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Background: Previous safety issues involving medical devices have stressed the need for
better safety signal detection. Various European Union (EU) national competent authorities
have started to focus on strengthening the analysis of vigilance data. Consequently, article 90
of the new EU regulation states that the European Commission shall put in place systems and
processes to actively monitor medical device safety signals.

Methods: A systematic literature review was conducted to synthesize the current state of
knowledge and investigate the present tools used for medical device safety signal detection.
An electronic literature search was performed in Embase, Medline, Cochrane, Web of
science, and Google scholar from inception until January 2017. Articles that included
terms related to medical devices and terms associated with safety were selected. A further
selection was based on the abstract review. A full review of the remaining articles was
conducted to decide on which articles finally to consider relevant for this review.
Completeness was assessed based on the content of the articles.

Results: Our search resulted in a total of 20,819 articles, of which 24 met the inclusion criteria
and were subject to data extraction and completeness scoring. A wide range of data sources,
especially spontaneous reporting systems and registries, used for the detection and assessment
of product problems and patient harms associated with the use of medical devices, were
studied. Coding is remarkably heterogeneous, no agreement on the preferred methods for
signal detection exists, and no gold standard for signal detection has been established thus far.
Conclusion: Data source harmonization, the development of gold standard signal detection
methodologies and the standardization of coding dictionaries are amongst the recommenda-
tions to support the implementation of a new proactive approach to signal detection. The new
safety surveillance system will be able to use real-world evidence to support regulatory
decision-making across all jurisdictions.

Keywords: signal detection, safety surveillance, post-market surveillance, post-market data

sources, coding dictionaries, medical devices

Introduction

Signal detection is defined by the International Medical Device Regulators Forum
(IMDRF) as “The process of determining patterns of association or unexpected
occurrences that have the potential to impact patient management decisions and/or
alter the known benefit-risk profile of a device."

The aim of safety signal detection for medical devices is to promptly identify
risks associated with the use of a product.” Signals can be production related (eg,
a defective batch or a released series of batches) or linked to the design and/or use.
Signals can be identified during the pre-market surveillance phase using clinical
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trial data, or during the post-market surveillance phase
using post-market data sources. The decision of whether
a finding represents a “signal” and whether such finding is
subject to further investigation can be challenging.

For medicinal products, quantitative safety signal detec-
tion is followed by a signal validation process during which
the signal is verified to be real or not. This process is often
performed through careful case evaluation. Thereafter, sig-
nal prioritization is completed depending on the strength of
the signal, whether or not the signal represents a new find-
ing, the clinical importance and potential public health
implications, and the availability of preventive measures
to mitigate the adverse public health impact.?

After prioritization, the marketing authorization holder
together with the regulators has to decide whether addi-
tional risk minimization measures are needed to address
this safety issue.’

Although the signal management for medicinal pro-
ducts and medical devices are conceptually equivalent,
the legislation requirements are better described in the
pharmaceutical regulation®*® than in the medical devices
regulations. For the latter,

the guidelines defining

Table | Systematic Literature Review Methodology

requirements and giving practical advice on signal man-
agement are yet to be developed.

Recent safety issues involving medical devices have
highlighted the need to improve signal detection.” Various
European Union (EU) national competent authorities have
started to focus on strengthening the analysis of vigilance
data of medical devices. As a consequence, the new EU
medical device regulation was published; namely, article
90 that states that the European Commission shall put in
place systems and processes to actively monitor the data
available in order to identify trends, patterns or signals that
may reveal new risks or safety concerns.”

In this paper, we aim to describe aspects that influence
signal detection of safety issues related to medical devices
in order to identify gaps and provide recommendations for
optimizing signal detection approaches.

Methods

We performed a systematic literature review to identify
articles describing different aspects associated with safety
signal detection for medical devices (see Table 1). We
searched Embase, Medline, Cochrane, Web of science,

Step Inclusion Criteria Exclusion Criteria Number
of
Articles
Electronic Embase, Medline, Cochrane, Web of science, and Google Articles that did not include “medical device” or terms 20,819
Search scholar using terms that included “medical device” and attributable to safety (“signal detection” or “post-
terms attributable to safety (“‘signal detection” or “post- marketing surveillance” or “risk management”).
marketing surveillance” or “risk management”).
Restrictive | Any abstracts from the list of selected articles (20,819) Any abstracts from the list of selected articles (20,819) 996
Query with years ranging 2004-2017 (Jan-2004 through Jan- that did not include any of the following terms: “Signal”
Search 2017) and containing any of the following terms: “Signal” | OR “Adverse reaction” OR “Adverse event” OR “Injury”
OR “Adverse reaction” OR “Adverse event” OR “Injury” | OR “Malfunction” OR “Product problem”.
OR “Malfunction” OR “Product problem”.
Abstract Articles were included if the abstract review (996) Articles were excluded if the abstract review (996) did 45
Review contained any of the following items: “post-market safety | not include any of the following items: “post-market
data sources in medical devices” OR “signal detection safety data sources in medical devices” OR “signal
methodologies for medical devices” OR “medical device | detection methodologies for medical devices” OR
event coding dictionaries”. “medical device event coding dictionaries”.
Full-Text Articles (45) were reviewed and selected if the article Articles (45) were excluded if the article did not include | 24
Review included any information related to “medical device Post- | any information related to “medical device Post-Market
Market Surveillance (PMS) data sources” OR Surveillance (PMS) data sources” OR “Methodologies
“Methodologies used for signal detection for medical used for signal detection for medical devices” OR
devices” OR “Coding dictionaries for medical devices”. “Coding dictionaries for medical devices”.
44 submit your manuscript Medical Devices: Evidence and Research 2021:14
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and Google scholar using terms that included “medical
device” and terms attributable to safety (“signal detection”
or ”post-marketing surveillance” or “risk management”),
following Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines for sys-
tematic reviews. Appendix A outlines the strings that have
been used.

