578 that are larger than 36mm (Australian National Joint MACS) is a prospective
579  Registry). registry harmonized with
580 the United States registry
581 Registry fitness for use in the regulatory setting would (INTERMACS), now
582  depend on the type of the registry. For example, some evolving into the network
583  registries are case-based and could not provide the rates of international registries
584 in the absence of complementary data). However, most (IMACS). One of the

585  registries that would fit the IMDRF definition of medical examples of its signal

586  device registry are very good data source to provide rates detection is “transition to
587 of events (IMDRF Registry Essential Principle). back-up mode”, pointed
588  Registries can also help overcome regulatory limits out by the -MACS event
589 related to sample size requirements for legacy post adjudication committee.
590 approval studies by allowing infrastructure that is already The manufacturer has

591 embedded in the health care delivery system to serve as a immediately taken actions
592  venue for addressing important regulatory questions, thus with the regulatory agency
593  obviating the need for stand alone, large postmarket (PMDA), to find out the
594  cohort and offering an opportunity for effective, less root cause (open circuit of
595  costly nesting of premarket data the driveline) and fixed it.
596  collection.

597

598 DELAY IN SIGNAL VERIFICATION: There is potential delay before information from
599 international registries will be summarized, vetted and discussed with the regulator. Still,
600 from the efficient regulation perspective the summary information provided by registries
601 provide more complete picture than anecdotal and potentially biased information available
602 immediately from single reports or passive surveillance systems.

603

604 DEVICE and COMPONENTS ISSUES: In the instance of implants with multiple
605 components that can be used to create ‘custom’ implants, the international registries will be
606 able to determine the ‘mix and match’ process and allow for investigations of how
607  components impact both effectiveness and safety.

608

609  There are limitations to a registry approach that need to be recognized. For example, in the
610 field of orthopedics, the device removal or replacement might not happen due to advanced
611 age, comorbidities, patient refusal, or financial burden on patients. In addition much more
612  extensive surgery might occur due to unavailability of certain components due to recall but
613  this information may not be captured in the registry.

614

615 In addition the lack of use of a standard device identifier (the DI of the UDI) that can be
616 validated against a vetted data source (in the US it would be GUDID) and the lack of a
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617  standard codeset to identify devices impacts the analysis of device outcome information
618  both within and across countries

619 8.2 Methodological Opportunities

620 HARMONIZATION OF TERMINOLOGY: For a purpose of IMDRF convergence it is
621 important to employ a consistent methodological vocabulary and set of processes for the
622 implementation of signal detection. For example, ‘outlier performance’ is a term often used
623 by international registries to describe a signal detection process that many regulators
624  consider. From a process harmonization perspective the signal detection process can pre-
625  specify actions that regulators will take for known issues or concerns. We recognize that
626  harmonization of terms and processes is evolving over time, and we may need to consider
627  updating data analysis, data collection and leverage linkages to other data sources.

628

629 PERIODIC UPDATES OF DATA CAPTURE: Registries should be flexible enough to
630 allow for periodic update of data capture driven by the gaps in evidence. For one
631 example, in the instance of hip replacement, over time new events such as soft tissue
632  reaction and peri-prosthetic fractures were initially identified outside of the context of the
633  registry. Based on those findings, the additional data field was added to the UK NJR
634  registry to learn more about soft tissue reaction. In addition, the linkage to other data
635  sources allows better examination of the peri-prosthetic fractures (sometimes captured in a
636  separate registry. These patient outcome terms and associated device problem terms should
637  be codified and included as common data elements in recognized standard vocabularies
638 available for use across National and International health IT systems, including patient
639  records and registries (Registry Essential Principles).

