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Preface

To begin, we reflect that the need for this report and the oft-cited
deficiencies of the research relevant to silicone breast implants both de-
rive from the fact that silicone breast implants were widely used before
there was any requirement for premarket assessment of toxicity and com-
plications or any form of prior approval or licensing for all medical
devices. For many years there were no requirements to document the
composition of implants or the specific model that was implanted in a
particular individual. Further, there was no systematic, comprehensive,
postmarketing surveillance of the long-term positive and negative conse-
quences of silicone breast implantation. In the absence of structured re-
quirements for risk assessment before 1992, much of the literature on
aspects of silicone breast implants is anecdotal, lacking in appropriate
controls, or otherwise of little value in establishing risk. This report stands
as strong evidence of the need for thorough and systematic assessment of
medical devices prior to their utilization and for continuing assessment
after widespread utilization to discover any rare complications that pre-
marketing studies of feasible size might not demonstrate. In the judgment
of the committee, however, there have now been sufficient studies of
quality to reach a number of well-based conclusions.

Several important events have occurred since this study was initi-
ated. A major class action litigation, brought on behalf of women with
silicone breast implants, was settled with a substantial award to the plain-
tiffs. Meanwhile, a court turned to a panel of experts for advice on specific
issues before the court concerning health consequences of silicone breast

ix
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implants. The report of the National Science Panel, described in Appen-
dix C, is a substantial work that sets forth clearly and definitively the
strong scientific evidence not always available in the past to courts with
jurisdiction over breast implant litigation. The report of the National Sci-
ence Panel is a model of the provision to the courts of the best available
scientific advice in a matter in which balanced and informed scientific
information and judgment are essential.

The committee considered whether various known disease-related
conditions occur more frequently in women with silicone breast implants
than in women in the general population and also whether there might be
a novel disease syndrome or syndromes in women with silicone breast
implants. To date, proposals for the latter possibility have been based on
criteria that are inadequate for scientific evaluation or confirmation. The
proposed syndromes often involve ill-defined subjective symptoms that
occur with substantial frequency in the general population. Absent a
marker or set of markers to confer specificity, the existence of such a
syndrome cannot be proven or used to exclude or include any individual
or group.

The committee heard directly and indirectly from many women who
suffer severe systemic illnesses that they firmly believe are due to their
silicone breast implants. Many of these women are seriously ill, and the
committee was moved by their suffering. However, the committee is con-
vinced that in most instances the silicone breast implants are not causally
related to these illnesses since such illnesses appear to occur at about the
same frequency in women with silicone breast implants and in women
without implants.

On the other hand, the committee was impressed by what appear to
be the relatively high frequencies of local complications (such as rupture
and contracture) that are unique to women with silicone breast implants.
Although they are not life-threatening, these local complications may re-
sult in discomfort, inconvenience, disfigurement, pain, and other morbid-
ity and when further corrective procedures are necessary, in additional
expense.

Many women with silicone breast implants feel strongly that they
were not provided with adequate information as a basis for consenting to
have these implants. The committee is aware that recall by patients of the
specific conditions and terms of medical consent is imperfect, and it is
aware that several medical organizations have worked diligently to im-
prove the quality of informed consent of patients with silicone breast
implants. The committee believes, however, that more consistent and
higher quality informed consent is possible and, among its recommenda-
tions, urges the development and testing of model processes and systems
for ensuring fully informed consent for future recipients of silicone breast
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implants. A successful system may be applicable to other implantable
devices in the future.

In addition to the acknowledgment in Chapter 1 that many individu-
als and groups helped in the committee’s work, the committee wishes to
express especially its respect and appreciation for the extraordinary work
of Dr. Roger Herdman in serving as director of this study. Dr. Herdman
oversaw the collection of the world’s English language literature on sili-
cone breast implants, and he personally mastered most of it. His database
and the good and important help of his expert assistants, first Annice Hirt
and subsequently Stacey Patmore, made this literature easily available to
the committee. Dr. Herdman's reasoned, systematic, and fact-based ap-
proach earned him the respect and trust of the committee and of inter-
ested parties. Patricia Spaulding did an outstanding job of orchestrating
the flow of information and arranging for meetings. The committee thanks
Dr. Herdman and his staff for all they have contributed to this report.

