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ABSTRACT

Introduction Transvaginal mesh devices are approved
in the USA by the Food and Drug Administration (FDA),
through the 510(k) system. However, there is uncertainty
about the benefit to harm balance of mesh approved

for pelvic organ prolapse. We, therefore, assessed the
evidence at the time of approval for transvaginal mesh
products and the impact of safety studies the FDA
mandated in 2012 because of emerging harms.

Methods We used FDA databases to determine the
evidence for approval of transvaginal mesh. To create a
‘family tree’ of device equivalence, we used the 510(k)
regulatory approval of the 1985 Mersilene Mesh (Ethicon)
and the 1996 ProteGen Sling (Boston Scientific), searched
for all subsequently related device approvals, and for the
first published randomised trial evidence. We assessed
compliance with all FDA 522 orders issued in 2012
requiring postmarketing surveillance studies.

Results We found 61 devices whose approval ultimately
relied on claimed equivalence to the Mersilene Mesh and
the ProteGen Sling. We found no clinical trials evidence
for these 61 devices at the time of approval. Publication
of randomised clinical trials occurred at a median of 5
years after device approval (range 1-14 years). Analysis
of 119 FDA 522 orders revealed that in 79 (66%) the
manufacturer ceased market distribution of the device, and
in 26 (22%) the manufacturer had changed the indication.
Only seven studies (six cohorts and new randomised
controlled trial) covering 11 orders were recruiting
participants (none had reported outcomes).

Conclusions Transvaginal mesh products for pelvic
organ prolapse have been approved on the basis of weak
evidence over the last 20 years. Devices have inherited
approval status from a few products. A publicly accessible
registry of licensed invasive devices, with details of
marketing status and linked evidence, should be created
and maintained at the time of approval.

INTRODUCTION

Implantable devices, such as non-absorbable
polypropylene mesh (‘mesh’), are used for
surgical treatment of pelvic prolapse and
stress urinary incontinence. While evidence
suggests that mid-urethral slings are safe

Strengths and limitations of this study

» We searched a variety of Food and Drug
Administration (FDA) summary database providing
listings of all FDA 510(k) device clearances since
1976.

» Weidentified all FDA-522 postmarketing surveillance
orders for mesh products issued in 2012.

» Searching the latest Cochrane review on Mesh
allowed data to be extracted from all of the
published randomised controlled trials comparing
transvaginal grafts versus traditional native tissue
repair in women with vaginal prolapse.

» Although we searched extensively for mesh-
approved devices, we will have failed to identify
some products, especially those that may have been
withdrawn from the market.

» The lack of a publicly accessible registry of licensed
invasive devices with details of marketing status
and linked evidence prevents accurate assessment
of current status for many implantable devices.

» We were unable to scrutinise the European approval
system due to its lack of accessibility. The lack of
European approval evidence prevents meaningful
comparison between the European and US
regulatory systems.

1
% there have been concerns

and effective,
about the safety of transvaginal mesh used
for managing pelvic organ prolapse.” * A
Cochrane review concluded that although
permanent transvaginal mesh may reduce
the rates of recurrent prolapse, its use is
associated with higher rates of reoperation
and bladder damage.5 In 2011, the Food and
Drug Administration (FDA) raised concerns
about the safety of some transvaginal mesh
products.® Serious adverse events attributed
to the use of such products were not rare
and included serious complications, such
as vaginal erosions, infections and organ
perforation.
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Implantable devices are approved by the FDA,
depending on the class of device. Class II devices are
generally approved under the 510(k) process while Class
III devices are subject to a Premarket Approval Appli-
cation (PMA) process. Transvaginal mesh devices were
originally included in Class II and required the 510(k)
process, but they were reclassified in January 2016. In
the 510(k) process, anyone who intends to market a new
medical device has to submit a premarketing notifica-
tion to the FDA at least 90 days before the date sched-
uled for marketing to begin.” The regulatory system for
medical devices has a low threshold for approval and the
limited requirement for clinical data, for which it has
been criticised.® ¥ The PMA process'’ imposes a higher
standard of evidence for new devices, including clinical
trials. However, Section 510(k) of the Food, Drug and
Cosmetic Act allows manufacturers to bypass this require-
ment by seeking approval for new devices because they
are ‘substantially equivalent’ to other devices (referred to
as predicates) that are already available.""