640

641 For another example, after randomized controlled trials and evidence evaluation from
642  registries, the Transcatheter Aortic Valve Replacement (TAVR) procedure received
643  widespread adoption with several hundreds of thousands of inoperable and high risk
644  patients treated with the procedure worldwide. Several years post introduction,
645 international registries began identifying an increased incidence of valve hemodynamic
646  deterioration (VHD) and decreased valve leaflet mobility in a subset of patients receiving
647  valves possibly associated with both TAVR and SAVR. The initial risk factors identified
648 included lack of coagulation therapy, larger BMI, and smaller size valve (Del Trigo et al,
649  2016). These international registry findings helped direct further research to better identify
650 the risk factors associated with use of these devices.

651

652  Note that while we may need to add fields to registries periodically to address emerging
653  questions, we should also consider when such updates can provide for removal of data
654  fields for questions that have been adequately addressed. These data elements should be
655  part of core recognized data standards and data code sets. Such an addition will make it
656  easier to maintain a sustainable system.

657

658 POSITIVE SIGNALS: When viewing signal detection as a method to highlight positive as
659  well as negative findings, and for use with efficacy and safety measures, it clarifies the
660  possibility for the use of signal detection to contribute to benefit/risk assessments. Such
661  assessments would fit naturally into a signal detection framework, especially with respect to
662  determining benefits that became more apparent as additional data were made available
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663 over time from a variety of sources, such as that assembled from multiple national
664  registries. It is straightforward to see how the process of exclusion (discussed later in terms
665  of signal detection taxonomy) could be used to rule out specific levels of harms of interest.
666  However, one could also leverage the same machinery to rule out lower values of efficacy
667  (so that performance was demonstrated to be higher than a particular threshold or value).
668  Such findings could potentially be used to update changes in labeling for a device that
669 reflected the refinement in knowledge of performance of the device.

670

671 NEW VS MATURE DEVICES: There may be distinct considerations at play when
672 examining a registry of an early innovation device versus one of established devices (as
673  might become available with the proliferation of a given technology). Concerns for signal
674  detection may readily differ depending on the relevant maturity of devices in the market
675 place. For example, we might be more concerned with short term quantification of harms
676  for first in kind devices, but be more concerned with potential time shifting effects (such as
677  unanticipated results stemming from minor iterative changes) for well-established devices.
678  With a larger class of related devices, we have the opportunity to look for differential
679  performance, but this is not even possible for first in kind devices.

680

681 CAMOUFLAGING: This effect is an important consideration when evaluating devices.
682  Considering class/attribute level versus the individual product level evaluation is a matter of
683  debate. In general, evaluating a device on the individual level is complicated due to sample
684  size limitations and might not be aligned with the philosophy of product development.
685  Minor variations in implant design are often performed for marketing purposes to offer
686  ‘diverse’ products while from performance perspective they are all comparable. Hence,
687  class/attribute level assessments are the first step in signal detection process. However, in
688  some instances the incremental changes that are considered ‘benign’ might lead to a much
689  higher rate of device failure for the specific iteration of the device. Missing these effects
690  within attribute level comparison is the essence of the camouflaging problem.

691

692  This effect illustrates the importance of performing signal detection (outlier) analysis at the
693 level of device identifier model/size cluster level in addition to implant attribute
694  (classification) level. This process also helps to revise attributes and come up with new
695  ones based on real life experiences.

696

697 PROVIDER EFFECT: Provider effect is another key consideration and needs to be taken
698 into account to make sure effects (camouflaging, class) are not limited to a few generally
699  underperforming surgeons (e.g. volume). The registries, regulators and professional
700  societies should set some criteria to parse out when it is a provider vs device effect.
701  Specifically if there are known extrinsic or intrinsic factors that impact the success of
702  procedures/devices, this may need to be some weighted or adjusted threshold.