Due to the high number of articles that resulted from
the initial search, we decided to implement a restrictive
query search on the abstracts from the list of selected
articles in order to narrow down the selection. This restric-
tive query consisted of: any abstract with date range year
2004-2017 (Jan-2004 through Jan-2017) containing any of
the following terms: “Signal” OR “Adverse reaction” OR
“Adverse event” OR “Injury” OR ‘“Malfunction” OR
“Product Problem”.

Review of Articles

Following the query, all remaining abstracts were
reviewed. Articles were excluded if the abstract review
did not include any of the following items: “post-market
safety data sources in medical devices”, “signal detec-
tion methodologies for medical devices” or “medical
device event coding dictionaries”. Articles containing
the latter terms were included in the further study.
Subsequently, a full-text review was conducted for
each of the remaining articles. Articles were excluded
if they did not include any information related to “med-
Post-Market (PMS) data
sources” OR “Methodologies used for signal detection

ical device Surveillance
for medical devices” OR “Coding dictionaries for med-
ical devices”.

All remaining full-text articles were subject to a formal
evaluation to extract information on the following items
(articles that did not contain at least one of the following

items were excluded):

1. Type of PMS data sources on medical devices:
-Spontaneous reporting systems (SRS) are reac-
tive systems that contain reports on patient harms
and product problems collected from healthcare
professionals, patients, healthcare authorities and
manufacturers whether reported directly or

through published articles.

-A medical device registry is defined by the

IMDRF as an “Organized system with as 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 cov-
ers the population defined by exposure to parti-
cular device(s) at a reasonably generalizable
scale. (eg international, national, regional, and
health system)”"

2. Methodologies used for signal detection for medical

devices.

3. Coding dictionaries for medical devices.

Each article was scored 1, 2 or 3 points depending on
its content. The total score represents the sum of all three
topics; 1 point being attributed to articles containing one
of the three topics, 2 points being attributed to articles
containing two of three topics, and finally, 3 points being
attributed to articles containing all three topics. This score
serves as a measure of the articles’ completeness.

Following the author’s full-text review, KV conducted
a second review of the full-text articles. KV agreed with
the initial selection of the 24 articles, and the assigned
score based on the described inclusion and exclusion
criteria.

Results
Our initial search strategy identified a total of 20,819
articles (10,199 Embase, 8,374 Medline Ovid, 1,501
Web of Science, 545 Cochrane and 200 Google
Scholar). After applying specific search restrictions,
a total of 996 abstracts were identified. During the
abstract review, 951 articles were excluded, due to lack
of information on any of the three key contents: post-
market data sources for medical devices, signal detection
methodologies for medical devices and coding diction-
aries for medical devices. A total of 45 articles were
included for full-text review. During the review cycle,
21 articles were excluded due to the lack of information
on any of the three key topics. Details of the 24 remain-
ing articles are shown in Table 2.

Papers were categorized into two different categories:
11 review articles, and 13 studies (12 retrospective studies
and 1 prospective study). Completeness scoring yielded 13
articles with a score of 1, 11 with a 2 point score, whereas
no article scored a 3 point rating. Twenty-one articles
included information on post-market data sources of med-
ical devices, 10 articles included information on signal
detection methodologies for medical devices and 4 articles
included information on coding dictionaries for medical
devices (Figure 1).

Medical Devices: Evidence and Research 2021:14

submit your manuscript 45

Dove


https://www.dovepress.com/get_supplementary_file.php?f=278868.docx
http://www.dovepress.com
http://www.dovepress.com

Dove

Pane et al

D ‘o). | SIUAD BSIIAPE
‘D D ‘|InyD 9DIASP [BDIPBW JO sisA[eue
PERREIEN 0107 JoquiedaQg > 'Q ‘ewieys Apms ul 003 omawe.y uluoses.
| oN oN aseqeiep 3JANVI ‘S9A a1am suiodaa g| 01 6007 AJenuef 1107 | 204d dwAs nuuy iy O OMeD aAndadso.ioy [edodway e jo uonediddy
5,95EqEIEp
A1384ns deip.ed [enuaduod
Au4984ng dprIOY] JO
Aw10og ay3 Yam uostiedwod
PUE S32IASP JapPN|220
3 [ uf sohkely [eades uazagidwy Suiajoaul
Y ‘ezey SIUSAS 9S.I9APE IO} SSEqEIEp
g°a 2sualiadxg adnaq Ajdey
A1984ns deipaed FETTERIN] J9sM pue Jaunideynuely
LES| PUE 3ANVIW £00¢ dun[ og— 8ang T-a Apnas uopesiuwpy 8nig
| oN oN aseqeiep JANVIW ‘SSA ul suiodad 3y /T 2007 Adenue[ 600T oseAolp.eD) dedoy] [ ‘oulpJegiq aAndadsoiay pUE poog SN 3y3 Jo sisAjeuy
(4aoN paw.opad aq o1 'S Y Olusay vmx_u_._uu Jdomisu y173Q
-DDV) AnsiSay Jejnoseolpaed) spaau ||i3s Jey3 Apnis & ‘s ‘A|jpuuoq Apnas
JeuoneN s43ojoipeD Buissnosip Jaded 1107 42qwadsg 3 W Ausye aAndadsoud Kyayes 901A9p [BDIPOW
T oN V.1713Q ‘seA 40 989jj0D urdlBWY ‘s9A | SI SIY3 Ing payidads JoN - 0107 Adenuef 110T sfel) uD dwsiuo) ‘Q A IPIA J23uadnNL] | PaINGLISIP B JO UONEN[EAS Uy
‘g ‘uewudpnz
) ‘uewz|ag
'd
‘URwLIBWIWIZ
Suiuonounyjew > 9|92epodyS PUE JUSWISSISSE XS BundjIew
£6501 s=adl [ wnq -1sod paro.dwi oy ased
(saueidwr @-1yD pue 000'65¥ ‘Buluonounyew 1007 42qwsdeQg M ‘pemy Apnas 3y Aiqelja. 921A9p delpJed
| oN oN s@D|) smodau [enuue ya4 ‘san | §T6°I S=Q-LYD T6E'9ST -£00¢7 AJenuef 2102 Jay] [wy M Aise aAndadsouioy s|qeauejdwil jo sisAeue uy
d [ epzoq
[ ‘uolrely
S Ied 5 8unJodau JuaAs asaApe
‘] “ojke| pajewoine jo 3o)id Aiqisesy
[ ‘yoroy paiioddns-uonensiuiwpe
(a L 7 ‘uslrg 8nuQ pue poo4 e jo 1ioday
-431SYV) sed1eq Joj Sunuoday ‘q “4aa :s901A9 10} Sunaoday IusAg
| oN oN Pa.98314] JUSAT ISIDAPY ‘SIL VN VYN 910T Bugup [ 11 ‘pey BP1IE MIIADY Pa.a8811] JUSAS 3SI9APY
s9dIAeQg
ed1pa)y 40} s931A9(Q [eI1Pa syioday jo soquinN
103§ Areuondiqg 40y A3ojopoyiapy $321A9Q [edIPa 40 sjuedpnaegd uonedl|qngd
ssauayajdwo) Suipop uonda3a(q [eusis $924n0§ B3R IN|Je|-IS0q Jo uaquunN pouad Apmg Jo Jeay euinof sioyny apPRIY jo apIL