Section 522 of the Food, Drug and Cosmetic Act gives
the FDA the authority to mandate manufacturers to
undertake postmarket surveillance studies of Class II or
III devices, among other criteria, when ‘failure would be
reasonably likely to have serious adverse health conse-
quences ... or the device is to be implanted in the body
for more than oneyear’."* However, when the FDA asked
manufacturers of surgical mesh products to conduct new
safety studies in January 2012," some manufacturers
removed their products from the market, thus preventing
the proper assessment of the benefit to harm balance of
their devices."*

We set out to systematically assess the nature and quality
of the evidence that was available for transvaginal mesh
products at the time of their approval by the FDA, and the
rate of compliance with orders requiring manufacturers
to generate better evidence in response to concerns
about harms after approval. We also set out to charac-
terise how assumptions of device equivalence have been
used during approvals by mapping the network of devices
approved on the basis of equivalence to earlier devices,
back to one pivotal device withdrawn from the market two
decades ago.

METHODS

Approvals and device equivalence

To assess the extent to which device equivalence underpins
approval of modern mesh products, we used the 510(k)
regulatory approval (K851086) of the 1985 Mersilene
Mesh (Ethicon) and the (K963226) 1996 ProteGen Sling
(Boston Scientific) to search for related device approvals.
We used the FDA summary database for 510 (k) Premarket
Notification," the 510k.directory/search directory'® and
fdazilla.com to search for approvals.'” In combination,
these searchable databases provided complete listings of
all FDA 510(k) device clearances since 1976, with image
PDFs converted into searchable documents using Optical

Character Recognition. They also facilitated forward and
backward navigation of cross-referenced device appli-
cations. Once we found a device in the tree, we then
searched for further approvals of that device using the
510(k) number. We developed a ‘family tree of equiva-
lence’ for devices that included the 510(k) number, the
year of approval and the current status of the device. We
also searched the 510(k) applications using 510kdeci-
sions.com,'® which contains >132000 FDA 510 (k) applica-
tions submitted since May 1976 for relevant clinical trial
evidence for that application.

Randomised trials evidence in the year of approval

We extracted the year of publication from the first
published randomised trials for a vaginal mesh product
that was included in the Cochrane review published on
February 2016.° This review evaluated 37 randomised
controlled trials (RCTs) comparing transvaginal grafts
versus traditional native tissue repair in women with
vaginal prolapse. We then located the relevant trial device
510(k) application and extracted its year of approval to
establish the time from approval to trial publication.

Postmarketing surveillance studies: 522 orders analysis

We identified all FDA-522 postmarketing surveillance
orders for mesh products issued in 2012."% These
were obtained from the FDA’s searchable resource'
containing current information on the status of all 522
postmarket surveillance studies. All 522 orders issued
in 2012 were obtained, and from these, we extracted all
mesh devices named the 510(k) orders, and the current
status of the orders, whether active or inactive. We further
extracted the reasons underlying the inactive orders and
the amount of evidence about the active orders and their
reporting status (on the fifth of every month the FDA
website posts revised data on interim or final reports).'?

Patient involvement

The ideas and design of this study have been formed
through long-standing discussions with members of the
public, those involved in litigation and members of the
media.

RESULTS
Approvals and device equivalence
We found 61 devices related to the 1996 approval of
the ProteGen Sling (Boston Scientific; K963226, 1996)
and Ethicon’s Mersilene Mesh, which has been used for
treating hernias since 1954 (Ethicon K851086, 1985).
Figure 1 shows the chain of approvals for these two
devices. Searching for the ProteGen ID number K963226k
retrieved 22 associated clearances. As examples, these
included the 1997 Influence IN-SLING (K972651)* and
the 1998 Tension Free Transvaginal tape (K974098) !
which generated the forward chain.

Figure 1 also shows that the chain of device approvals
using ‘substantial equivalence’ can be traced back
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through more than one predicate, providing a confusing
picture. Newer devices are compared with various older
devices, and devices with similar names are compared
with each other. For example, the 2008: Avaulta Solo
Support System K082571% has been compared with the
2009: Avaulta Solo Support System K083839, part of the
same system.”” Some devices have been removed from the
market (eg, 2008: IVS. Tunneller device, Covidien UK;
K073164),” and some have had changes to their indica-
tions over time (eg, 2002: Surgical Mesh, Boston Scien-
tific; K020110).% 20