703

704  PRESPECIFICATION OF THRESHOLD VALUES: It is key that pre-specification of
705  threshold values for various signal detection methods is provided, in particular when
706  planning for sharing of information from analyses conducted in parallel on registries from
707  different countries. This will enable meaningful and timely sharing of potential signals
708  across data sources. Pre-specifying the risk level for signal detection based on negotiation
709  or accumulated strong evidence (e.g. OR, RR, HR 2.0) helps to achieve harmonization.
710  There might be different requirements set for early entrants versus established products in
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711  the market, component versus entire device replacement. The disparate methods themselves
712 may also be better served by employing different types of thresholds. For processes that are
713  relatively stable and are based on all available information up to a certain time point we
714  may be less tolerant of sharp variation than we would be for other processes that only
715  considered the much smaller set of data available within a moving window of time (such as
716  the most recent two months). Finally, there might be different threshold levels for different
717  applications. Note that agreement of a common threshold value in a particular area here is
718  advocated explicitly to provide a sharing of comparable information; it is not intended that
719  such a shared threshold value must be adopted uniformly by all participating regulatory
720  authorities for their own regulatory actions.

721

722  An additional point about threshold values is that they very often are considered in the

723  context of a frequentist testing scenario where one might be concerned with the probability
724 of controlling the error rate across an entire experiment (such as type I error). This familiar
725  framework can breakdown in cases of long-term surveillance, in that the “experiment”

726  across which one is attempting to control error rates is poorly defined. In these scenarios,
727  there are strong arguments for considering a shift to a Bayesian paradigm where one instead
728  might focus on a continually updated posterior probability (of benefit or harm, say), rather
729  than on the p-value from a multiply-repeated testing procedure.

730

731 8.2. Examples of Tools that are used in Registries

732

733 8.2.1 Cumulative Sum of Outcomes (CUSUM) Methodology

734  Cumulative sum of outcomes
735 (CUSUM) methodology allows
736  determination of excessive rates of T

737  failures or adverse events of
738 implants. CUSUM is a sequential 15
739  statistical analysis methodology
740  with graphic application. It allows
741  on line identification of changing
742  device  failure  or  surgical 2
743  complications. There are various
744 methods in use today. For example,
745 a likelihood-based scoring method
746 of calculation of CUSUM is used by Figure 2. CUSUM chart for a high-volume surgeon with a complex
747 the Scottish \Orthopedic regisiry  Breciee e o e n s compndu it
748  described as part of ICOR series

749  (Sedrakyan et al., 2015). If the device failure rate is close to or below average, the CUSUM
750  will remain close to zero. Outlier device or surgeon status is identified at the point set in
751 advance and is named the prediction limit. Setting the statistical thresholds at agreed upon
752  levels helps to balance the risk of failure against that of false alerts. Setting a prediction
753 limit is not an exact science, and changing the statistical criteria will change outlier

2003 2004 2005 2006 2007 2008 2009 2010
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identification. It is a classic example of the tradeoff between sensitivity (finding potential
issues) and specificity (avoiding spurious findings). Hence the results should be interpreted
as a signal that does not yet mean a bad implant or a bad device. One of the advantages of
CUSUM method is ability to track both surgeons and introduction of the new device to
evaluate the surgeon-device ‘package’. For example CUSUM allows tracking of outcomes
of high volume surgeon with changes in practice over time and determination periods of
outlier performance that was in fact linked with introduction of new implants (see figure
from Scottish Arthroplasty Registry- part of ICOR series) (Macpherson et al., 2011).

8.2.2 Cumulative Revision Rate over Time

Depicting an unadjusted cumulative %

revision rate over time after — tee Gt
implantation of the device is a simple | ©%
but powerful technique allowing
identification of outlier implants when
compared to overall or group average.
The method also allows calculation of
accompanying 95% pointwise
confidence intervals using various
methods. For example, the Australian
orthopedic registry process identified
the ASR hip as outlier device using this
method followed by Cox proportional- 0% : ; . : : : ‘ ‘ :
hazard modeling to calculate the hazard 00 10 20 30 40 50 60 70 B8O 90
ratios and adjust for age and sex in Years Since Primary Procedure

order to conduct a comparative Figure 3. Cumulative revision rate of primary conventional

anaIySIS of ':eVISlon rate between total hip arthroplasties (de Steiger et al., 2011).
groups (de Steiger et al., 2011).

