The Most Trusted
Voice in Healthcare

Medical Device Material Performance Study

Siloxane Safety Profile

Prepared for
U.S. FDA Center for Devices and Radiological Health

Submitted to

Ed Margerrison, PhD

Director, Office of Science and Engineering Laboratories (OSEL)
Center for Devices and Radiological Health

U.S. Food and Drug Administration

Date of Submission
October 10, 2020

ECRI Corporate Governance: Project Manager:
Michael Argentieri, MS Scott Lucas, PhD, PE
Vice President, Technology and Safety Principal & Director, Accident and Forensic
margentieri@ecri.org Investigation
(610) 316-2766 slucas@ecri.org

(804) 690-8542
Karen Schoelles, MD, SM, FACP
Vice President, Clinical Excellence and Safety
kschoelles@ecri.org
(215) 341-3800

5200 Butler Pike, Plymouth Meeting, PA 19462
e clientservices@ecri.org W WWW.ecri.org


https://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDRH/CDRHOffices/ucm115989.htm
mailto:margentieri@ecri.org
mailto:kschoelles@ecri.org
mailto:slucas@ecri.org

Table of Contents

EXECULIVE SUMIMAIY ...ooiiiiiiiieei ettt ettt e e e ettt e e e e e e et e e et e e e e s saatateeeeaeeeesanntsseeeaaeesesnnsrsnneeaens 2
PrOJECE OVEIVIEW ...ttt e et e e e e e e ettt e e e e e e se s ta e e eeeaeeesaabaseeeaeeeeeasnbsaeeeaeeeaasnsssaneeaens 4
Literature Search and Systematic Review FramewWork .............ooooiiiiiiiiiie i 4
ECRI Surveillance Search Strat@gy ..........ooo it saneee s 5
Safety Profile - SHOXANE ... et e e e e e e e s e e e e e e e e e et b rereeae e e e e anrraneaaens 7

SEAICN OVEIVIEW ...ttt ettt b e ra et e bt e h et e s e e e ea et e s bt e et et e ear e e e eneeenaneenareas 7

Systematic Review Safety Brief ... 8

ECRI SUIVEIIIANCE DAta ......ocoiiiiiiiiiiee ettt ettt et e b e sane e 13

o] =Y a1 (= I CT= o TSP URR PP 18
Appendix A. Inclusion/Exclusion Criteria and Quality of Evidence Criteria ...........cccoooveiiiiiiiiiiniieiiie, 19
Appendix B. SEArch SUMMAIY .........oiiiiiiiii e e e e e e e e e e e e e st r e e e e e s sesannraeeaaaeeaanns 20
Appendix C: Study FIOW DIiagram .........ccciiiiiiiiiiiiie ettt e e e e s e e e e e e s st e e e e e e e sesnnnraneeaaeeeanns 29
AppendixX D. EVIAENCE TabIES ... ... et e e e e e e e e e e e e e e e e e e e e enneeeeeeeeeeanns 30
APPENAIX E. REFEIENCES ....veiiiiie ittt e et e e e e e st re e e e e e e e e s st e e e e eaeesseansnraneeaaeeaanns 88
Appendix F. Surveillance Event Reports — PSO and Accident Investigation .............ccccovveveiiiiiiiiiieeneeen. 98
Appendix G. Regulatory and Manufacturer Safety Alerts .........oocuiiiiiiii e 99

Appendix H. ECRI Accident Investigations of Antireflux Prosthesis and Urinary Continence Devices.... 100

Table of Tables

Table 1: Medical devices containing siloxane provided by FDA to guide ECRI ........c.cccccvuiiiiiiiiiieeninseernie e sse e ennanas 7
Table 2: Summary of primary findings from our SYyStEMALIC FEVIEW ......evererereiiiiieiniiininininrein s 8
Table 3: Complications in siloxane-related PSO €VENt rEPOIES. .......uururerermrmrminiiirininininrnrnnnennn s 13
Table 4: Harm Score associated with siloxane-related event repOrtS..........uuueeerrerermrmininini e 14
Table 5: Accident investigations of patient incidents involving siloxane devices. .........cccveviiiiiiiiveeiin e, 15
Table 6: ECRI Problem RepOIrT SUMIMAIY......icuuiiiiiiisiieiie st s e s s s eras s s s s s e e s s s ena s s s era e s s e s s s s enna e e sanneeenranes 15
Table 7: Summary of regulatory and manufacturer @lertsS........couivii i 16
Table 8: Silicone or Siloxane as a Material — Health Effect (In Vivo) Human Studies............uuuveimmmimnmimimininininennnnnnes 30
Table 9: Silicone or Siloxane as a Material — Health Effect (In Vivo) Animal StUdi€s ...........euvermimimimimimininiiinnnees 30
Table 10: Silicone Breast Implants — Health Effect (In Vivo) HUMan StUdiS..........uuvermrmimimimimininiiiiiininnnes 45
Table 11: Silicone Breast Implants — Health Effect (In Vivo) Animal SEUdIES ........evvurereimimieiiiiiiiinnee 57
Table 12: Silicone Injections — Health Effect (In Vivo) HumMan StUdIES ........ccvvuiiiiiiiiiieiii e ern e 59
Table 13: Silicone Injections — Health Effect (In Vivo) Animal STUIES........cccvviiiieiiiiiieiiin et er e 64
Table 14: Neuromodulatory Systems — Health Effect (In Vivo) Animal Studi€S......cccovvveuiiiiiiiiieenis e erre e, 65
Table 15: Silicone QOil in Eyes — Health Effect (In Vivo) HUMaN STUIES ........eevvureiminiiiiiiiiiiiiininiees 68

\ 5200 Butler Pike, Plymouth Meeting, PA 19462
7 E< RI e clientservices@ecri.org W WWW.ecri.org



Executive Summary

Project Overview

The FDA engaged ECRI to perform a comprehensive literature search, systematic review, and analysis of ECRI
surveillance data to identify the current state of knowledge with regard to biocompatibility of siloxane used in medical
devices. Five key questions were provided by FDA and are summarized below. If data did not exist to sufficiently
address these questions, a gap was noted in this report, which could represent areas of further research. Literature
searches identified 2,740 articles and 122 of these met inclusion criteria for the systematic review.

1. What is the typical/expected local host response to Siloxane?

a. Can that response vary by location or type of tissue the device is implanted in or near?

Local host responses to siloxane vary depending on the device (implant or injection) and the target location or
tissue type:

i. For silicone gel-filled breast implants the primary local responses reported in the literature were
capsular contracture and rupture.

ii. For silicone injections, the primary local response is granuloma formation.

iii. For silicone oil used for tamponade in retinal surgery, local responses include visual loss, cataracts,
elevated intraocular pressure, emulsification, inflammation, and retinal detachment.

iv. For neuromodulatory systems we found no evidence from human studies, but in animal studies the
primary local response was fibrous tissue growth.

v. We found no evidence on local host responses to penile implants or implanted continence devices.

vi. The quality of evidence supporting these findings is moderate for breast implants and neuromodulatory
systems, and low for silicone injections and silicone oil tamponade in retinal surgery.

ECRI's surveillance data for siloxane found the following:

i. Surveillance data are consistent with the clinical literature for breast implants with infection, rupture, or
deflation as the most common complications.
ii. The majority of penile implant complications consist of infection or malfunction, with lower associated
harm than breast implant events.
iii. The majority of neuromodulatory system complications were infection and malfunction, and the most
serious complications (2 reports with harm score G) were infection and paralysis.
iv. There are very few reports on urinary continence devices and injectables.

b. Over what time course does this local host response appear?

i. The risk of breast implant responses increases over time, with events occurring up to 7 years post-

implant.
ii. Granuloma formulation after silicone injection occurred between 1 to 15 years post-injection.
iii. Events involving silicone oil response occurred between 1 week and 2 years after tamponade.

2. Does the material elicit a persistent or exaggerated response that may lead to systemic signs or
symptoms — beyond known direct toxicity problems?

a. What evidence exists to suggest or support this?
The majority of evidence evaluated silicone gel-filled breast implants and silicone injections; however, the

quality of evidence supporting the association between silicone and systemic manifestations is low for breast
implants and very low for injections.
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b. What are the likely systemic manifestations?

Silicone gel-filled breast implants: Sjégren syndrome, scleroderma, rheumatoid arthritis, melanoma, myositis,
multiple sclerosis, systemic sclerosis, multiple sclerosis, fibromyalgia/chronic fatigue syndrome, sarcoidosis,
hyperthyroidism, psoriasis, hypothyroidism, ASIA, lymphoma (including ALCL), lymphadenopathy, siliconomas,
interstitial lung disease, and systemic inflammatory reaction.

Silicone injections: Pneumopathy, pneumonitis, hypercalcemia, renal failure (related to hypercalcemia), non-
thrombotic pulmonary embolism, hepatitis, and serositis.

c.  What is the observed timeline(s) for the systemic manifestations?

Systemic manifestations associated with breast implants occurred during a period from 1 to 42 years following
implantation. Manifestations associated with injections occurred during a period from 3 months to 28 years after
injection.

d. Have particular cellular/molecular mechanisms been identified for such manifestations?
We did not find evidence concerning cellular/molecular mechanisms of systemic manifestations.

3. Are there any patient-related factors that may predict, increase, or decrease the likelihood and/or
severity of an exaggerated, sustained immunological/systemic response?

i. A cohort study of autoimmune/inflammatory disease induced by adjuvants (ASIA) cases reported that
the risk of developing autoantibodies was significantly increased in vitamin D deficient and/or
insufficient patients.

ii. Another study of ASIA cases reported pre-existing allergies present in 75% of cases

iii. Implants may cause systemic symptoms in patients with atopy or a hyperimmune state.