S92y PII3[S T Y3 JO SONSIISIDEIRYD) T d|qeL

.14

Evidence and Research 2021

Medical Devices

submit your manuscript

46

Dove


http://www.dovepress.com
http://www.dovepress.com

Pane et al

Dove

(ponupuon)

vaid ‘adl

VAP I *ol1092y
‘QIWONS WTDW
PWwomnnQ ‘wooquasung

Jusned DWW 41 SUIIPALY Yam

OSl| pue vad “$INvOVY ‘auiureyIop patedwo) sa21A9Q [e21PaLY

‘wajqo.d ‘ONOFUNIT YVYVOIS ‘VIHW ‘W d ‘Bwojop a|quaue|dw| 2AndY-UoN

39npodd ‘ssp ON ‘NNSAIW ‘IANVI ‘SeA VYN VYN L10T Aiges 3nug [ ouey 3211B MIIADY Jo 3|yo.d A19yeS ay1 Sunenjeay

o_mucwEtmamv

SIUSAD [+ “spaoayds AouaBiaws wouy

(SSIIN) W1sAg ddue|jIoAINg 9SJ9APE PaIBIDOSSE 0007 dun d 'L ‘ssou Apnmas SIUSAD 9SJOAPE PaIBIDOSSE

oN oN Aanfu] o1uoa13[3 [RUOREN ‘SO —92IA3p [B2IPAW G6E°0| ysnoay gge| AInf 00T PO Addd [ wy g ‘ugeH aAndadsouioy -921A9p |BJIpaW JO SAIBWINST
“1°Q ‘sokeHq
‘W' ‘PHDIW

W T fusulEY 22199*

spes| Joe||liqyap g 'q “awesy| AINS A39fes pajewolne

J9349A01p.Jed 3|qeaueidwi 8007 JaquadaQ 'Y d ‘Uewpaliy ue 3uisn dIA3P JB|NISBAOIP.ID

24n23g ou3end pue spes| 01mend Jaun sawoxanQ 'S v ‘wEBny Apms s|qeauejdwi Bujuriopiadispun

z oN Vv1713Q ‘seA sijopl4 3ulidg jo aseqerep ‘sox S/91 PuE sI3pl4 SE0| 100T J42qwiaAoN 10T [end) dseAOIpIED) 241D D Y Yasney aAndadsonay UE jO UoRdaIap Alieg
‘q Iqeq

-deuliely m_Ewumxm SunJoday 9d1A9Q

'3 ‘mouuly [e21pal UoREBISIUIWPY

d ‘JeRyds 8nuQ pue pooq

'V Y ‘UeAjng SU3 Ul SIUSAS 9SJIOAPE palE[RL

'Y '@ ‘soued qUyep-I93JaA01pIRd

(SdOW) Jes 3nuq ‘a N ‘Z43H a|qeauejdwy jo uonda3ap [eusis

T oN ueisaAeq - YdQ ‘SeA aseqeiep JANVIW ‘SSA VN VN 10T |olwspideosewaeyy | *H ‘eenddng 9o1Je MaIARY | oy sisAjeue Ajjeuopodoadsiq
VD

‘ueliadaly 2, SIsAjeue

866-21d VW ‘ueuang JIBWaISAS Ul 3SBQRIRP [RJDPD)

(s4enbsiyd) 671 Pue 7oog u! aueidu 84ng 53N peaH Y Apnmis jo Ayjian :suone

z oN aspuanbaly fydq ‘soA aseqeiep JANVIN ‘SOA 13|20 UO SIURAD 59 00T PUE 866| 94d 5002 Jo8ukiej010 Yoy ‘efeskquie] aAndadsouioy Jueidwi Jes|yo0D
3 "W Auayely
1S
‘puewIoN

‘q “iqeq 7S9OIASP IBNISBAOIP.IED

-DRULIB| paro.dde jo sjeudis

Ansidaa saJnpadoud £Jeuouod £10T 42903120 d 'L ‘ssou Apnmas Aiayes aunpadcoud 1sod 1d939p

z oN V.113Q ‘seA fasedoiBue snasnydessel, ‘san [BUOIIUDAIRIUI /TH'YL - £00¢ |udy 010T J0ssy pajy wy [ 'S 4 “lusay aAndadsouioy 03 9DUE||I9AINS PAIBWOINY