10%-

8%

6%

4%1
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8.2.3 Funnel Plots

784— Another graphical approach (Figure

] ' ' ' 785 | 4.) is that of funnel plots, which are
' - 786 | based on application of Shewhart
Charts in  medicine (Shewhart,
788 | 2012).They are example of
Statistical Process Control (SPC)
790 | methodology with valuable
, N | | & 791 | graphical display to showcase the
SN w8 792 | distribution of the data. Through the
T .* 793 | use of funnel plots, it is possible to
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02

The Data Extraction and Longitudinal Trend
Analysis (DELTA) approach is a variation of
CUSUM approach also offering real-time
medical device safety surveillance. For
example, DELTA methodology has been
successfully applied retrospectively and
demonstrated the feasibility of an early
warning detection system for faulty Fidelis
ICD leads. The DELTA network was utilized
in a prospective propensity-matched cohort
analysis of 7 newly-introduced
cardiovascular devices, using clinical data
captured in the Massachusetts PCI database
from 2003 to 2007. For this project, the
NCDR CathPClI registry was used as the data
collection tool. The DELTA system
identified issues in 3 out of 21 safety
analyses that triggered sustained alerts in 2
implantable devices. Patients receiving a
Taxus Express2 drug-eluting  stent
experienced a 1.28-fold increased risk of post
procedural myocardial infarction (2.87% vs

‘ears

national average within the population
(Spiegelhalter, 2005).

In the hypothetical Figure 4 from

UK National Joint Replacement

registry each circle represents one
device and the x-axis denotes the number of
device implants combined with number of
years followed up for a particular device (or
volume) tracked by registry for that device.
The y-axis represents the “true” event-rate
(unobserved). Devices falling above 95% or
99.8% control limits (set in advance) for
risk are deemed as outliers. For various
“true” event rates around the gold-standard
rate, funnel plot shows which devices can
be called “outlier”. Details of the
calculation of funnel plot values for
standardized ratio data are as follows:

Assume a standardized ratio SR = O / E based
on an observed count O and expected count E,
where E is defined as number expected on the
basis of the product of national device failure

2.25% for those receiving alternative drug-

_ _ rate and the patient time at risk. We assume an
eluting stents) (Recommendations for a

expected or target ratio t. A square root

National ~ Medical Device Evaluation transformation is applied to both the
System). standardized ratio (y), and the target (1):

y =\O (O/E)

1 =O(1)

The standard error(s) is given by s° = [1/(4*E)]

826  Thus, the unadjusted transformed Z-score is: z
827 =@-0/NE
828
829  Like several other methods, this approach is heavily dependent on assumptions about
830  equivalent underlying risk. If there is heterogeneity in the underlying risk (as might occur
831  with differing standards of care across sites, differing expertise of operators, or differing
832  disease progression among patients between sites), then departures outside the limits may
833 be more reflective of issues with the assumptions broadly, than with issues in the
834  performance of those points outside the limits. Also, for funnel plots in particular the
835 performance may be somewhat suspect for extremes in the x-axis. Values close to zero
836  (very little use) have extreme variability, while high values of the x-axis can contribute an
837  excess proportion to the determination of what constitutes an outlier (since that
838  determination is based on all of the data).
839
840  When considering how to screen registry data across sources in a coordinated fashion, it can
841  be very helpful to think about what patterns of potential signals are of interest, and what
842  data might be made available to investigate those patterns. Signal detection approaches can
843  generally be categorized into four broad groups: separation, heterogeneity, exclusion, and
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844  deviation. This taxonomy for signal detection was previously introduced in the white paper
845  “Recommendations for a National Medical Device Evaluation System”.