4. Are there any material-related factors that may predict, increase, or decrease the likelihood and/or
severity of an exaggerated, sustained immunological/systemic response?

i. One systematic review and one case series reported an association between textured breast implants
and development of anaplastic large cell lymphoma (ALCL).
ii. One case series noted that implant rupture or silicone bleed may cause lymphadenopathy.
iii. One cohort study noted that semi-acute onset of ASIA symptoms may be explained by implant rupture
or silicone gel bleeding.
iv. Two cohort studies reported that explantation reduced ASIA symptoms in 50% to 69% of cases.

5. What critical information gaps/research are needed to better understand this issue?

i. Local response to silicone injections and silicone oil tamponade

ii. Local response to penile implants and urinary continence devices.

iii. Nueromodulatory biocompatibility studies addressing “clinical manifestation” and pain, as reported in
the PSO database

iv. Systemic manifestations for all devices. The quality of evidence for all reported systemic manifestations
was either low (breast implants) or very low (injections and other devices). Breast implants was the
only device category with several studies reporting systemic responses, but the quality of evidence was
low. All of the reported systemic manifestations require further research to determine whether they are
truly associated with silicone.

v. With the exception of the literature concerning silicone breast implants, the literature for
silicone/siloxane generally lacked data on patient-related or material-related factors that influence the
likelihood and/or severity of sustained, exaggerated systemic responses.
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Project Overview

FDA engaged ECRI to perform a comprehensive literature search and systematic review to identify the current state
of knowledge with regard to medical device material biocompatibility. Specific materials were selected by FDA based
on current priority. For 2020, the following six materials were chosen:

Siloxane (Si)

Polypropylene (PP)

Polyether ether ketone (PEEK)
Poly(lactic-co-glycolic acid) (PLGA)
Polyurethane (PUR)

Polyethylene terephthalate (PET)

o wn =

The systematic review was guided by key questions mutually agreed upon by FDA and ECRI. Data were extracted
from literature articles and ECRI surveillance databases accordingly.

Key Questions:

1. What is the typical/expected local host response to the material?
e  Over what time course does this local host response appear?
e Can that response vary by location or type of tissue the device is implanted in or near?
2. Does the material elicit a persistent or exaggerated response that may lead to systemic signs or symptoms —
beyond known direct toxicity problems?
e What evidence exists to suggest or support this?
o In-vivo/clinical studies/reports?
o Bench or in-vitro studies?
e What are the likely systemic manifestations?
e What is the observed timeline(s) for the systemic manifestations?
e Have particular cellular/molecular mechanisms been identified for such manifestations?
3. Are there any patient-related factors that may predict, increase, or decrease the likelihood and/or severity of
an exaggerated, sustained immunological/systemic response?
4. Are there any material-related factors that may predict, increase, or decrease the likelihood and/or severity
of an exaggerated, sustained immunological/systemic response?
5. What critical information gaps/research are needed to better understand this issue?

If data did not exist to sufficiently address these questions, a gap was noted in this report. These gaps could
represent areas of further research.

Safety Profiles were written for the six materials listed above to include the summary of key findings from the
systematic review and surveillance search and are included in this report.

Literature Search and Systematic Review Framework

The ECRI-Penn Evidence-based Practice Center (EPC) conducts research reviews for the Agency for Healthcare
Research and Quality (AHRQ) Effective Health Care (EHC) Program. ECRI's scientific staff within our Center for
Clinical Excellence has authored hundreds of systematic reviews and health technology assessments on 3,500+
technologies/interventions for ECRI's public- and private-sector clients. In addition to this work, ECRI staff have
coauthored several methods papers on evidence synthesis published on the AHRQ Effective Health Care website and
peer-reviewed journals.

For this project, the clinical and engineering literature was searched for evidence related to biocompatibility of each
material. Searches of PubMed/Medline and Embase were conducted using the Embase.com platform. Scopus was
used initially to search non-clinical literature however it was determined that the retrieved citations did not meet
inclusion criteria and that database was subsequently dropped from the search protocol. Search limits included
publication date 2010 — 2020 and English as the publication language. ECRI and FDA agreed on appropriate host and
material response search concepts as follows:
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e Material Response
o Strength
Embrittlement
Degradation
Migration
Delamination
Leaching

O O O O O

e Host Response

o Local
= Inflammation
= Sensitization
= TIrritation
= Scarring/fibrosis
o Keloid formation
e  (Contracture
= Ingrowth
= Erosion
o Systemic
=  Cancer
= Inflammation
= Immune Response
=  Fatigue
= Memory Loss
= Rash
= Joint Pain
= Brain Fog

Search strategies were developed for each concept and combined using Boolean logic. Several search approaches
were used for comprehensiveness. Strategies were developed for devices of interest as indicated by the FDA as well
as the material-related strategies. Each of these sets were combined with the material and host response strategies.
Detailed search strategies and contextual information are presented in Appendix B. Resulting literature was screened
by title review, then abstract review, and finally full article review. Data were extracted from the articles meeting our
inclusion criteria to address the key questions for each material.

ECRI Surveillance Search Strategy

There are four key ECRI sources for medical device hazards and patient incidents. These databases were searched by
key terms and device models. Relevant data were extracted to address the key questions agreed upon by FDA and
ECRI. Patient demographics were extracted when available. All data presented were redacted and contain no
protected health information (PHI).

ECRI PSO

ECRI is designated a Patient Safety Organization by the U.S. Department of Health and Human Services and has
collected more than 3.5 million serious patient safety events and near-miss reports from over 1,800 healthcare
provider organizations around the country. Approximately 4% of these reports pertain to medical devices. Most of
these reports are acute (single event) reports and do not include patient follow-up. These data were filtered by
complication, and relevant reports were included in the analysis. “Harm Score” refers to the National Coordinating
Council Medication Error Reporting and Prevention (NCC MERP) taxonomy of harm, ranging from A to I with
increasing severity (see Figure 1). The entire PSO database was included in the search, with reports ranging from
year 2004 through March 2020, unless otherwise noted.
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Figure 1. NCC MERP “harm score,” which is now regularly used by patient safety organizations.

Category A (No Error)
Circumstances or events that have the capacity to cause error.

Category B (Error, no harm)

An error occurred, but the error did not reach the patient (an “error of omission” does reach the patient).

Category C (Error, no harm)
An error occurred that reached the patient but did not cause patient harm.

Category D (Error, no harm)
An error occurred that reached the patient and required monitoring to confirm that it resulted in no harm to the
patient and/or required intervention to preclude harm.

Category E (Error, harm)
An error occurred that may have contributed to or resulted in temporary harm to the patient and required
intervention.

Category F (Error, harm)
An error occurred that may have contributed to or resulted in temporary harm to the patient and required initial or
prolonged hospitalization.

Category G (Error, harm)
An error occurred that may have contributed to or resulted in permanent patient harm.

Category H (Error, harm)
An error occurred that required intervention necessary to sustain life.

Category I (Error, death
An error occurred that may have contributed to or resulted in patient death.

Definitions

Harm: Impairment of the physical, emotional, or psychological function or structure of the body and/or pain resulting
therefrom.

Monitoring: To observe or record relevant physiological or psychological signs.

Intervention: may include change in therapy or active medical/ surgical treatment.

Intervention necessary to sustain life: includes cardiovascular and respiratory support (eg CPR, defibrillation,
intubation).

Accident Investigation

ECRI has performed thousands of independent medical-device accident investigations over more than 50 years,
including on-site and in-laboratory investigations, technical consultation, device testing and failure analysis, accident
simulation, sentinel event and root-cause analyses, policy and procedure development, and expert consultation in the
event of litigation. Our investigation files were searched by keywords, and the search was limited to the past 10
years unless we found landmark investigations that are particularly relevant to biocompatibility.

Problem Reporting Network (PRN)

For more than 50 years, ECRI's Problem Reporting Network (PRN) has gathered information on postmarket problems
and hazards and has been offered as a free service for the healthcare community to submit reports of medical device
problems or concerns. Each investigation includes a search and analysis of the FDA MAUDE database for device-

6|Page



specific reports. Based on our search findings, we may extend our analysis to all devices within that device’s FDA-
assigned product code. The PRN database was searched by keywords, and the search was limited to the past 10
years.

Healthcare Technology Alerts

We regularly analyze investigation and PRN data to identify trends in use or design problems. When we determine
that a device hazard may exist, we inform the manufacturers and encourage them to correct the problem. ECRI
publishes the resulting safety information about the problem and our recommendations to remediate the problem in
a recall-tracking management service for our members. The Alerts database contains recalls, ECRI exclusive hazard
reports, and other safety notices related to Medical Devices, Pharmaceuticals, Blood Products, and Food Products.
This database was searched by keywords and specific make and model, and the search was limited to the past 10
years.

Safety Profile - Siloxane
Full Name: Siloxanes and Silicones, polyether-

CAS Registry Number: 94469-32-6

Search Overview

The systematic review included clinical and engineering literature on biocompatibility (i.e. host response and material
response) of siloxane used in medical devices. In addition to fundamental material biocompatibility, we focused on
specific devices known to be made of siloxane. The devices in Table 1 were recommended by FDA CDRH to guide
ECRI in searching this literature and ECRI’s surveillance data. Only devices in Table 1 are included in ECRI
surveillance searches, with exception of an antireflux prosthesis device found in ECRI’s accident investigation files.

Table 1: Medical devices containing siloxane provided by FDA to guide ECRI

Regulatory Description Pro Code Class
Breast Implant, Sizer MRD
Breast Implant — Saline Filled FTR III
Breast Implant — Gel Filled FWM
Im_planted mechanlcal/hydraullc EZY I
urinary continence device
Prosthesis, penis, inflatable /
Penile inflatable implant cw I
Neuromodulatory systems
Stimulator, spinal-cord, LGW
totally implanted for pain
relief 111
Peripheral nerve stimulator GZF
Implanted spinal cord
stimulator, for pain relief GZB
Silicone, liquid, injectable KGM 111
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Systematic Review Safety Brief

The Safety Brief summarizes the findings of the literature search on toxicity/biocompatibility of siloxane/silicone.
Inclusion/exclusion criteria and quality of evidence criteria appear in Appendix A in the Appendices document. Quality
of evidence ratings reflected a combination of the quality of comparative data (study designs), quantity of evidence
(number of relevant studies), consistency of evidence, magnitude of effect, directness of evidence, and evidence for
a dose or time response. The search strategy appears in Appendix B, and a flow diagram documenting
inclusion/exclusion of studies appears in Appendix C. Summary evidence tables with individual study data appear in
Appendix D, and a reference list of studies cited in the Safety Brief appears in Appendix E.