47

submit your manuscript

14

Evidence and Research 2021:

Medical Devices

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Pane et al

gguueasau

24mny 1oy suopsaddns
pue s8uipuy jo Asewwns eiep
aAnensiuiwpe Suisn sawo3IN0

yajeay Suikjuapi Joy

Jes 8nug ‘WY SPOYIDW P3IEBPI[BA JO SMIIAD.
| oN oN 2.JIP3J ‘SIA VN VN 10T |olwapidaoseurieyq ‘ueyeuse) 3111B M3IASY J1BWRISAS S,[2UNUIS-IUI
_mn_:o\_mu BunpjIoAA oI
|eudis A1ojes urIsaAeg V|Q
H ‘el a3 jo 1loday v :seseqeieq
‘H ‘nq SunJoday snosueauodg
uond>a1ap [eudis A ‘M wo.y sjeudis Avjeg
o} spoyIaW $3qLIISIP D 7L ‘Bnsky Apnmis JO Uond3IQ 0} JIPISUOD
| ON JBY] 9[211JE MIIADI ,mw* ON _Uwc._uw&m ION _Uwc_uw&m 10N S10T RS _JWNM Aouu| Jay ] TV ,U_JOO ®>_uuw&mOLuwM 03 sanss| pue spoyialy
D [ 8D
‘3| ‘uossaSoy
D Y U9ISGIAA (A9 pue 3feS “Elfe.IsNY
| °N °N VOL ‘s3A VN VN z1ot asny [ pa ‘D Y PO 3pPRJIE MIlAY Uy uone|ngaa 3JIASP [eIIPaLY
£ UNSPAN
y8nouys sauswaroidwi
pue 8un.oda. snosuejuods
| °N °N NNSAIW ‘seA VN VN 010z [yur 8nag ‘W umsQ 311Ie MIIAY 9DIASP [BIIPAW YUM SaNss|
™' ‘WPrain
'y 4a3nQq ogUPBas pue sonoeud 4oijod
s21A9p [e218.NS pue ‘g ‘ssoy 10y suonedldw| :sad1A9p
[ed1paw Joj sai8are.ns d ‘xnoya [e2134ns pue [edIpaw o}
9DUE|[IPAINS 1)IeW ‘W ainbown $913918.135 9OUE||I9AINS ID|IBW
| oN -1s0d [ewndo ‘sag oN VYN VYN £10T Jes [end (g 'V ‘paedeny JP1IE MIIADY -1sod jewndo Suikynuap)
,15921A3p paseq
W W WERIAY -A8Jaus pue ‘sedunos 1y
WY ‘sase| Yam suonedljdwiod
| °N °N 3ANVIW Vad ‘seA VN VN S10T Pl 3.ng ssase] BURWAIL | 3]PIIE MIIADY uo e1ep 3ANVIW vad
sapo) 2695 221A3P [eIIPAW YoM
wajqoud pajeiosse swajqoad jusned
U9A3 a PUE 9DIASP JO UOREDYISSE|D
3513ApY Jouyss) “IATy-Uewyney sy BuizipJepuelg :s9pod>
| Va4 ‘ssA oN oN VN VN 0102 wnJisu| pawoig “1°L ‘pedy 311IR MIlASY wojqo.d 3UusAS 9s49APE VY4
sad1A0Qg
ed1pa)y 40} s931A9(Q [eIIPa syioday jo JoquinN
24025 Aieuondiq 403 A3ojopoyzspy S921A9(Q [edIPa 40 syuedpiaeg uonedljqng spRIYy
ssauajajdwo) Buipop uoid93aq [eudis $924n0§ ejeq IN|IE-IS0d Jo JaquinN pouad Apmig Jo Jeap leuanof sioyny Jo adAy 32134y Jo IPIL