Randomised trials evidence in the year of approval

We found no clinical trial evidence for any of the devices
shown in figure 1 in the 510 (k) submissions at the time of
approval. Table 1 shows that we were able to trace the year
of approval and the relevant approval documentation for
29 of 33 different mesh products. In no case was the trial
published before approval, and publication occurred at
a median of 5 years after approval, range 1 (Gynecare
Prolift Ethicon)27 to 14 years (Sofradim, Parieten) 2

Postmarketing surveillance studies: 522 orders analysis

From the FDA’s website,lg we retrieved 119 orders in 2012
relating to the manufacturers of 126 different vaginal
mesh devices, marketed by 34 different companies, 23 of
which marketed at least two devices (Search date March
2017). Four companies covered 43% of the orders (Amer-
ican Medical Systems, Boston Scientific, Coloplast Corpo-
ration and Synovis Surgical Innovations/Baxter) (see
online supplementary web table).

Analysis of the 119 orders showed that in 79 (66%) the
manufacturer ceased market distribution of the device
subject to the postmarketing surveillance order (if the
manufacturer resumes device distribution, they will
be required to address the postmarketing surveillance
order); in 26 (22%) the 522 orders no longer applied
(the indication for use had been revised and no longer
included the indication subject of the 522 orders); for
2 (1.7%) orders the manufacturer (Shellhigh) reported
that it was no longer in business; and 1 order reported
that the device was not a vaginal mesh product. Only
11 orders (9.4%) reported that they were undertaking
postmarketing studies. In four orders. the manufacturer
requested that their multiple orders should be consoli-
dated into one, leaving a total of seven studies (six cohorts
and one RCT) including 2756 participants recruiting
(none had reported outcomes).

DISCUSSION

Summary

Our analysis shows a consistent pattern of device approval
through the use of ‘substantial equivalence’, with chains
of equivalence that ultimately lead back to the Mersilene
Mesh. Clinical trials evidence did not form part of the
approval process, and when trials were conducted, they
occurred a considerable time later (up to 14 years). After

the FDA 522 orders requiring postmarketing studies were
issued, many manufacturers removed their devices from
the market without performing the required research;
only seven studies were performed at that stage, and none
reported outcomes. Thus, in most cases, there was no
opportunity to determine whether the marketed devices
had a favourable benefit to harm balance.

Limitations

Though we searched extensively for meshes approved
through the FDA 510(k) process, we have failed to iden-
tify some of the products, especially those that may have
been withdrawn from the market. The withdrawal of
some mesh products from the market prevents us from
precisely assessing the quality of the evidence for the clin-
ical effectiveness of such products. The failure to identify
any clinical trials before regulatory approval of transvag-
inal meshes casts some doubts on the criteria used by the
FDA to grant marketing authorisations for the products;
this is further compounded by the lack of postmarketing
surveillance for most of the approved products. Itis there-
fore highly likely that more devices could be found in the
chain of equivalence shown in figure 1.

Over 100 devices manufactured by at least 40 different
companies have at some point been in circulation. A real-
time database is needed to allow patients, clinicians and
regulators the opportunity to view, and understand, the
regulatory chain of any device alongside the evidence
used at the time of its approval. We have focused on the
USA, which is the only regulatory system that provides
transparent access to approvals (called ‘clearances’). In
the European Union, approval is overseen by Notified
Bodies and is a closed access systeng; therefore, it is
impossible to scrutinise the European approval system,
given its lack of accessibility. The lack of evidence to
assess devices approved in Europe prevents meaningful
comparison between the European Medicines Agency
and FDA regulatory systems.

Findings in context

A US study of devices cleared through the 510 (k) process
in 2008 found 1105 predicates for 43 new implantable
devices. Only eight devices demonstrated evidence to
support substantial equivalence of previously cleared
devices: most studies provided no data, highlighting the
lack of publicly available evidence.’* A 2011 analysis of
113 devices recalled because of life-threatening harms
showed that recalled Class III devices were often approved
using the less burdensome 510(k) process.”’ In February
2012, partly in response to problems with transvaginal
mesh devices and to address the risk of harms, the US
Congress introduced a bill that aimed to alter the 510(k)
approval process, and in January 2016 the FDA changed
the approval requirements for surgical mesh from Class
II to the higher risk Class III. Some mesh devices have
been documented as having been marketed in the USA
without approval: for example, Johnson & Johnson
brought the Gynecare Prolift (K071512) to market in
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Table 1 Comparison of randomised controlled trial publication date of transvaginal mesh and date of US FDA approval