A summary of our primary findings is shown in Table 2. We then turn to a detailed discussion of research on
siloxane/silicone as a material as well as research on the five device categories.

Table 2: Summary of primary findings from our systematic review

systems
6 animal studies

growth

included studies

Application Local host Quality of Systemic responses* Quality of
responses evidence evidence
(local (systemic
responses) responses)
Siloxane/silicone as a | Local inflammation, | Moderate Pulmonary toxicity Low
material Foreign body Anti-drug antibody
1 human study, 34 response responses
animal studies
Silicone breast Capsular Moderate Sjogren syndrome, Low
implants contracture and scleroderma, rheumatoid
25 human studies, 4 rupture arthritis, melanoma,
animal studies myositis, multiple
sclerosis, systemic
sclerosis, multiple
sclerosis,
fibromyalgia/chronic
fatigue syndrome,
sarcoidosis,
hyperthyroidism, psoriasis,
hypothyroidism, ASIA,
lymphoma (including
ALCL), lymphadenopathy,
siliconomas, interstitial
lung disease, systemic
inflammatory reaction
Silicone injections Granuloma Low Pneumopathy, Very low
12 human studies, 1 pneumonitis,
animal study hypercalcemia, renal
failure, non-thrombotic
pulmonary embolism,
hepatitis, serositis
Neuromodulatory Fibrous tissue Moderate No issues reported in Low
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Application Local host Quality of Systemic responses* Quality of
responses evidence evidence
(local (systemic
responses) responses)
Silicone oil for Visual loss, Low No issues reported in Low
opthamologic uses Cataracts, Elevated included studies
42 human studies intraocular
pressure,
Emulsification,
Inflammation,
Retinal detachment
Penile implants and No studies Very low (no No studies Very low (no
implanted continence evidence) evidence)
devices
0 studies

*The quality of evidence was low for all systemic responses; ASIA = autoimmune/inflammatory disease induced by
adjuvants; ALCL = anaplastic large cell lymphoma.

Siloxane/silicone as a material: 35 studies (1 human study, 34 animal studies)!-3. The human study
was a case series!; the animal studies included 1 systematic review8, 4 randomized controlled trials (RCTs)>17:20.29,
and 29 non-randomized controlled studies!-46.7:9-16,18,19,21-28,30-34  For further information, see Tables 1 and 2 in
Appendix D.

Local and systemic responses (human study). In the human case series (39 individuals)?, accidental industrial
exposure to non-fluorinated alkylsiloxanes in a tile-coating product caused tachycardia and severe respiratory
symptoms in 38% and 7% of exposed individuals, respectively. Other symptoms included coughing (100%),
shortness of breath (74%), chest pain (20%), general malaise (49%), headache (46%), tachypnea (51%), and fever
(66%). The onset of symptoms occurred within 1 to 12 hours of exposure (all patients began having respiratory
symptoms within the first hour). All patients had recovered by 72 hours after exposure. Although the authors stated
that no delayed symptoms were observed, some patients reported having shortness of breath during hard physical
work 2 months later. The study did not rule out the possibility that the toxic effects were related to the solvents used
to suspend the alkylsiloxanes.

Patient-related or material-related factors associated with systemic response: Patient characteristics that may have
been related to more severe symptoms include smoking, ischemic heart disease, and older age, but there were too
few patients with severe symptoms to statistically determine associations. The study did not provide sufficient
evidence for or against a dose-response association.

Local host responses (animal studies): The animal studies involved a variety of silicone or siloxane formulations
either injected or implanted; most studies evaluated subcutaneous implants. The most common reaction was mild
local inflammation (14 studies; 2 studies described the inflammation as “chronic”); another common reaction was a
foreign body response (reported in 12 studies).

Systemic responses (animal studies): The only animal studies evaluating systemic reactions were 6 studies evaluating
subcutaneous injections of silicone oil microdroplets. Five non-randomized controlled studies reported that silicone oil
microdroplets can act as an adjuvant to increase anti-drug antibody responses3%-34, The remaining study was an RCT
that did not find an increased anti-drug antibody response associated with silicone oil microdroplets?. No serious
systemic responses were noted in any animal study.

Overall guality of evidence: The evidence for local responses in animal studies was based on a large number of
studies, and the findings were relatively consistent across studies. Although this is indirect evidence with respect to
humans, the findings are consistent with findings from other silicone devices (injections, breast implants) used in
humans. Therefore, the quality of evidence supporting local host responses is moderate.

Few studies evaluated systemic responses, and only one was a human study. Although alkylsiloxanes may have
pulmonary toxicity in humans, the study was small and conclusions were hindered by the possibility that toxic effects
may have been at least partly related to the solvent used to suspend the alkylsiloxanes and the lack of accurate
exposure information from the workplace. Thus, the quality of evidence for systemic responses is low.
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Silicone breast implants: 25 human studies (4 systematic reviews”:44346, 21 observational studies
[cohort studies and case series]3>:36:38-40:42,44,45,47-56). 4 animal studies (2 RCTs*7:%8 and 2 case series®®¢0). For further
information, see Tables 3 and 4 in Appendix D.

Local host responses: 9 human studies reported whether there were local host reactions related to silicone gel-filled
breast implants; the most common were capsular contracture (reported in 4 studies, including the largest study),
rupture (2 studies, including the largest study), and breast pain (2 studies, including the largest study). The largest
study was a retrospective cohort analysis of U.S. FDA breast implant postapproval studies in the large postapproval
study (LPAS) database (Coroneos et al. 2019)%, This study analyzed data from 41,342 Allergan silicone breast
implants and 41,975 Mentor silicone breast implants, and thus represented more patients than all of the other
included studies combined. The two manufacturers’ studies did not report all the same outcomes at the same time
points, so they are not directly comparable. Allergan reported the following event rates at 2 years: capsular
contracture (5%) and rupture (0.5%); at 5 years, rupture ranged from 1.4% to 2.6%. Mentor reported the following
adverse event rates at 7 years: Grade III/IV capsular contracture (7.2% to 18.3%), rupture (8.2% to 15.6%), and
breast pain (19.6% to 29.6%). Longer contact duration was associated with higher incidence of adverse events. The
4 animal studies reported local responses such as fibrous capsule formation and local inflammatory reactions.

Systemic responses. 16 human studies reported systemic responses that may be related to silicone breast implants.
The 3 largest studies were the FDA database study noted above3?, a systematic review of longitudinal studies with a
total of 42,973 patients with silicone breast implants (Balk et al. 2016)%, and a cross-sectional study of a healthcare
database in Israel (Watad et al. 2018)% that included 24,651 patients with silicone breast implants.

The FDA database study reported standardized incidence ratios (SIRs) and found incidence ratios greater than 2
(more than double the risk in the general population) for Sjogren syndrome (8.14 [95% confidence interval (CI)
6.24-10.441]), scleroderma (7.00 [5.12-9.34]), rheumatoid arthritis (5.96 [5.35-6.62]), and melanoma (3.71 [2.87-
4.73]) associated with Mentor silicone breast implants. The study found incidence ratios less than 2 (but still
statistically significant) for myositis (1.88 [1.09-3.00]), multiple sclerosis (1.72 [1.26—2.29]), neurological disorder
(1.59 [1.44-1.76]), and overall cancer diagnosis (1.54 [1.42-1.68]) associated with Mentor silicone breast implants.
Allergan descriptively reported that silicone implants for revision reconstruction have SIRs over 2.0 for scleroderma,
Sjogren syndrome, and myositis compared with normative at 7-year follow-up3>.

Balk et al. reported possible increased risk of rheumatoid arthritis (3 study meta-analysis): effect size (ES) (95% CI):
1.42 (1.04-1.95) and Sjogren syndrome (1 study): risk ratio (RR) (95% CI): 6.64 (2.01-21.9). For lung cancer and
Raynaud’s phenomenon, they noted possible associations (odds ratios [ORs] 1.5 and 1.42, respectively) but neither
ES reached statistical significance?,

Watad et al. reported that patients with silicone implants were more likely to be diagnosed with the following: any
autoimmune/rheumatic disorder (OR 1.22 [95% CI: 1.18-1.26]; HR 1.45 [1.21-1.73]), sarcoidosis (OR 1.98 [1.50—
2.60]), systemic sclerosis (OR 1.63 [1.26-2.11]), Sjogren syndrome (OR 1.58 [1.26-1.97]), MS (OR 1.41 [1.11-
1.80]), fibromyalgia/chronic fatigue syndrome (OR 1.37 [1.29-1.45]), RA (OR 1.19 [1.03-1.38]), hyperthyroidism
(OR 1.16 [1.07-1.26]), psoriasis (OR 1.13 [1.05-1.21]), hypothyroidism (OR 1.10 [1.05-1.16])*. We note that all
the ORs reported by Watad et al. are small (<2), and although the authors adjusted for several potential
confounding factors (age, socioeconomic status, smoking status, and breast cancer history), the increased event
rates still could be related to confounding factors not included in the analysis. In spite of elevated event rates
compared to controls without implants, all systemic harms reported in these studies were considered rare events.

The remaining studies had far fewer patients and merely reported systemic adverse events rather than comparing
event rates to a control group without implants. Six studies reported on cases with silicone breast implants with
symptoms believed to represent autoimmune/inflammatory disease induced by adjuvants (ASIA)#0:52-56, Qther studies
reported events including lymphoma (2 studies*®#?, both report anaplastic large cell lymphomas [ALCLs] as the most
common type associated with breast implants), lymphadenopathy3%0, siliconomas®?, interstitial lung disease*,
systemic sclerosis*’ and systemic inflammatory reaction®!. Again, all these were considered rare events.