"(panunuo)) z 31qeL

.14

Evidence and Research 2021

Medical Devices

submit your manuscript

48

Dove


http://www.dovepress.com
http://www.dovepress.com

Pane et al

Dove

eay-a

pue auedypesH | "N ‘sbieJeyijed
wiyaioSe Sulydrew (SVdIAIAIW) ul 95uadijjPau) ‘N ‘soye.zeiny mb&mm juaney pue
Anus poyraw Aiajes juaned pue Jeuoneandwo) uo v 2due|IBIA S9N 10} WRISAS
ON dJelIBARINW ,mW} mu:m__w_\/ $221A3Q e3P .wN} YN VN 10T EJ_MO&E%W 3331 ¥10T ‘m_v_NECm_W__MD 32114E MIIARY [ed1paly UQ\AUOUOL& € SpJEMO]
me_u_c:u‘_on_n_o
42129594 PUE ‘SSOUDAIIIDYD
1505 ‘quawaAoidwi
Aenb “A1sges usned
salnsidaa aueidwi opadoylio Apnas uo 109y :salnsIZaa Juejdwi
6-ADI ‘oA oN SUBUBWLIRY JBSIEY ‘SIA pauonusw 10N pauonusw 10N 10t [ waay M 3 ‘uoixey aAndadso.nay 9luUsUBWLIRg Jasiey| 3y |
'S 4 lusay
'S ‘'suiqqoy
'S “A|lpUuoq
1S
‘puewioN
o ‘odon
‘g d ‘Yeus
"H ‘UBWPEAA
DL £2OUB||I2AINS
‘3uowaly A1oes 921A9p JE|NdSEAOIP.IED
M Y YA 19djew-1sod pajewolne
2107 4oquedag 1) Y ‘oH paanquiasip jo Apnas suomisu
(YADN) AnsiSay ereg y3noays sswomnQ 3 W Ausyiely Apnas sisAjeuy pua.] [euipnaiSuoT
oN V.1713Q ‘seA IB|NDSBACIP.IED) [BUOIIEN| ‘SOA s95BD |Dd EEE'ET 8007 AJenue[ S10T [end dseAolpJED) 241D 'y dewny| aAndadso.nay pue uonde.IX3 'R Y|
D hein
D suwg
sisAjeue -uosJapuy 0z22UElIIPAINS
ujod a3ueyd ‘poyrew Jes 3nuq ‘L ‘INOH-ssey 39 ewnsod up sisAjeue juiod
oN SBLIBARINW ‘S9A JANVIW Va4 ‘seA VN VN S10T |olwapidaooew.reyy “Z ‘X JpnIE MaIADY a8ueyd Buisn uondaIap [eudis
EX
‘19QUUIAA
W s ‘daeys §SWIEP> a.Ed1paw
100T “4oquiaAoN | € AV ‘ueidey Apms 8uisn s9dIA9p [EDIPAW
6-ADI ‘e oN aJedIpa)y ‘s9p 6b0'€T pue Arenigay | S00T BV Ya[esH TQ ‘®juspe aAnoadsony Jo @dug||IRAINS Bupedrewlsoy
W uund
W3
‘uo1sa|883
‘S ‘uswRRY|
o3 & Bundodal vay
sdaquiaw Ajiwey ‘UBLUZIIDAA [euonipe.3 03 Juawa|dwod
0 sI9AIZa.eD JI9Y) puE S3I9qERIp SIUDAD N ‘Spel
yum sjdoad jo Anunwiwiod 9SJ9APE G/ ‘DIASP YIM 7107 J2quirdag J0ssy ‘W ‘9qeNPIW Apms :A39fes 9IA9p s239qeEIp
oN oN Sup|JomIaU [BIOS BUIUO ‘B sjuaned s919qRIp 6h 01 10T 1290320 ¥10T sopewLIoju] pajy wy [ ‘a " ‘IPuel aAnoadso.iay J0 dug||IvAINS Aloredidned

49

submit your manuscript

14

Evidence and Research 2021:

Medical Devices

Dove


http://www.dovepress.com
http://www.dovepress.com

Pane et al

Dove

Electronic Database Search
(n=20,819) (Embase=10,199,

ELECTRONIC SEARCH

Medlive Ovid=8374, Web of

Science=1501, Cochrane=545 and
Google Scholar=200).

RESTRICTIVE QUERY SEARCH

ABSTRACT REVIEW (e

FULL-TEXT REVIEW

INCLUDED

Review

Removed duplicates (n=8,653)

Supplemental restriction on the abstracts:
-Date range: 01Jan2004-31Jan2017

-Any abstract that contains any of the
following words: “Signal” or “Adverse

reaction” or “Adverse event” or “Injury” or
“Malfunction” or “Product problem”

11,170 papers excluded as not relevant

(n=996)

951 papers excluded as not relevant

Full-Text Review (n=45)

21 papers excluded as not relevant

24 papers met the inclusion criteria

Figure | PRISMA flow diagram outlining all steps for the inclusion of articles in the review.

PMS Data Sources

Of the 21 articles including post-market data sources, 12
articles discussed SRS (one of the articles also included
information on medical device registries), 9 articles dis-
cussed medical device registries (one of the articles also
included information on SRS) and 1 article described
a Non-Standard Data Source.

Of the 12 articles including different SRS, the following
SRS were discussed: FDA MAUDE database (US), TGA
DAEN database (Australia), the future European Databank
on Medical devices (Eudamed) (EU), MHRA database
(UK), MEDSUN database (US), Adverse Event Triggered
Reporting for Devices (ASTER-D) (US), MEdical DEvices
Vlgilance and Patient Safety (MEDEVIPAS) (Greece), and
the National Electronic Injury Surveillance System (NEISS)
(US)’ 2 (see Table 2).

Of the nine articles including registries, the following
were discussed: American College of Cardiology’s
National Cardiovascular Registry (US), Massachusetts
Angioplasty (US), Kaiser
Orthopedic  Implant  registries  (US),  National
Cardiovascular Data Registry (NCDR) (US), database of

Registry Permanente

Sprint Fidelis and Quattro Secure implantable cardioverter
defibrillator leads (US), Swedish Coronary Angiography
and Angioplasty Registry (SCAAR) (Sweden), European
Registry of Quality Outcomes for Cataract and Refractive
Surgery (EUREQUO) (EU),
Association National Joint Replacement
(AOANJRR)  (Australia), Data  Extraction and
Longitudinal Trend Analysis (DELTA) Registry (US),
and Medicare database (US claims database constituting

Australian  Orthopaedic
Registry

a person-specific registry of medical histories recording
the use of all hospital services that are eligible for pay-
ment, including use of medical devices)'*?'?® (see Table
2). One article described a non-standard data source,
namely, an online social networking community of people
with diabetes and their caregivers or family members. This
diabetes safety network captured data entered by patients
in apps (see Table 2) and contained patient case reports of
medical device events.”

Signal Detection Methodologies
Ten articles described safety signal detection methodolo-
gies for medical devices, four articles discussed signal
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detection methodologies applied to SRS,”'*!'*2° four arti-
cles discussed signal detection methodologies applied to

registries,>> 2*2°

and two articles discussed optimal signal
detection methodologies for medical devices without
applying the methodology to a specific type of PMS data
source.’?! No articles associated with signal detection
methodologies applied to non-standard data sources were
identified.