846
847
848
849
850
851
852 Table 2. A Taxonomy for Signal Detection
Type Purpose Example
Identify divergence between Is the adverse event rate following drug
Separation two devices eluting stenting different from that
following bare metal stenting?
Determine if and when one If and when does the average post-implant
Heterogeneity process differs from a infection rate for $urgeon A differ from
collection of processes the average infection rate for all surgeons
in the country?
Determine when a signal is When does the average hospital mortality
sufficiently refined that a following implantation of a left
Exclusion threshold value may be ventricular assist device in Hospital A
excluded, even if the process  exceed 15%?
is relatively constant
Determine if and when a If and when does the incidence of
Deviation single process leaves a pre- inappropriate shocks by implantable
defined area of acceptability ~ cardioverter/defibrillators leads exceed x?
853
854
855

856 Note that differing signal detection approaches may allow one to compensate for
857  differences observed across separate countries. For example, it may be that different
858  reporting requirements might be expected to yield differing absolute rates of reported
859 events for the same device across different countries. However, if the proportional
860 difference in reporting rates was constant on an additive scale (possibly obtained via log
861 transformation if it was originally constant on a multiplicative scale), then the difference in
862  rates between two competing devices might be expected to be comparable across multiple
863  countries. In this example, separation might be more justifiable than heterogeneity, as the
864  later might be more reflective of country differences than true device differences.

865

866  Alternatively, one could conceive of scenarios where aligning around a similar signal
867  process could necessitate application of differing (absolute) threshold values. For example,
868  suppose that differing countries had differing base mortality rates, but they were interesting
869 in comparing departures from the (separate) base mortality in a consistent fashion. One
870  might construct a monitoring plan that allowed for a departure of plus or minus 5% from
871  baseline mortality, so that the width of the acceptability corridor was constant across
872  countries even when the underlying rates differ. This would be a variant of a signal
873  detection process that has previously been used to examine deaths as linked to numbers of
874  operations.
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9.0 General Recommendations

9.1 Recommendations regarding international coordination in methodology
that would add value to multiple international stakeholders including
regulators include:

a. Leveraging IMDRF work already in progress (unique device identification
adoption, creation of standard common data elements, defining a code set for
patient and device problems associated with adverse events) to reduce variation
in the data being exchanged between registries would improve data analysis
accuracy and signal detection;

b. Advancing coordination in addressing important questions that are difficult to
resolve within a single country registry;

c. The proposed international methodological pilots could be a vehicle for further
convergence of methodological approaches

9.2 Recommendations regarding methodological principles in clinical
evaluation of performance, effectiveness and safety across the device
lifecycle, including signal detection, using international Coordinated
Registry Networks (iCRNSs) include:

a. The process should exist by which important information and data (on either a
summary level or observation level), will be shared in a structured fashion by
regulators across multiple countries. This process should be agreed upon
before analyses are performed.

b. Where appropriate, registry structure should be leveraged to efficiently answer
questions that would have historically been addressed via more resource
intensive legacy tools (e.g. 522 studies in the US, PASS studies in EU);

c. Registries should be exploited to facilitate the conduct of clinical trials both
premarket and postmarket;

d. Separation within and between country variation for analysis is necessary in
order to ensure effective individual and international decision making. Explicit
modeling to help determine factors influencing the within- and between-
country variability would be useful,
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916 e. Pre-specification of analyses that could drive regulatory decisions is essential.
917 Beyond the direct specification of analyses, effort should be devoted towards
918 construction of a verification and reproducibility plans for findings from the
919 analyses driven by models;

920

921 f. Further consideration should be given to assessing optimal role of spontaneous
922 adverse event reporting in the context of ICRNS.

923

924 10.0  Pilot Projects

925 The following methodological pilot projects could be a vehicle of addressing important
926  regulatory questions:

927

928 a. Pooling Data for Regulatory Decisions in International Coordinated Registry
929 Network (iCRN)

930

931 b. Statistical Approaches for Informing the Device Total Product Life Cycle
932 Internationally

933

934 c. Piloting PASSION/RAPID Global Case Report Form for Peripheral Vascular
935 Devices in International CRN as Infrastructure to Nested Clinical Trial

936

937

Pooling Data for Regulatory Decisions in International Coordinated Registry
Network (iCRN)

Methodology-specific pilot: theoretical derivations, simulation-based summaries, and
empirical approaches to characterizing the validity of pooling assumptions and the
coherence of comparisons, determination of a minimum number of observations required,
and approaches to representing uncertainty of the strengths of relationships in the context of
label extensions, signal detection, and clearance of predicate devices.