Patient-related or material-related factors associated with systemic response: The FDA database study noted that
longer contact duration was associated with higher event incidence. Balk et al.*® reported that for lung cancer, 1
study found a higher association with breast implants after longer follow-up. For Sjégren syndrome, there was higher
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outcome incidence when the outcome was self-reported. Neither Balk nor Watab* found significant differences in
systemic adverse events between breast augmentation and breast reconstruction procedures.

One systematic review of 83 cases of lymphoma reported an association between textured implants (both silicone
and saline) and ALCL*. A case series similarly noted that implant rupture or chronic irritation by the textured implant
surface may trigger ALCL proliferation*®. Another case series also noted that implant rupture or silicone bleed may
cause lymphadenopathy=°.

Four cohort studies reported on factors that may be related to ASIA. A controlled cohort study of patients with
silicone breast implants and symptoms of ASIA reported that explantation reduced symptoms in 50% of cases®.
Another cohort study of ASIA cases reported that the risk of developing autoantibodies was significantly increased in
vitamin D deficient and/or insufficient patients (RR [95% CI] 3.14 [1.24-7.95], p = 0.009)>*. A third study of ASIA
cases reported pre-existing allergies present in 75% of cases; implants may cause systemic symptoms in patients
with atopy or a hyperimmune state. The study also noted that semi-acute onset of symptoms may be explained by
implant rupture or silicone gel bleeding and that explantation reduced symptoms in 69% of cases*°. The remaining
study speculated that implant aging or rupture may result in immune dysregulation and the development of
autoimmune diseases®>.

Overall guality of evidence: Several studies (including systematic reviews and very large database studies) support
the susceptibility of silicone breast implants to capsular contracture and rupture. The quality of evidence supporting
these outcomes is moderate.

Although 3 large studies provide evidence concerning several systemic adverse events, there is some inconsistency
among studies regarding the significance of their potential associations with silicone implants. The risk of bias from
unadjusted confounding factors means that the quality of evidence for systemic responses is low.

Silicone injections: 13 studies (12 human®72, 1 animal’®). Of the 12 human studies, 3 were systematic
reviews®:7172 and 9 were case seriest1626470, The animal study was a case series’?. The human studies evaluated
silicone injected for cosmetic purposes. For further information, see Tables 5 and 6 in Appendix D.

Local host responses: 9 human studies reported local host responses, of which the most common was granuloma
(reported in 6 studies). Other events included inflammation (2 studies), silicone mastitis, fibrosis, and palpable
nodules (1 study each).

Systemic responses. 2 systematic reviews’!72 and 1 case series”? reported systemic responses. All of these responses
are relatively uncommon but the reviews did not provide a denominator by which to determine incidence or
prevalence. The most serious acute response was pneumopathy, which is usually self-limiting but has led to death in
some cases’2. The most serious late systemic reactions included 23 cases of hypercalcemia related to granulomas (10
cases in patients who received silicone injections) that led to renal failure in 14 cases (unclear how many of these
had received silicone). Two patients died due to renal failure’!. Other reported serious systemic reactions included
pneumonitis, non-thrombotic pulmonary embolism, hepatitis, and serositis.

Overall quality of evidence: The systematic reviews and case series had small numbers of patients and lacked
comparison groups. The only consistently reported outcome across studies was granuloma, and the overall quality of
evidence for this outcome is low.

For other events, particularly systemic events that require more evidence to determine whether they are associated
with silicone, the quality of evidence is very low.

Neuromodulatory systems: s animal studies (1 RCT®, 4 controlled studies’*77, and 1 case series’8)
reported adverse events related to neuromodulatory systems containing silicone. No human studies were identified
that met inclusion criteria. The studies evaluated silicone electrodes (3 studies), nerve implants (1 study), silicone-
coated platinum wire (1 study), and silicone particles (1 RCT). Electrodes and nerve implants were implanted in
sciatic nerves (3 studies), 1 electrode microarray was implanted on cortical surface via craniotomy, the platinum wire
was implanted in scala tympani (1 study), and the silicone particles were implanted in lumbar spinal dura. For further
information, see Table 7 in Appendix D.
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Local host responses:. All 6 studies reported local responses, the most common of which was fibrous tissue growth
(reported in 5/6 studies).

Systemic responses. The RCT”? was the only study that reported systemic data (related to silicone particles), in which
a histopathological analysis of lymph nodes and several organs revealed no significant pathological changes.

Overall quality of evidence: The 6 animal studies, 5 of which had control groups, were consistent in showing fibrous
tissue growth in response to neuromodulatory implants containing silicone. Although the evidence is indirect with
respect to humans, the quality of evidence is moderate. The quality of evidence for systemic responses was based on
a single small animal RCT and is therefore low.

Silicone oil for ophthalmic uses: 42 human studies (1 systematic review, 2 RCTs!10.116, 5 controlled
cohort studies®8491,97.109 1 case-control study®, 2 single-arm cohort studies®28, and 31 case series?!83:85-87,89,90,92-
96,98,100,102-108,111-115,117-122) evaluated adverse events associated with silicone oil tamponade used in retinal surgery.
For further information, see Table 8 in Appendix D.

Local host responses: All the studies reported local adverse events that occurred in the eyes that received silicone oil
tamponade. Vision loss was the most frequently reported event across studies; other common events included
cataract, elevated intraocular pressure, emulsification, and inflammation, but a range of other events were reported
including re-detachment of the retina and glaucoma. One controlled cohort study of moderate size that compared
silicone oil tamponade to gas tamponade found a much higher risk of visual loss associated with silicone oil
tamponade!®. Longer duration of silicone oil tamponade was the only factor significantly associated with visual loss.
Another moderate size controlled cohort study of patients with cytomegalovirus retinitis and AIDS reported that
history of retinal detachment was associated with higher risk of cataract if repaired with silicone oil vs. without
silicone oil (adjusted hazard ratio (AHR) 10.37, 95% CI: 6.51 to 16.52 with silicone oil, AHR 2.90, 95% CI: 1.73 to
4.87 without silicone oil)14,

Systemic responses. We did not identify any studies reporting systemic responses to silicone oil tamponade in retinal
surgery.

Overall guality of evidence: The evidence base was large, but the bulk of the studies were uncontrolled case series.
Although visual loss appears to be associated with silicone oil tamponade, the available evidence is not sufficient to
determine whether this is due to silicone toxicity or some other factor related to silicone oil in the eye. Therefore, the
overall quality of the data is low.

Penile implants and implanted continence devices: Our literature searches did not identify
any studies of these devices that met inclusion criteria.
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ECRI Surveillance Data

ECRI surveillance data comprise ECRI PSO event reports, accident investigations, user problem reports (PRNs), and
alerts. The PSO, investigations, and problem reporting network (PRN) reports included in this report mostly include
acute patient events. We rarely find chronic conditions or patient follow up reports, which are more prevalent in the
clinical literature. Complications are reported directly by clinical staff, thus there is inherent variability in the reports.
For example, breast implant rupture could be a result of capsular contracture, indicative of potential inadequate
biocompatibility. Rupture could also be iatrogenic and noticed immediately during surgery. We extracted these
differentiating factors where possible.

The surveillance data for siloxane are consistent with the clinical literature with regard to reported complications.
Material failures such as rupture, deflation, and retained foreign bodies are particularly concerning as the mechanism
is not always clear and they result in direct siloxane contact with tissue potentially for a long duration. Excluding
infection from breast implant complications, rupture or deflation was reported in 55% of the remaining breast
implant PSO event reports. The majority of penile implant complications consist of infection or malfunction, with
lower associated harm than breast implant events. The majority of neuromodulatory system complications were
infection and malfunction, and the most serious complications (2 reports with harm score G) were infection and
paralysis. There are very few reports on urinary continence devices and injectables in our surveillance data.

Patient Safety Organization

Search Results: ECRI PSO identified 1,373 reports that involved siloxane materials that occurred between 4/2004 and
3/2020. 349 of these involved complications (see Table 3). The top 5 complications were 1) infection - 110 (32%), 2)
rupture - 50 (14%), 3) hematoma - 35 (10%), 4) iatrogenic injury - 25 (7%), and 5) deflation - 19 (5%) and
malfunction - 19 (5%). Harm occurred in 40% of the events, and the majority of events were associated with harm
scores ranging from C through F (see

Table 4). Harm scores C and D refer to errors that did not cause harm to the patient. E and F resulted in patient
harm, where F required initial or prolonged hospitalization.

All individual PSO event reports are redacted and included in Appendix F.

Table 3: Complications in siloxane-related PSO event reports.