Of the four articles using signal detection methodolo-
gies applied to SRS, two articles discussed disproportion-
(DPA) methodologies

and two articles discussed multivariate

ate analysis
12,19

(Frequentist and
Bayesian),
methods (change point analysis and entity matching
algorithm).”?® Of the four articles that included signal
detection methodologies applied to registries, all four arti-
cles discussed methodologies associated with the Data
Extraction and Longitudinal Trend Analysis (DELTA)

22242
network. 26

Coding Dictionaries

Of the four articles that included information on coding
dictionaries for medical devices, different dictionaries
and nomenclatures were used, namely, FDA codes and
International Organization for Standardization [ISO],
IMDRF codes for product problems and investigation
results, and Systematized Nomenclature of Medicine-
[SNOMED CT], MedDRA ,

Clinical Terms

Table 3 Available PMS Data Sources for Medical Devices

International Classification of Diseases [ICD], FDA
Patient Problem and IMDRF Patient Codes for patient

outcomes. ' +23-27:32

Discussion

From this review, it is clear that spontaneous reporting
systems and registries are primarily used for the medical
device safety signal detection. Coding is remarkably
diverse, no agreement on the preferred methods for signal
detection currently exists, and no gold standard for signal
detection has been established thus far.

The main publicly available SRS are the FDA
MAUDE (US), TGA DAEN (Australia) and the future
EU Eudamed (EU)*® (see Table 3; available PMS data
sources for medical devices). The organization and content
of each SRS varies, some are based on voluntary reporting
and others on mandatory reporting, and usually track sus-
pected medical devices, suspected patient harms or pro-
duct problems, and patient data collected in a centralized
and structured format."?

Per our literature review, the identified SRS are orga-
nized based on the relationship between medical devices
and events. The data is available for assessment and

database 11:12:16.17.21

located in a repository or
Nevertheless, SRS suffer from different limitations includ-
ing: lack of harmonized global standard data set for report-

ing which makes integration of data from different

Type of Available PMS
Data Source

Database

Spontaneous Reporting

Systems® 20

MAUDE (US, FDA), DAEN (Australia, TGA), Eudamed (EU, EC)

P — 7
Reglstrles 14,21-24,26,2

(Brazil), AOANJRR (Australia)

(Japan),
Ophthalmology: EUREQUO (EU)

Orthopedic: NJR (England, Wales and Northern Ireland), CJRR (Canada), KPOR (US), LROI (Netherlands), RNI

Vascular: VQI (US), AVA registry (Australia and New Zealand), NVR (UK), JREAR (Japan)
Cardiac: SCAAR (Sweden), J-PCI (Japan), Cath-PCI (US), the US TVT (US), Japanese TVT (Japan), JACVSD

Non-Standard Sources?’

Safety networks: diabetes device safety network
Social networks: twitter, facebook, instagram, LinkedIn

Software devices: data entered by patients in mobile applications

Abbreviations: MAUDE, Manufacturer and User Facility Device Experience; DAEN, Database of Adverse Event Notifications; TGA, Therapeutics Goods Administration;
FDA, Food and Drug Administration; EU, European Union; EC, European Commission; NJR, National Joint Registry; CJRR, Canadian Joint Replacement Registry; KPOR,
Kaiser Permanente Orthopedic Registry; LROI, Dutch Arthroplasty Registry; RNI, National Implants Registry; AOANJRR, Australian Orthopaedic Association National Joint
Replacement Registry; SCAAR, Swedish Coronary Angiography and Angioplasty Registry; VQI, Vascular Quality Initiative; AVA, Australasian Vascular Audit; NVR, National
Vascular Registry; JREAR, Japanese Registry of Endovascular Aneurysm Repair, abdominal and thoracic; PCI, percutaneous coronary intervention; TVT, trans-catheter valve
therapies; JACVSD, Japan Adult Cardiovascular Surgery Database; EUREQUO, European Registry of Quality Outcomes for Cataract and Refractive Surgery.
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databases challenging,'*** difficulty to determine root
causes for individual events conclusively due to limited
information and no access to the actual device, with a large
part of investigation results being inconclusive,*> missing
and incomplete data that impacts the evaluation of the
case, underreporting due to different reasons including
lack of time, uncertainty about the medical device causing
the adverse event, difficulty in accessing reporting forms,
lack of awareness of the requirements for reporting, and
lack of understanding of the purpose of SRS,*® and over-
reporting where medical devices with well-known adverse
event/product problems are more likely to be reported
based on influence from media coverage — the so-called
notoriety bias.*’

Despite SRS being a standard and required source for
signal detection, we identified that medical device registries
are important for signal detection as well and may also be
used for risk quantification. Registries typically contain
valuable information such as medical device information,
diagnoses, medications, medical narratives and surgical
interventions. Unlike spontaneous reports, medical device
registries are not restricted to patients experiencing medical
device product problems or patient harms. Therefore, med-
ical device registries data provide some advantages that can
be used to complement the more traditional PMS data
sources (SRS), particularly the possibility to perform active
PMS. In our literature search, we found that some retro-
spective studies have demonstrated the feasibility of an early
warning detection system using medical device registries.
For example, it has been demonstrated that the fracture of
the Fidelis implantable cardioverter defibrillator (ICD) leads
that caused inappropriate ICD shocks could have been
detected much earlier if a medical device registry would
have been created.'**

Our literature review identified different types of meth-
odologies (depending on the type PMS data source used)
that can be applied to calculate reporting associations for all
medical device-event combinations. Disproportionality ana-
lysis (DPA) was used as the main signal detection method
for SRS — some used frequentist and other Bayesian
approaches.'>!” These methods are well established for
signal detection in drug safety. For complex types of SRS
analysis, multivariate approaches have been proposed:
change point analysis®® or entity matching algorithm.’
These are not yet used for medical device safety signal
detection. Methods applied to medical device registries can
be categorized into those based on modified DPA ported
from spontaneous reporting, and those based on the DELTA

network methodology.?* Signal detection methods applied to
medical device registries based on the Data Extraction and
Longitudinal Trend Analysis (DELTA) network are consid-
ered automated safety surveillance tools that can compe-
tently support the detection of new potential post-market
safety issues,'> complementing existing signal detection
strategies and providing an additional tool to evaluate the
safety of marketed medical devices.?®

Our literature review demonstrated that different types
of coding dictionaries used for medical device signal
detection currently exist; for patient harms, product pro-
blems and evaluation/investigation codes (methods, results
and conclusion of the investigation). These coding systems
are very heterogeneous. We conclude that there is a lack of
standardization of medical device event coding across
different jurisdictions. Furthermore, no mapping between
some of the coding dictionaries currently exists. This issue
could eventually delay the timely generation of safety
signals associated with a medical device event reported
in jurisdictions using different event coding dictionaries
without an appropriate event code mapping.