Time
Approval date difference
Author and year Mesh intervention Publication and 510(k) (years)
1. Al-Nazer 2007 GYNEMESH*PS, International Urogynecology Journal and Pelvic 2002: 5
Gynecare, Ethicon, Floor Dysfunction 2007;18(Suppl 1):49-50 K013718
France).
2. Ali2006 B GYNEMESH*PS International Urogynecology Journal and Pelvic 2002: 4
Floor Dysfunction 2006;17(Suppl 2):221 K013718
3. Allahdin 2008 Polyglactin (Vicryl) Journal of Obstetrics and Gynaecology 2005: 3
mesh 2008;28(4):427-31 K051701
4. Altman 2011 Gynecare Prolift Neurourology and Urodynamics 2010;29:527-31  2008: 2
Anterior Pelvic Floor K071512
Repair System kit
5. Carey 2009 Gynemesh PS; BJOG 2009;116(10):1380-6 2002: 7
Ethicon K013718
6. da Silveira 2014 Mesh repair (Prolift) International Urogynecology Journal 2015;3:335—- 2008: 7
42 K071512
7. Delroy 2013 Nazca TC International Urogynecology Journal Not approved
2013;24(11):1899-907
8. De Tayrac 2008 The IVS Tunneller International Journal of Gynaecology and 2001: 7
Obstetrics 2008;100(2):154-9 K010035
9. De Tayrac 2013 Ugytex, Sofradim International Urogynecology Journal 2004: 9
2013;24:1651-61 K033376
10. Gupta 2014 Low-weight, South African Journal of Obstetrics and 2000: 14
monofilament, Gynaecology 2014;20(3):47-50 K002672
macroporous, vicryl-
polypropylene (VYPRO
mesh)
11. Halaska 2012 Prolift; Gynecare/ Journal of Obstetrics and Gynecology 2008: 4
Ethicon 2012;207(301):e1-7 K071512
12. Hviid 2010 Pelvicol International Urogynecology Journal 2003: 7
2010;21(5):529-34 [39449] K081272
13. Iglesia 2010 Anterior prolift, Obstetrics and Gynecology2010;116 (2 Pt 1):293- 2008: 2
modified anterior 303 K071512
prolift with apical
arms, or total prolift
14. Lamblin 2014 The Perigee International Urogynecology Journal 2014;25:961- 2004: 10
70 K040623
15. Maher 2011 Gynecare Prolift International Urogynecology Journal 2009;20 2008: K071512 1
Ethicon Suppl 2:5151-2
16. Menefee 2011 Polyform Neurourology and Urodynamics 2009;28(7):894-5 2005: 4
K051245
17. Meschia 2004a  IVS Tunneler* International Urogynecological Association, 2004 2001
Aug 23-27, Paris. 2004. K010035
18. Meschia 2007 Pelvicol Neurourology and Urodynamics 2005;24 20083: 2
(5/6):587-8 K081272
19. Natale 2010 GYNECARE Neurourology and Urodynamics 2005;24 2002: 3
GYNEMESH (5/6):585-6 K013718
20. Nguyen 2008 Perigee Transobturator Obstetrics and Gynecology 2008;111(4):891-8 2004: 4
Prolapse Repair K040623
System
21. Nieminen 2008  Parietene light, Obstetrics and Gynecology 2007;110 (2 pt 2):455—- 1999 9
Sofradim Co. 62 K991400
Continued
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I

Table 1 Continued

Time
Approval date difference
Author and year Mesh intervention Publication and 510(k) (years)
22. Paraiso 2006 Unclear American Journal of Obstetrics and Gynecology
2006;195:1762-71
23. Qatawneh 2013  Gynemesh, PS Gynecological Surgery 2013;10:79-85 2002: 11
K013718
24. Rudnicki 2014 Avaulta Plus—anterior BJOG 2014;121:102-11 2007: 7
biosynthetic mesh K063712
procedure
25. Sand 2001 Polyglactin 910 mesh American Journal of Obstetrics and Gynecology  1996: 5
2001;184(7):1357-64 K955646
26. Sivaslioglu 2008 Sofradim Parietene International Urogynecology Journal 1999: 9
2008;19(4):467-71 K991400
27. Svabik 2014 Prolift Total Ultrasound in Obstetrics and Gynecology 2008: KO071512 6
2014;43(4):365-71
28. Tamanini 2014 Nazca TC device The Journal of Urology 2015;193(4):1298-304 Not approved
29. Thijs 2010 Perigee Urogynecology Journal and Pelvic Floor 2004 6
Dysfunction 2010;21 Suppl 1:S142-3 K040623
30. Turgal 2013 Sofradim, Parieten European Journal of Obstetrics and Gynecology — 1999: 14
and Reproductive Biology 2013;170(2):555-8. K991400
31. Vollebregt 2011  Avaulta anterior British Journal of Obstetrics and Gynaecology 2007: 4
system 2011;118(12):1518-27 K063712