Complication Breast Implant I;e;::ﬁt (Lg\?vu/rgZF Colil;iazr:ce Injectable Total
(MRD/FTR/FWM) acw) /GZB) (EZY) (KGM)
Infection 49 12 49 110
Rupture 50 50
Hematoma 23 4 8 35
Tatrogenic Injury 2 4 17 1 1 25
Deflation 18 1 19
Malfunction 10 7 2 19
Paralysis 10 10
Lead issue 9 9
Retained foreign body 3 6 9
Pain 2 6 8
Clinical manifestations 1 6 7
Unsatisfactory Style/Size 7 7




Complication (3':;7:_'1.;1 /I;I\?\ml) I;e[;:ﬁt (Lg\?vu/rgZF Col:lrtlir:lzrnyce Ing';((:it;l))le Total
(acw) /GZB) (EZY)
Fall 6 6
Migration 3 3 6
Malposition/Displacement 5 5
Delayed Wound Healing 4 4
Inflammation/Irritation 3 3
Necrosis 2 2
Wrong site/side/level 2 2
Asymmetry 2 2
Implant erosion 2 2
Seroma 2 2
Cerebritis 1 1
Chest Wall Deformity 1 1
Extrusion 1 1
Wrinkling/Rippling 1 1
Calcification/Calcium 1 1
Deposits
Capsular Contracture 1 1
Lymphedema or 1 1
Lymphadenopathy
Total 173 42 130 1 3 349
Table 4: Harm Score associated with siloxane-related event reports.
Harm Scores (NCC-MERP)
Breast . .
Category Severity (I\: :g/l?__';.; / I:::I:ﬁt (Lg\?vu/rgZF Colilzazr:ce Ing';zt;l))le Total
FWM) acw) /GzB) (EZY)
A No Error 10 4 17 -- -- 31
Bl Error, No Harm - - - 1 1
B2 Error, No Harm 1 - 2 - - 3
C Error, No Harm 18 9 16 - - 43
D Error, No Harm 15 7 19 - - 41
E Error, Harm 43 11 40 1 -- 95
F Error, Harm 19 2 16 - - 37
G Error, Harm 4 - 2 - - 6
H Error, Harm - - - - - -
I Error, Death -- - -- - - -
NULL* 63 9 18 -- 2 92
Total 173 42 130 1 3 349

*Harm score was not reported
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Accident Investigations

Search Criteria: Breast implant, penile implant, neuromodulatory systems, urinary continence devices, injectables.
Antireflux prostheses were added for historical reference and guidance. Investigation files were searched as far back
as 1985 to recover cases pertaining to the above devices.

Search Results: 28 investigations were recovered as summarized in Table 5. Reported patient incidents were
associated, in part, with implant deflation, rupture, and leaking — all of which increase the likelihood of a host
response. There were no investigations of neuromodulatory systems or injectables.

All individual investigations are redacted and included in Appendix F.

Table 5: Accident investigations of patient incidents involving siloxane devices.

Device Type # Investigations | Reported Problem and Findings (number of investigations)
Breast Implant 9 Deflation (3) — needle perforation in subsequent procedure
(FTR/FWM) Capsular Contracture (1) — crease-fold failure, overpressurization

Rupture / Tear (5)— iatrogenic at implantation, manufacturing defect,
design defect

Penile Implant 5 Leaking (1) — iatrogenic at implantation
(ACw) Infilation Deficiency (1)— design defect
Deflation (2) — crease failure, incorrect sizing
Urinary 1 Defiation (1) — material alteration from contact with povidone-iodine
Continence (EZY)
Antireflux 13 Migration
prosthesis Erosion
Leaching

ECRI Problem Reports

Search Criteria: Breast, Mammary, Breast Implant, Breast Prosthesis, Penile Implants, Penile Prosthesis, Urinary,
Neuro, DBS, Deep Brain Stim, Neuromodulation, and Injectables

Search Results: The search returned 23 reports submitted by ECRI members (

Table 6). The reports include device ruptures, erosions, leaking, causing pain, malfunctioning, and unintentional
shocking. All reports, with exception of one neuromodulatory system report, specified that patients required
additional surgeries for device removal.

All problems reports are redacted and included in Appendix F.

Table 6: ECRI Problem Report Summary

Device Type # Problem Reports | Reported Problem (number of problem reports)
Breast Implant 10 Leaking / Rupture / Defiation (6)
(FTR) Infection/ Cellulitis (3)

Malfunction (1)
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Device Type # Problem Reports | Reported Problem (number of problem reports)
Penile Implant 9 Leaking
acw) Pain
Malfunction
Erosion
Device Type # Problem Reports | Reported Problem (number of problem reports)
Neuromodulatory 2 Failure (1)
systems (LGW) Short with Repeated Shocking (1)
Urinary Continence 2 Leaking /Failure (2)
(EZY)
Injectables (KGM) 0 NA

Alerts

Search Criteria: Breast Implants, Penile Implants, AMS 800, Urinary Prosthesis, Neuromodulatory Systems, NMS

Search Results: The search returned 81 alerts related to siloxane implants, summarized in Table 7.

Table 7: Summary of regulatory and manufacturer alerts

Device Type

# Alerts

Problems

Breast Implant
(FTR, FWM)

35

7 issued by regulatory agencies
28 manufacturer-issued

Unapproved composition
Manufacturing errors
Labeling errors

(ALCL)

Penile Implant
acw)

4

All manufacturer-issued

e Component may break
e Labeling
e  Manufacture validation

Neuromodulatory
systems

(LGW/GZF/GZB)

35

All manufacturer-issued

Unexpected stimulation
Damaged materials

Labeling

Loss of communication

e High impedance of components
e Implant site may become warm
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Device Type

# Alerts

Problems

Urinary Continence
(EZY)

7

All manufacturer-issued

Unintended activation
Manufacturer quality compliance
Packaging problems

IFU update

Injectables (KGM)

1

Manufacturer-issued recall

NA
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Potential Gaps

ECRI surveillance searches reflect mostly acute patient incidents that involved medical devices made of the material
of interest, in this case siloxane. Areas of particular concern involve incidents that result in direct tissue exposure to
the material if there is moderate to high-quality evidence of acute or systemic reaction to this exposure, as
determined by the systematic review. Topics with very low or low quality of evidence represent areas of potential
gaps in the literature. In addition if the literature revealed areas of new concern (e.g., systemic response to long-
duration contact) and there is little supporting evidence, these are considered gaps.

With the exception of the literature concerning silicone breast implants, the literature for silicone/siloxane generally
lacked data on patient-related or material-related factors that influence the likelihood and/or severity of sustained,
exaggerated systemic responses.

Siloxane/silicone as a material: only one human study reported systemic response of siloxane material and
its relevance to medical device applications is questionable. This study was related to accidental inhalation of
alkylsiloxanes in an industrial setting. The few animal studies for systemic response reported no serious adverse
outcomes.

Breast implants: There is sufficient evidence in the literature and surveillance search addressing risk of local
host response including capsular contracture, rupture, and pain. The systemic response literature, however, has low-
quality evidence when potential confounding factors and rarity of the reported responses in large population studies
are considered. In addition, there was only one human study on systemic response for siloxane material, which was
unrelated to medical device applications. Additional research is indicated to address systemic response to breast
implants.

Silicone injectables: The overall quality of evidence was low and was very low for systemic response. One
study reporting hypercalcemia related to granulomas could indicate further research. The surveillance search
produced very few reports and only one manufacturer recall. Additional research in FDA's databases may be
indicated to determine the risk associated with silicone injectables and thus the need for additional studies.

Neuromodulatory systems: No human studies on neuromodulatory systems met inclusion criteria. The
animal studies were consistent in showing fibrous tissue growth in response to neuromodulatory implants containing
silicone, with moderate quality of evidence. Systemic response data were limited to one animal study, thus quality of
evidence was low. The amount of data in the surveillance searches for neuromodulatory systems was considerable;
however, most data were associated with device malfunction, which can result in significant harm, rather than
inadequate biocompatibility. There were some reports in the PSO data of “clinical manifestation” and pain, both of
which could indicate the need for further biocompatibility research.

Silicone oil for ophthalmic uses: The quality of evidence was low for ophthalmic oil risk given that the
majority of the studies were uncontrolled case series. Further research is indicated to determine whether vision loss
associated with silicone oil tamponade is due to silicone toxicity or another mechanism related to silicone oil in the
eye.

Penile implants and urinary continence devices: No studies met inclusion criteria for penile implants
and urinary continence devices. There were very little data in these categories from the surveillance searches as well.
These devices are of less concern with regard to biocompatibility.
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Appendix A. Inclusion/Exclusion Criteria and Quality of Evidence
Criteria

Inclusion Criteria

HPOnNE

English language publication

Published between January 2010 and July 2020

Human and animal studies

Systematic reviews, randomized controlled trials, cohort studies, case-control studies, cross-sectional
studies, case series

Studies that evaluate toxicity/biocompatibility of siloxanes/silicone or priority devices that include this
material

Exclusion Criteria

XN hAWNE

Foreign language publication

Published before January 2010

Not a study design of interest (e.g., in vitro lab study, case report, narrative review, letter, editorial)
Off-topic study

On-topic study that does not address a key question

No device or material of interest

No relevant outcomes (adverse events or biocompatibility not reported)

Study is superseded by more recent or more comprehensive systematic review

Quality of Evidence Criteria

1.

Quality of comparison — is there evidence from systematic reviews including randomized and/or matched
study data and/or randomized or matched individual studies?

Quantity of data — number of systematic reviews and individual studies (human and animal) providing
relevant data.

Consistency of data — are the findings consistent across studies that report relevant data?

Magnitude of effect — in human and animal studies, what is the likelihood of adverse effects compared to
controls (with no device, lower dosage, shorter exposure time), and possibly number of patients likely to
have harms.

Directness of evidence — do human studies isolate the effect of the device (i.e. can the adverse effects
be attributed to the device)? Animal studies are indirect but may provide the best evidence for the material
itself.

Is there evidence of a dose response or time response (e.g. adverse effects increase with longer
exposure time)?
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Appendix B. Search Summary

Strategies crafted by ECRI's medical librarians combine controlled vocabulary terms and free-text words in conceptual
search statements that are joined with Boolean logic (AND, OR, NOT).

Most medical bibliographic databases such as Medline and Embase include detailed controlled vocabularies for
medical concepts accessible through an online thesaurus. Controlled vocabularies are a means of categorizing and
standardizing information. Many are rich ontologies and greatly facilitate information transmission and retrieval.
Frequently seen examples of controlled vocabularies include ICD-10, SNOMED-CT, RxNorm, LOINC, and CPT/HCPCS.

Citations in PubMed are indexed with MeSH terms and those in Embase are indexed with terms from EMTREE. These
terms are assigned either by a medical indexer or an automated algorithm. Several terms are selected to represent
the major concept of the article — these are called “major” headings. This “major” concept can be included in search
strategies to limit search retrieval. The syntax in Embase for this is /mj. We have used this convention in our
strategies sparingly since indexing is subjective and we are using a sensitive search approach which errs in the
direction of comprehensiveness.