Recommendations

Based on the analysis of the current literature on safety
signal detection for medical devices and their limitations
we have developed some recommendations (see Table 4):

PMS Data Sources: Defragmentation and

Harmonization
Currently different national SRS exist; however, no global
database to access spontaneous reports on medical devices
has been introduced. The inconsistency in post-market
reporting requirements between regions leads to different
levels of completeness that makes a comparison between
different SRS databases challenging. The most significant
one is adverse event reporting exemption applications in
the EU (amongst other exemptions, expected side-effects
are not reportable in EU but subject to event trending,” in
Canada®® and Australia,'® however, no exemptions are
applicable in the US*?). Together with the standardization
of SRS databases, harmonization of reporting criteria is
needed. Otherwise, it will not be possible to identify
signals from the National Competent Authority (NCA)
SRS databases globally when some datasets completely
exclude certain types of spontaneous reports.
A multicomponent global database including reporting by
manufacturers, clinicians

and patients collecting

52 submit your manuscript

Dove

Medical Devices: Evidence and Research 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Pane et al

Table 4 Limitations and Recommendations on Improving the Signal Detection for Medical Devices

Limitation

Recommendation Owner

PMS data sources: SRS: Lack of a global database of

defragmentation and spontaneous reports and lack of

harmonization harmonization of required data set and

reporting requirements across jurisdictions.

SRS: Creation of a global database of medical | IMDRF, HAs, WHO
device spontaneous reports from national/
regional databases to maximize the potential
of data captured in Spontaneous Reports
Databases.

SRS: Define a common standardized data set
for reporting individual device cases to be
able to link global data, and develop
consistent reporting requirements across
jurisdictions to ensure the same type of
reportable spontaneous reports are received

globally.

device registries

Registries: Lack of harmonization of medical

Registries: Harmonization of registry IMDRF, HAs, WHO
networks by using the international
Coordinated Registry Network (iCRNs).
Registries: Define common data elements to

be able to link the data.

events categorized as “no code available”.

Agreement on signal There is no gold standard for the Develop guidance on gold standard IMDREF, HAs
detection methodologies used for medical device signal | methodologies used to mine data from the
methodologies detection. different types of PMS data sources.
Standardization of Lack of harmonization and consistency of Coding harmonization across all HAs
coding dictionaries event codes used for patient harm, device jurisdictions. IMDRF coding dictionary
problem and device evaluation codes. should be the gold standard used for coding
purposes. HAs should adopt this new coding
dictionary or map their national coding
dictionary to the IMDRF coding.
IMDRF codes are very high level with many | Develop IMDRF coding guidelines classified IMDRF

by therapeutic area, and additional IMDRF
codes to increase specificity, when
appropriate.

IMDREF needs to ensure maintenance of the
IMDRF coding dictionary, and establish the
right balance between having meaningful
event code categories but not too much

granularity.

Abbreviations: HA, Health Authority; IMDREF, International Medical Device Regulators Forum; PMS, Post-Market Surveillance; SRS, Spontaneous Reporting Systems;

WHO, World Health Organization.

spontaneous reports on adverse events related to medical
devices, should be established for the assembly of all
medical device reports from all National Spontaneous
reports databases. The analysis of the collected data can
then be performed by region or by country.

In addition, harmonization of medical device registries
databases is recommended. This harmonization could be
established by using the international Coordinated Registry
Network (iCRNs) to maximize the potential of information

collected in the international registries." The International

Consortium of Orthopedic Registries (ICOR) is a good exam-
ple of the effective use of a distributed safety data system with
harmonized data definitions and data extraction followed by
evaluating the data using innovative methodology across mul-
tiple national orthopedic registries. This decentralized struc-
ture system helps overcome issues related to security,
operations, legal, and those related to patient privacy.*’

In order to link and potentially merge the data received
from the different PMS data sources (SRS or registries), it

is also recommended that guidance on common data
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elements and a common standardized data set for reporting
individual device cases are developed (both for SRS and
registries), and adopted by the different stakeholders
involved in the process of collection and extraction of
safety data for signal detection purposes.

Agreement on Signal Detection
Methodologies

At this time, there is no agreement on the preferred meth-
ods for medical device signal detection for each of the
different PMS data sources (SRS, registries and nonstan-
dard data sources), and thus no gold standard has yet been
established. IMDRF and Health Authorities should work
together to develop guidance on gold standard methodol-
ogies that should be used to mine data from the different
types of PMS data sources (SRS, registries and nonstan-
dard data sources).

Standardization of Coding Dictionaries
To ensure more efficient signal detection we recommend the
global adoption of the IMDRF coding dictionary by all
Health Authorities. All the existing coding dictionaries will
need to be mapped to the IMDRF coding dictionary to allow
for an efficient system of signal detection for medical
devices. Taking into consideration that IMDRF codes are
very high level with many events falling in the “no code
available” category, we recommend IMDRF to develop
a more granular level of coding developing additional
IMDREF codes to increase specificity, when appropriate. In
order to ensure consistency when selecting the appropriate
codes, we also recommend the development of IMDRF cod-
ing guidelines classified by therapeutic area. IMDRF needs
to ensure the maintenance of the coding dictionary, and
establish the right balance between having meaningful
event code categories while avoiding too much granularity.
To ensure successful implementation of this new system,
a global harmonized system for Unique Device Identifiers
(UDIs) needs to be implemented, the UDIs need to be con-
sistently assembled within PMS data, and all stakeholders
need to ensure a continual use of the SRS and registries,
including UDIs. The establishment of a global medical device
identification database will aid in accomplishing this objective.
The identification of devices during the signal detection pro-
cess will continue to be a hurdle until the UDI is standardized
and widely utilized for some time. This is a long-term goal
because it involves significant policy change. Active

collaboration and support from all stakeholders will ultimately
lead to the success of these recommendations.