1. Disease/device Applicable to any condition or device (see the examples of
focus proposed priority areas)

2. Immediate What is the validity of pooling assumptions made in the
research context of international CRNs?
question(s) What types of devices and populations can be compared?

What is the minimum number of observations required for
label extensions or clearance of predicate devices?

How can uncertainty of the strengths of relationships be best
represented?

How can big data techniques (e.g., data mining, machine
learning) be utilized for signal detection?

3. Stakeholders Regulators, industry, academia, patients, payers, patient
engaged representatives from example device area and IiCRN
component registry owner representatives.

12 August 2016 Page 24 of 26



Registry WG(PD1)/N42R1

4. Existing Methodology illustrated using existing international registries
international such as ICOR, ICVR, ICOBRA etc.
resources
leveraged

5. Efficiencies Study results will indicate how to develop more efficient
promoted (statistical efficiencies) estimates for regulatory inferences.

Statistical Approaches for Informing the Device Total Product Life Cycle
Internationally

The availability of international registries may allow for shifting some premarket device
data collection requirements to the postmarket setting, this shift requires the use of valid
and reliable data elements that reflect the outcomes of interest in well-defined populations.
Approaches for using international Coordinated Registry Network (iCRN) data to provide:
(a) important long-term device performance information for mature devices; (b) solid
intelligence to help improve the device; and (c) evidence on which patients are the best
candidates for a device require assessment and illustration

1. Disease/device Applicable to any condition or device (see the examples of the
focus proposed priority areas)
2. Immediate How comparable are data elements and definitions between
research various data sources and clinical trials?
question(s) Can patient reported outcomes be utilized to assess device
benefit?

How can stakeholder preferences be factored into the
benefit/risk assessment?

3. Stakeholders Regulators, industry, academia, payers, patient representatives
engaged from example device area and CRN component registry owner

representatives.

4. Existing Methodology illustrated using existing international registries
international and consortia such as ICOR, ICCR, ICVR, ICOBRA.
resources Stakeholder utility banks could be constructed and leveraged
leveraged for future device assessments.

5. Efficiencies Study results will indicate how to develop more efficient ways
promoted to assess data elements in various data sources including

patient reported outcomes and preferences.

Piloting PASSION/RAPID Global Case Report Form for Peripheral Vascular Devices
in International CRN as Infrastructure to Nested Clinical Trial

The MDEpiNet PASSION (Predictable and Sustainable Implementation of National)
Registries RAPID program successfully developed data collection tool consisting of 100
well specified Common Data Elements (CDEs) including the Device Identifier (DI) pf the
UDI and data elements from the US Global Unique Device ldentification Database based
upon IMDRF. Via transparent and well documented multi-stakeholder engagement this
effort has established the international infrastructure that can be used for both premarket
and postmarket clinical studies and surveillance.
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1. Disease/device Peripheral vascular devices (see the examples of proposed
focus priority areas)

2. Immediate research Can international CRNs be successfully used for nesting
question(s) clinical trials?

Demonstrate the ROI in utilizing the global case report form
and international infrastructure?

3. Stakeholders Regulators, industry, academia, payers, patient representatives
engaged from example device area and CRN component registry owner
representatives.

4. Existing resources Methodology illustrated using existing national or

leveraged international registries in peripheral vascular space
5. Efficiencies Study results will indicate how to develop more efficient
Promoted estimates for regulatory inferences.

938

939 Note: Examples of proposed priorities where international coordination could be helpful
940 include but are not limited to: anaplastic large cell lymphoma associated with breast
941 implants; safety of fenestrated and chimney abdominal aortic aneurysm devices;
942  hysteroscopic sterilization devices; differential revision rates associated with
943  exchangeable/modular necks for modular hip replacements and facilitation of nested
944  clinical trials in the area of peripheral vascular devices.

945
946
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