Database providers build functionality into their search engines to maximize the usefulness of indexing. One of the
most frequently used shortcuts is term explosion. “Exploding” in the context of hierarchical controlled vocabularies
means typing in the broadest (root or parent) term and having all the related more specific terms included in the
search strategy with a Boolean OR relationship. We use term explosions whenever feasible for efficiency. Feasibility
depends on whether you wish to include all of the related specific terms in your strategy. For example, in one of our
approaches we explode the Emtree concept mechanics. This explosion automatically added the all the following
terms (n = 174) and their associated entry terms (lexical variants and synonyms) to the strategy using an "OR"”
without the searcher having to type them in. That’s one of the major advantages to searching using controlled
vocabularies. We don't rely exclusively on controlled vocabulary terms since there are possible limitations such as
inconsistent indexing and the presence of unindexed content. That’s why we also include free text words in our
strategies.

Material: Siloxanes

Set
Number | Concept Search statement

1 Siloxanes 'dimethyl polysiloxan' OR 'dimethyl polysiloxane' OR
'dimethylpolysiloxan*' OR 'dimethylpolysiloxane' OR
'dimethylpolysiloxanes' OR 'dimethyl siloxane' OR 'dimethylsiloxane’
OR 'polydimethyl siloxane' OR 'polydimethylsiloxane' OR 'poly
dimethyl siloxane' OR 'polysilan*' OR 'polysilane' OR 'sentry
dimethicone' OR polysiloxan*

2 silicone* OR siloxane* OR siloxone* OR 'silicone gel' OR 'silicone
elastomer™ OR 'silicone polymer* OR 'silicone*shell'

dimeth* NEAR/3 (polysilox* OR siloxan* OR siloxon*)

silastic

‘organosilicon derivative’/exp

‘silicone oil’

N (o o |~ w

Combine sets #1 OR #2 OR #3 OR #4 OR #5 OR #6
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Set

Number | Concept Search statement

8 Exclude #7 NOT (simethicone OR dimeticone OR biosensor* OR
concepts immunosensor*)

9 Limit by #8 AND [english])/lim AND [2010-2020]/py
language and
publication date

10 Limit by #9 NOT ('book'/it OR 'chapter'/it OR 'conference abstract'/it OR

publication type

‘conference paper'/it OR 'conference review'/it OR 'editorial'/it OR
‘erratum'/it OR 'letter'/it OR 'note'/it OR 'short survey'/it OR
‘tombstone'/it)

Material Response

Set

Number | Concept Search statement

11 '‘biocompatibility'/de OR biocompat* OR tribolog* OR 'bio compat* OR
'biological* compat™ OR 'biological* evaluation'

12 ‘degradation'/exp OR degradation OR degrad* OR split OR splitting
OR split* OR wear OR deteriorat* OR atroph* OR migrat* OR
movement OR shift* OR transfer* OR 'delamination’/exp OR
delamina* OR leach* OR filtrate OR filter* OR seep*

13 Leachable* OR extractable*

14 (swell* OR shrink* OR contract* OR stretch* OR retract* OR extension
OR extend* OR deform* OR creep OR plasticity OR degrad* OR
disintegrat*) NEAR/3 (implant* OR mesh* OR sling* OR tape* OR
suture™)

15 ‘mechanics’/exp
[see Emtree explosions section at the end of the strategy]

16 ‘device material’/exp/mj

17 ‘Biomedical and dental materials’/exp/mj

18 Combine sets #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17

Devices

Set

Number | Concept Search statement

19 Neurostimulators | ‘implantable neurostimulator’/exp
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Set

Number | Concept Search statement

20 ('nerve’ OR 'ac powered nerve' OR 'battery powered nerve' OR
'neuromuscular' OR 'peripheral nerve' OR 'spinal cord' OR 'spinal
ganglion' OR 'neuro' OR nerv* OR neural) NEAR/5 (implant* OR
stimulator*)

21 ‘electrostimulation'/exp OR 'nerve stimulator'/exp

22 (electric OR electrode* OR electronic OR lead OR leads) NEAR/5
(implant* OR stimulator*)

23 'implant’/exp OR implant OR implantation OR implanted OR implant*
OR stimulator*

24 ‘penis prosthesis’/exp

25 (penis OR penile) NEAR/2 (prosthes* OR prosthet* OR implant*)

26 Combine sets #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25

citations.

Note: A search filter was created for breast implants but ultimately was not used for this search. The
results from the materials response and host response searches captured the relevant breast implant

Host Response

Set

Number | Concept Search statement

27 Host NEAR/2 (reaction* OR response*)

28 ‘toxicity’/exp OR toxic*:ti OR cytotox* OR teratogenic* OR genotox*
‘carcinogenicity’/exp OR carcinogen*:ti

29 (‘fibrosis'/exp OR fibrosis OR fibrotic) AND (‘postoperative
complication'/exp OR implant* OR mesh* OR sling* OR tape*)

30 ‘immune response’/exp OR ‘immunity’/exp/mj OR
‘hypersensitivity’/exp OR ‘immunopathology’/exp/mj

31 Immun*:ti OR autoimmun*:ti OR hypersens*:ti

32 ‘inflammation’/exp OR inflamm™*:ti
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Set

Number | Concept Search statement

33 ‘foreign body reaction’ OR granuloma*

34 ('adhesion'/exp OR 'tissue adhesion'/exp OR 'biomechanics'/exp OR
biocompat*)

35 ('tissue adhesion'/exp OR adhes*) AND (‘postoperative
complication'/exp OR implant* OR mesh* OR sling* OR tape*)

36 (‘erosion’/exp OR ‘mesh erosion’/exp OR eros* OR erod*)

37 Expos* AND (implant* OR mesh* OR sling* OR tape* OR suture*)

38 (protrude™ OR protrus®) NEAR/3 (implant* OR mesh* OR sling* OR
tape* OR suture*)

39 Migrate OR migration

40 Combine sets #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR

#35 OR #36 OR #37 OR #38 OR #39

Alternate Approaches

Set

Number | Concept Search statement

41 By periodical title | (material* OR biomaterial*):jt

42 (‘physical parameters’/exp/mj OR ‘mechanics’/exp/mj) AND
([humans]/lim OR [animals]/lim)

43 Combine sets #41 AND #42

Other combinations
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Set
Number

Concept

Search statement

#44

Siloxanes AND
Material
Response AND
Alternate
Approaches

#10 AND #18 AND #43

#45

Siloxanes AND
Host Response

#10 AND #40

#46

Devices AND
(Material
Response OR
Host Response
OR Alternate
Approaches)

(#26 AND (#18 OR #40 OR #43)

#47

Combine all

#44 OR #45 OR #46

Emtree term explosions

Mechanics/exp

e Biomechanics

e Compliance (physical)

e  Compressive strength

o Bladder compliance
o Blood vessel compliance
= Artery compliance
= Vein compliance
o Heart muscle compliance
= Heart left ventricle compliance
= Heart ventricle compliance
o Lung compliance

e Dynamics

o Compression

o Computational fluid dynamics

o Decompression
=  Explosive decompression
=  Rapid decompression
=  Slow decompression

=  Gravitational stress
=  Microgravity
=  Weight

Body weight
o Birth weight
= High birth weight
=  Low birth weight
e  Small for date infant
e Very low birth weight
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o

o

o Extremely low birth weight

e Body weight change
Body weight fluctuation
Body weight gain

= Gestational weight gain
o Body weight loss

= Emaciation
Body weight control
Fetus weight
Ideal body weight
Lean body weight

o Live weight gain
Dry weight
Fresh weight
Molecular weight
Organ weight

o Brain weight
Ear weight
Heart weight
Liver weight
Lung weight
Placenta weight
Spleen weight
Testis weight
Thyroid weight
Uterus weight

e Seed weight

e Tablet weight

e  Thrombus weight
Weightlessness

o O

o O O O

O 0O 0O 0O 0O O O O O

Hydrodynamics

Hypertonic solution
Hypotonic solution
Isotonic solution
Osmolality

e  Hyperosmolality

e  Hypoosmolality

e Plasma osmolality

e  Serum osmolality

e  Urine osmolality

Osmolarity
e  Blood osmolarity
e  Hyperosmolarity
e  Hypoosmolarity

Plasma osmolarity
e  Serum osmolarity
e  Tear osmolarity
e  Urine osmolarity
Osmosis
e  Electroosmotic
e  Osmotic stress
o  Hyperosmotic stress
o  Hypoosmotic stress

Photodynamics

Photoactivation
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e  Photoreactivation
=  Photodegradation
=  Photoreactivity
e  Photocytotoxicity
e  Photosensitivity
e  Photosensitization
e  Phototaxis
e  Phototoxicity
=  Photostimulation
Proton motive force
o Shock wave
= High-energy shock wave
Stress strain relationship
o  Thermodynamics

=  Adiabaticity
=  Enthalpy
=  Entropy

Elasticity
o Viscoelasticity
o Young modulus
Force
Friction
o  Orthodontic friction
Hardness
Kinetics
o Adsorption kinetics
o Flow kinetics
=  Electroosmotic flow
=  Flow rate
=  Gas flow
= Laminar airflow
=  Laminar flow
= Powder flow
e Angle of repose
e Hausner ration
= Pulsatile flow
= Shear flow
= Thixotropy
= Tube flow
=  Turbulent flow
=  Vortex motion
= Water flow

o Motion
= Coriolis phenomenon
= Rotation
=  Vibration
e Hand arm vibration
e High frequency oscillation
e  Oscillation
e  Oscillatory potential
¢  Whole body vibration
o Velocity

= Acceleration
=  Deceleration
=  Processing speed
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= Wind speed
e Mass
o Biomass
=  Fungal biomass
=  Immobilized biomass
= Microbial biomass
Body mass
Bone mass
Dry mass
Fat free mass
Fat mass
Heart left ventricle mass
o Kidney mass
e  Materials testing
e  Mechanical stress
o Contact stress
o Contraction stress
o Shear stress
o Surface stress
o Wall stress
Mechanical torsion