32. Weber 2001 Polyglactin 910 mesh

American Journal of Obstetrics and Gynecology

1996: K955646 5

2001;185 (6 Pt 1):1299-306

33. Withagen 2011 Prolift

53

The Journal of Sexual Medicine 2011;8 (10):2944— 2008: 8

K071512

*Described as posterior IVS in abstract http://www.ics.org/Abstracts/Publish/41/000277.pdf.

2005, 3years before it received regulatory approval, as
reported by Bloornberg.32 A previous family tree of the
type we present included 16 products.33

Implications
In the USA, the Medical Device Amendment of 1976
decreed that the FDA would review all existing medical
devices and put them into one of three classes (Class I,
lowest risk; Class II, moderate risk; and Class III, highest
risk).”* Once existing devices were classified, all new
devices for use in humans were to be labelled as Class
III, requiring PMA, which can require evidence from
well-controlled investigations (but can also be granted on
the basis of lower-quality evidence).” As the classification
of existing devices took >14 years to complete, legislation
allowed mesh devices that were developed after 1976 to
be approved without the need for clinical data. Conse-
quently, the higher standards required by the PreMarket
Approval process for Class III devices were in fact not
applied, and mesh devices have consistently used the
‘substantially equivalent’ claim to ensure market access
through the less burdensome 510 (k) route.

While the PMA route requires clinical data, 510(k)
focuses primarily on mechanical performance and
material safety; requiring bench and/or animal testing

to confirm that certain technical specifications are met,
and evidence that mesh is biocompatible. However, the
510(k) regulation allows approval to be obtained by
comparison with a chain of equivalent devices, rather
than through well-designed clinical trials, which would
be preferable.

In response to FDA 522 orders, manufacturers have
withdrawn from the market a substantial number of life-
long implantable devices that had not been subjected
to clinical trials, leaving uncertainties about their rela-
tive benefits and harms. Devices are not subjected to
the well-tested methods that have for many years been
applied to medicinal products, and this has important
implications. For example, a device, the Exhale Drug-
Eluting Stent, which appeared to be effective in a phase
IT study, was found to be ineffective and harmful in phase
L% % Furthermore, the FDA has recently reported 22
case studies of drugs, vaccines and medical devices for
which promising phase II clinical trial results were not
confirmed in phase III studies.” Better designed and
adequately powered trials are required to allow for better
assessment of the benefit to harm balance of transvaginal
meshes in those most likely to gain some benefit for the
repair of pelvic organ prolapse.
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Transvaginal mesh for pelvic organ prolapse has not
even generally been subjected to adequate clinical
studies at any phase of its development. The available
trials have been poorly designed and poorly conducted
and have failed to account for variable lengths of
patient follow-up, underlining the importance of prop-
erly designed clinical trials during the development of
devices and careful postmarketing surveillance. The
IDEAL collaboration has proposed a framework for
life-cycle product evaluation whereby devices could be
tested before and after marketing.”* One such study
trialling the benefits and harms of transvaginal mesh for
pelvic organ prolapse based on the IDEAL framework
was recently published.*’

In 2016, device manufacturers, the FDA and profes-
sional organisations established the Pelvic Floor Disor-
ders Registry."' Postmarketing studies and registries of
patients treated with such devices should be mandatory at
the time of approval.

CONCLUSIONS

Our findings highlight the lack of evidence used for
licensing transvaginal mesh products. When evidence
has been forthcoming, it has often emerged too late to
inform clinical practice. The current systems for ensuring
patient safety are inadequate for medical devices. We
think that clinical trials evidence should be mandatory
for marketing authorisation of implantable devices and
that there should be incentives for the development of
high-quality evidence-based devices. A publicly acces-
sible registry of licensed invasive devices with details of
marketing status and linked evidence should be created
and maintained.
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