Developments in Recent Years

PMS Data Sources

Recent research emphasizes that the underlying data
received from the PMS data sources need to meet high-
quality standards to ensure a timely safety signal gen-
eration. The authors of a recent case study describe
PMS data as one of the main important publicly avail-
able SRS for medical device safety signal detection:
FDA MAUDE.* This research outlines that the com-
pleteness and the quality of the spontaneous reports in
FDA MAUDE can be improved. The authors, further-
more, highlight the difficulty to determine root causes
conclusively for individual events due to limited infor-
mation, and no access to the actual medical device, with
a large part of investigation results being inconclusive.
Amongst others, it is recommended to address these
challenges by considering the possibility of enriching
FDA MAUDE PMS data with data from active PMS
data sources such as medical device registries. In order
to be able to link the registry data with the spontaneous
reports, common standardized dataset including UDI
should be created.

Signal Detection Methodologies

The developments regarding the applicability of new
methods to the safety signal detection of medical devices
have been a wide research topic over the past few years.
The research in the area of passive safety surveillance (the
data-mining methods used for disproportionality analysis
of medical device—adverse event combinations from SRS)
has become a main research focus area.

Recent developments associated with the signal
detection methodologies used for medicinal products
have been applied to medical device signal detection;*!
for example, the likelihood ratio test (LRT) method that
is applied to perform passive safety surveillance of med-
icines has now been successfully used to perform passive
LRT is
a frequentist method based on multiple 2x2 tables. It

safety surveillance of medical devices.
compares the reporting rate of different adverse events
for a given drug or medical device of interest. The LRT
method has successfully been applied for safety signal
detection purposes to medical device SRS, and can also
be used as spatial-cluster signal detection for an adverse

event of interest from medical device registries and other
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databases that have patient-level geographical informa-
tion. Moreover, the LRT method was compared to other
frequentists and Bayesian methods, and found to be the
most conservative method when evaluating the total
number of detected safety signals, given its ability to
control for false-positive safety signals.****

A big effort has been made in developing signal detec-
tion methods for medical device safety signal in passive
safety surveillance. However, challenges still exist for the
development of new active surveillance methods (statisti-
cal signal detection methods for medical device registries,
and other longitudinal databases) for monitoring the safety
of new medical devices over time. In medicines, this effort
is currently being undertaken by the Observational
Medical Partnership (OMOP) and FDA
Sentinel Initiative:

-OMOP: The OMOP is a public—private partnership
involving the FDA, multiple pharmaceutical companies

Outcomes

and healthcare providers. OMOP conducts methodological
research on active drug safety surveillance by evaluating
the performance of safety signal methods and their ability
to identify true drug-adverse event associations. OMOP
established a common infrastructure to collect different
types of observational data from post-market data sources
around the world, and successfully developed and imple-
mented a large-scale signal detection methodology applied
to medicines.**

-FDA Sentinel: The FDA Sentinel is an active surveil-
lance program that was established in the US with the
long-term objective to create a national electronic system
for PMS of FDA-regulated medical products (drugs, vac-
cines, biologics and medical devices). Over time, Sentinel
has developed the largest multisite distributed database in
the world dedicated to medical product safety. This new
approach can help public health officers (who depend on
passive surveillance tools lacking in denominator informa-
tion, ie, patient exposure data) in detecting safety signals
related to medicines and medical devices, and therefore
aid in the accurate comparative assessments of safety
risks.*’

The application of these methods in medical device
safety signal detection may have the ability to address
some of the challenges associated with active safety
surveillance of medical devices. Further research is
required to evaluate the potential applicability of these
two initiatives to active safety surveillance of medical

devices.

Coding Dictionaries

There have also been some initiatives to address some of
the challenges associated with adverse event coding for
medical devices. An IMDRF project has worked on link-
ing IMDRF codes and MedDRA codes.*® Moreover,
IMDRF has also developed the IMDRF adverse event
terminology maintenance plan; a document describing
how to add, modify or delete adverse event terms to the
IMDRF coding dictionary.*” Although these projects have
the potential to address some of the identified challenges,
some work still needs to be completed. The development
of IMDRF coding guidelines by therapeutic area, and the
creation of additional IMDRF codes to increase the gran-
ularity of the IMDRF coding dictionary are crucial to
enhance the current adverse event coding for medical

devices.

Conclusions

We have shown that a wide range of PMS data sources,
coding dictionaries and signal detection approaches are
available for the detection and assessment of medical
device problems and patient harms. Each of them offers
unique opportunities that together can contribute to devel-
oping standards for robust, consistent and improved signal
detection for medical devices.

New detection methodologies have been developed
to utilize data that has not been used in the past, allow-
ing for the introduction of new proactive models of
medical device surveillance. Despite the increasing evi-
dence of the benefits of medical device registries for the
purpose of signal detection, spontaneous reports will
remain a key data source of post-market device data
and therefore a relevant source of potential signals.
Standardized methods applied to similar data sources
will be required. Data quality and coding harmonization
will need to be improved and the UDI system will need
to be fully implemented to benefit from the potential of
proactive systems for the safety evaluation of medical
devices. In order to succeed, all stakeholders involved in
the PMS system must actively support each other and
collaborate. This system will use real-world evidence to
support across  all

regulatory  decision-making

jurisdictions.
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