O O O O O O

°
e Molecular mechanics
e Plasticity
e  Pliability
e Quantum mechanics
o  Quantum theory
e Rigidity
e Torque
e Viscosity

o Blood viscosity
=  Plasma viscosity
Gelatinization
Shear rate
Shear strength
Shear mass
Sputum viscosity

O O O O O

Viscoelasticity Organosilicon derivative/exp

e 1 ethoxysilatrane

e 2 (2 trimethylsilylethylthio)ethylamine

e 2 [2 (dimethylphenylsilyl)ethylthio]ethylamine

e 3 aminopropyltriethoxysilane

e 3 decyldimethylsilyl n [2 (4 methylphenyl) 1 phenylethyl]propionamide
e 5 fluoro 3,4 dihydro 2,4 dioxo n (4,4 dimethyl 4 sila 5 hexenyl) 1(2h) pyrimidinecarboxamide
e abil b 8843

e allyltrimethylsilane

e amsilarotene

e  chlorotrimethylsilane

e cyclohexyl(phenyl)(2 piperidinoethyl)silanol

e Dimeticone

e Dirocaftor

e ethylmethyl(1 silatranylmethyl)sulfonium iodide

e fluorosilicone

e flusilazole
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hexahydrosiladifenidol

hexahydrosiladifenidol derivative

hexamethyldisiloxane

hydrotalcite plus simethicone
loperamide plus simethicone

n [2 [2 (dimethylphenylsilyl)ethylthio]ethyl] 5 fluoro 3,4 dihydro 2,4 dioxo 1(2h) pyrimidinecarboxamide

organically modified ceramic
para fluorohexahydrosiladifenidol

polysiloxane
silahexocyclium

silane

silane derivative
silanol

silastic

silastic 382

silatrane derivative
silicone

silicone derivative
silicone gel

silicone oll

silorane

siloxane

Silperisone
Simethicone
Tetraethoxysilane
Tetramethoxysilane
Trimethoxymethylsilane
Trimethoxyoctadecylsilane
trimethylsilyl derivative
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Appendix C: Study Flow Diagram

o . 1,022 Citations Excluded at the Title Level
2,740 Citations Identified by Searches » Citations excluded at this level were off-topic or not
published in English.

1,451 Citations Excluded at the Abstract Level
Citations excluded at this level were not a study
design of interest, clearly did not address a key
question, did not report on a device of interest, or did
not report an outcome of interest.

1,718 Abstracts
Reviewed

A\ 4

113 Citations Excluded at 1% Pass Full Article Level
Articles excluded at this level did not: address any key
question, meet inclusion criteria for study design,
include a device of interest, or report an outcome of
interest.

A 4

265 Full-length Articles Reviewed

30 Citations Excluded at 2™ Pass Full Article Level

Upon further review, these studies did not report an
outcome of interest, did not address a key
question, did not include a device of interest, or
were superseded by an included systematic
review (i.e., the study was represented in a
systematic review that was already included).

152 Articles
Reviewed

\ 4

122 Included Studies
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Appendix D. Evidence Tables

Table 8: Silicone or Siloxane as a Material — Health Effect (In Vivo) Human Studies

Local and Systemic Response/Toxicity

Source Citation: Duch et al. 2014*
Study Design: Case series
Device or Material: Non-fluorinated alkylsiloxanes
Contact Duration: 10 to 150 minutes
Dose: 30 L of tile-coating product Stain Repellent Super (SRS), about 3.2 g/m3 (22,800 g in 7220 m3)
Frequency/Duration: One industrial exposure. SRS aerosols were visible for hours

Response: Bilateral perihilar infiltrates, Chest pain, Coughing, Elevated CRP, Fever, General malaise,
Headache, Leukocytosis, Shortness of breath, Tachycardia, Tachypnea

Patient characteristics (gender, mean age): 29 males, median age 33 years.
Number per group: 39

Observations on adverse effects (brief): Exposure to non-fluorinated alkylsiloxanes in a tile-coating product
caused tachycardia and severe respiratory symptoms in 38% and 7% of exposed individuals,
respectively. Symptoms included coughing (100%), shortness of breath (74%), chest pain (20%),
general malaise (49%), headache (46%), tachycardia (38%), tachypnea (51%), and fever (66%).
Radiographs of 66% individuals with severe respiratory symptoms indicated bilateral perihilar
infiltrates, leukocytosis, and elevated CRP levels. The patients generally recovered within 72 hours.
No delayed effects but 15 patients still had shortness of breath during hard physical work 2 months
later.

Timing of adverse effects: Within 1 to 12 hours.

Factors that predict response: Smoking (median pack years: 7, range 1 to 40), ischemic heart disease
(NYHA II), increased age were associated with a few cases with severe symptoms. Dose-response
was not straightforward, as only 1 of 5 patients with high-dose exposure had severe symptoms. None
of the workers reported any sensory irritation in the eyes or airways related to the spraying event.
This is important in relation to risk assessment, because workers may be exposed to even very high
concentrations without feeling discomfort, that is the product does not provide a ‘warning signal.’

Other Toxicity/Carcinogenicity
No Studies

CRP = C-reactive protein; NYHA = New York Heart Association

Table 9. Silicone or Siloxane as a Material — Health Effect (In Vivo) Animal Studies

Local Response/Toxicity

Source Citation: Chen et al. 20192
Study Design: Controlled study
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Device or Material: Polydimethyl-siloxane (PDMS) (co-polymer modified or untreated — untreated used as
control group)

Route: Subcutaneous implant
Dose: NR

Frequency/Duration: 1 month
Response: Local FBR to implant
Species (strain): Nude mouse
Gender: Female

Number per Group: 3

Observations on adverse effects (brief): Capsule thickness was 270 + 49 ym in untreated PDMS group
compared with 142 £ 23 pym in co-polymer modified PDMS group.

Timing of adverse effects: 1 month
Data Quality: NR

Source Citation: Lee et al. 20193
Study Design: Controlled study
Device or Material: PDMS treated or untreated (control group)
Route: Subcutaneous implant
Dose: NR
Frequency/Duration: 2 to 8 weeks
Response: FBR
Species (strain): Sprague-Dawley rat
Gender: male
Number per Group: NR

Observations on adverse effects (brief): Untreated PDMS had highest inflammation markers, macrophage
number, and collagen density.

Timing of adverse effects: 2 to 8 weeks
Factors that predict response: NR
Data Quality: NR

Source Citation: Bae et al. 2018*
Study Design: Controlled study
Device or Material: Silicone implants
Route: Subcutaneous implant
Dose: NR
Frequency/Duration: 8 weeks
Response: Capsular contracture, Inflammation, Fibrosis
Species (strain): Mice

Gender: Male
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Number per Group: 6

Observations on adverse effects (brief): FBR
Timing of adverse effects: 8 weeks

Factors that predict response: NR

Data Quality: NR

Source Citation: Colak et al. 2018°
Study Design: Randomized controlled study

Device or Material: Silicone block implants (untreated control group, saline-injection control group, IV
dexamethasone group, 1V plus intraperitoneal dexamethasone group)

Route: Subcutaneous implant

Dose: NR

Frequency/Duration: 70 days
Response: FBR

Species (strain): Sprague Dawley rat
Gender: Female

Number per Group: 8

Observations on adverse effects (brief): Untreated control had thickest capsule, myofibroblast proliferation
was significantly increased in controls.

Timing of adverse effects: Within 70 days

Factors that predict response: TLR4 system suppression reduces capsule thickness and myofibroblast
proliferation.

Data Quality: NR

Source Citation: Li et al. 20186

Study Design: Controlled study

Device or Material: Poly(citrate-siloxane) (PCS) elastomer
Route: Subcutaneous implant

Dose: NR

Frequency/Duration: 2 to 4 weeks

Response: Inflammation

Species (strain): Rat

Gender: Male

Number per Group: NR

Observations on adverse effects (brief): Indicators of inflammation were highest in the untreated PCS.
Timing of adverse effects: 2 to 4 weeks

Factors that predict response: NR

Data Quality: NR
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Source Citation: Yoo et al. 20187
Study Design: Controlled study

Device or Material: PDMS

Route: Subcutaneous implant

Dose: NR

Frequency/Duration: 2 to 8 weeks
Response: FBR, capsular contracture
Species (strain): Sprague-Dawley rat
Gender: NR

Number per Group: 18

Observations on adverse effects (brief): Indicators of inflammation were higher in the bare PDMS implant.
Higher number of fibroblasts and higher collagen density.

Timing of adverse effects: NR
Factors that predict response: NR
Data Quality: NR

Source Citation: Dekant et al. 20178
Study Design: Systematic review

Device or Material: Octamethyl-cyclotetrasiloxane (D4), a cyclic siloxane primarily used as a monomer or
intermediate in the production of silicone polymers

Route: Chronic inhalation

Dose: Male and female F344 rats (60 rats/sex/dose) were exposed to 0, 10, 30, 150, or 700 ppm D4 vapor
for 6 hr/day, 5 days/week for up to 104 weeks in whole-body inhalation chambers.

Frequency/Duration: 2-year chronic toxicity

Response: Increases in liver weight, Nephropathy, Incidence of proliferative uterine endometrial lesions
Species (strain): F344 and Sprague-Dawley rat

Gender: Male and Female

Number per Group: 60

Observations on adverse effects (brief): Increases in uterine endometrial cystic hyperplasia and adenomas
were observed at the highest concentration of D4 administered (700 ppm).

Timing of adverse effects: During 2-year period.
Factors that predict response: NR
Data Quality: XXX

Source Citation: Huang et al. 2017°
Study Design: Controlled study

Device or Material: Silicone implant

Route: Subcutaneous implant

Dose: NR

Frequency/Duration: Implant collected at 7, 8, 9, 10, 11, and 14 days

Response: Localized immune response
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Species (strain): Sprague-Dawley rat.
Gender: Male
Number per Group: 18 silicone implant (3 at each time point) and 3 sham control.

Observations on adverse effects (brief): Silicone implants are responsible for triggering a localized immune
response.

Timing of adverse effects:

Factors that predict response: 5 genes (Fes, Aifl, Gata3, TIr6, TIr2) were identified as hub genes that are
most likely related to the silicone-induced immune response, 4 of which (Aifl, Gata3, TIr6, TIr2) have
been associated with autoimmunity as target genes or disease markers.

Data Quality: NR

Source Citation: Lei et al. 201610
Study Design: Controlled study

Device or Material: Silicone rubber
Route: Subcutaneous implant

Dose: NR

Frequency/Duration: 7, 15, and 30 days
Response: FBR

Species (strain): Sprague Dawley rat
Gender: Female

Number per Group: 16 total

Observations on adverse effects (brief): Inflammatory reaction was greatest in untreated implants. Fibrous
capsules were thicker in untreated implants.

Timing of adverse effects: 30 days
Factors that predict response: NR
Data Quality: NR

Source Citation: Zhou et al. 2016
Study Design: Controlled study

Device or Material: Carbon ion silicone rubber

Route: Subcutaneous implant

Dose: NR

Frequency/Duration: 7, 30, 90, and 180 days after implantation
Response: Local inflammation, FBR

Species (strain): Sprague-Dawley rat

Gender: Female

Number per Group: 16 total, 4 per group

Observations on adverse effects (brief): Silicone rubber implants are associated with local inflammation,
foreign body response. At 7 days after implantation, silicone rubber had the thinnest tissue capsules,
and carbon ion silicone rubber (C1, C2, and C3) had thicker (p > 0.05) and weaker tissue capsules.
Carbon ion silicone rubber had obviously lower collagen deposition than silicone rubber.
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Timing of adverse effects: NR
Factors that predict response: NR
Data Quality: NR

Source Citation: Dearth et al. 201512
Study Design: Controlled study

Device or Material: Silicone membranes

Route: Abdominal implant

Dose: NR

Frequency/Duration: 4, 8, 12 weeks

Response: Silicone-induced capsule formation and contracture
Species (strain): Sprague Dawley rat

Gender: Female

Number per Group: 5

Observations on adverse effects (brief): Decreased thickness of the collagenous tissue layer at biologic
scaffold/silicone interface compared to the abdominal wall/silicone interface.

Timing of adverse effects: 4 to 12 weeks.
Factors that predict response: NR
Data Quality: NR

Source Citation: Gellynck et al. 201513
Study Design: Controlled study

Device or Material: PDMS

Route: Subcutaneous implant

Dose: NR

Frequency/Duration: 1 and 3 months

Response: FBR

Species (strain): Goat

Gender: Female

Number per Group: 6

Observations on adverse effects (brief): Response was limited.
Timing of adverse effects: Within 3 months.

Factors that predict response: : Implants were doughnut shaped.
Data Quality: NR

Source Citation: Kim et al. 20154
Study Design: Controlled study

Device or Material: Silicone implant with smooth surface

Route: Subcutaneous implant
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Dose: NR

Frequency/Duration: 2 months

Response: FBR

Species (strain): Sprague Dawley rat

Gender: Female

Number per Group: 52 divided into 3 groups: 16, 18, and 18.

Observations on adverse effects (brief): Capsule formation in control group was 188.5 um.
Timing of adverse effects: 2 months

Factors that predict response: Increase in blood flow decreased inflammatory response.
Data Quality: NR

Source Citation: Bergmann et al. 2014'>
Study Design: Controlled study

Device or Material: Silicone gel-filled implant, textured versus smooth
Route: Subcutaneous implant

Dose: NR

Frequency/Duration: 60 days

Response: Acute and chronic inflammation, Fibrotic capsule tissue formation, Capsule contraction
Species (strain): Wistar rat

Gender: Female

Number per Group: 20

Observations on adverse effects (brief): NR

Timing of adverse effects: Within 60 days.

Factors that predict response: NR

Data Quality: NR

Source Citation: Duch et al. 2014' Animal study
Study Design: Controlled study

Device or Material: Alkylsiloxanes

Route: Breathing of aerosol

Dose: 59 mg/m3 to 5,700 mg/m3

Frequency/Duration: 10 to 60 minutes

Response: Concentration- and time-dependent decrease in the tidal volume
Species (strain): BALB/cA mice.

Gender: Male

Number per Group: 10

Observations on adverse effects (brief): NR

Timing of adverse effects: Within 60 minutes

Factors that predict response: NR
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Data Quality: NR

Source Citation: Hosseinpour et al. 201416
Study Design: Controlled study

Device or Material: Silicone versus latex catheters

Route: Catheters placed in the urethra, hypospadias-like defect was created by a 1 cm long excision of the
ventral urethra

Dose: NR

Frequency/Duration: 10 days

Response: No urinary tract infections in silicone group, silicone not responsible for cystitis development
Species (strain): Rabbit with hypospadias.

Gender: Male

Number per Group: 20

Observations on adverse effects (brief): Silicone not responsible for inflammation or cystitis.

Timing of adverse effects: 10 days

Factors that predict response: NR

Data Quality: NR

Source Citation: Hsueh et al. 20147
Study Design: Randomized controlled with sham control

Device or Material: Medical grade silicone tube, treated and untreated
Route: Sciatic nerve transection model

Dose: NR

Frequency/Duration: 6 weeks

Response: Inflammation

Species (strain): Sprague-Dawley rat.

Gender: Male

Number per Group: NR

Observations on adverse effects (brief): Untreated silicone tubes had increased inflammatory reaction and
less nerve growth.

Timing of adverse effects: 6 weeks
Factors that predict response: NR
Data Quality: NR

Source Citation: Park et al. 201418
Study Design: Controlled, each animal received a treated and non-treated implant

Device or Material: Polydimethyl-siloxane silicone elastomer implant
Route: Subcutaneous implant
Dose: NR

Frequency/Duration: 4 and 12 weeks
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Response: Local inflammation
Species (strain): Sprague-Dawley rat
Gender: Female

Number per Group: 24

Observations on adverse effects (brief): Capsule formation was thicker and number of inflammatory cells
were greater in the non-treated group. Other indicators of inflammation were greater in non-treated

group.
Timing of adverse effects: Within 4 weeks.
Factors that predict response: NR

Data Quality: NR

Source Citation: Steiert et al. 20141°
Study Design: Controlled study

Device or Material: Silicone disks
Route: Subcutaneous implant
Dose: NR

Frequency/Duration: 12 weeks
Response: Local inflammation
Species (strain): C57/BL6 mice
Gender: Female

Number per Group: 5

Observations on adverse effects (brief): Untreated silicone implants showed more local inflammatory
response.

Timing of adverse effects: within 12 weeks.

Factors that predict response: Demonstrated that the activation of a silicone surface with a vectored
antibody influences the surrounding tissue.

Data Quality: NR

Source Citation: Vijayalakshmi et al. 201320
Study Design: Randomized controlled study

Device or Material: Polydimethylsiloxane (PDMS), silicone, and silicone plus silica, each was extracted into
saline for injection

Route: Intraperitoneal injection

Dose: Normal saline control, cyclophosphamide positive, control, and unknown amount of PDMS, silicone,
and silicone plus silica

Frequency/Duration: 24 and 48 hours

Response: PDMS and silicone did not induce oxidative stress responses
Species (strain): Swiss albino mice

Gender: Male and female

Number per Group: 12 each for 5 groups.
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Observations on adverse effects (brief): Liver tissue homogenates showed no increased oxidative stress
except for cyclophosphamide positive control.

Timing of adverse effects: NR
Factors that predict response: NR
Data Quality: NR

Source Citation: Bergmann et al. 20122
Study Design: Controlled study

Device or Material: Silicone implants, smooth vs. titanium-coated

Route: Subcutaneous implant

Dose: NR

Frequency/Duration: 12 and 36 weeks

Response: Chronic inflammation

Species (strain): Wistar rat

Gender: Female

Number per Group: 17 smooth saline-filled implant and 14 saline-filled titanium-coated silicone implants.

Observations on adverse effects (brief): Chronic inflammatory reaction seen for both implants. No significant
differences between capsule thickness, signs of inflammation, or presence of blood vessels.

Timing of adverse effects: Within 36 weeks.
Factors that predict response: Increased cellular infiltration with conventional silicone implants.
Data Quality: NR

Source Citation: Fleckman et al. 201222
Study Design: Controlled study

Device or Material: Silicone implants, each mouse was implanted with 1 porous/solid poly(HEMA) rod and 1
porous/solid silicone rod

Route: Subcutaneous implant

Dose: NR

Frequency/Duration: 14 days, 1, 3, and 6 months
Response: Mild inflammation

Species (strain): C57BL/6 mice.

Gender: Female

Number per Group: 32

Observations on adverse effects (brief): Silicone implant showed greater skin contraction, but both showed
little inflammation.

Timing of adverse effects: Within 6 months.
Factors that predict response: NR
Data Quality: NR

Source Citation: Jensen et al. 201223
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Study Design: Controlled study

Device or Material: Polydimethyl-siloxane implant with and without water vapor plasma treatment
Route: Subcutaneous implant

Dose: NR

Frequency/Duration: 2 and 4 weeks

Response: Capsule formation, Mild inflammation

Species (strain): Wistar rat.

Gender: Female

Number per Group: 20 total

Observations on adverse effects (brief): Thin fibrotic capsules and mild inflammatory reactions were noted
surrounding the implants.

Timing of adverse effects: Inflammatory response.
Factors that predict response: : Capsule thickness was less around treated implants.
Data Quality: NR

Source Citation: Kolb et al. 20122
Study Design: Controlled study

Device or Material: Silicone granule coated polypropylene scaffold

Rou