Stuart Bondurant, M.D. Virginia L. Ernster, Ph.D.
Chair Vice Chair
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Executive Summary

In House Report 104-659, which accompanied a 1997 appropriations
bill, Congress asked the U.S. Department of Health and Human Services
(DHHS) to sponsor a study of the safety of silicone breast implants by the
Institute of Medicine (IOM) of the National Academy of Sciences. Funds
were committed from several sources in DHHS, and the National Insti-
tute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS) was
designated as the lead agency. In late 1997, the IOM agreed to carry out a
comprehensive evaluation of the evidence for the association of silicone
breast implants, both gel and saline filled, with human health conditions,
assemble a comprehensive list of scientific references on this subject, and
to consider recommendations for further research.

Chapter 1 recounts this history and the steps taken by the IOM to
form the committee on the Safety of Silicone Breast Implants and to ar-
range for the preparation of a report with national public and scientific
input, standards for evaluating evidence, and appropriate committee de-
liberations. Data and evidence for an association or for no association of a
health condition with breast implants were ranked as either conclusive/
convincing, limited /suggestive, insufficient, flawed or lacking. A finding
of insufficient or absent data was not meant to imply that more informa-
tion was needed. When this was desirable, and only then, the committee
so noted. Chapter 1 also includes a brief description of the history of
cosmetic breast surgery, cosmetic silicone injections, and the early devel-
opment of silicone implants and continues with a discussion of women’s
satisfaction with breast implants.

Copyright © National Academy of Sciences. All rights reserved.
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Satisfaction is important, both inherently and because women’s toler-
ance for complications influences their demand for medical and surgical
interventions to correct implant problems, which in turn has safety impli-
cations. Yet surveys of satisfaction are often administered by plastic sur-
geons, which may bias results and influence women'’s reporting, and sur-
veys are also often carried out before the likely appearance of some
complications. The response rate itself may be influenced by the degree of
satisfaction or other personal considerations.

The committee arrived at an estimate of 1.5 million to 1.8 million U.S.
women with breast implants in 1997, the year the IOM study began. The
committee estimates that about 70% of these implants were performed for
augmentation, (i.e., enlarging or changing the appearance of the breast),
and 30% for reconstruction, (i.e., restoring the form of the breast after
mastectomy for cancer, fibrocystic disease, or other indications). The com-
mittee also noted that more than 10 million persons in the United States
have some type of implant, such as finger joints or pacemakers, and many
of these implants are made, at least in part, from silicone. A short review
of regulation by the Food and Drug Administration (FDA) explains why
current breast implantation is primarily with saline-filled implants, and
describes the effects of government actions on gel-filled, polyurethane-
coated, and other implants and on the companies that manufactured them.

Silicon is a semimetallic element, and silicone is a family of silicon-
based organic compounds, of which the poly(dimethylsiloxanes) (PDMS)
are prominent members. PDMS compounds are polymers, and the length
and cross-linking of the polymer chain(s) affect the physical properties of
these substances. Implant shells are made from an elastomer, that is, a
high molecular weight, cross-linked rubbery substance, and they are filled
with silicone gel, a less cross-linked spongy substance permeated with
lower molecular weight silicone fluids. Other fillers are possible and in-
clude primarily saline. Chapter 2 describes in summary fashion the chemi-
cal steps in the manufacture of breast implants; Chapters 2 and 4 discuss
the extensive presence of, and wide exposure of citizens in developed
countries to silicones in foods, cosmetics, lubricants for machinery, hypo-
dermic syringes and other products, insulators, and a wide array of con-
sumer products.

Many kinds of implants with very different characteristics, made by
various manufacturers, are described in Chapter 3. The committee was
struck by the great number of changes in silicone breast implants since
they were introduced in 1962. These changes have created different “gen-
erations” of gel-filled implants, which may have very different effects.
The changes were introduced with little or no pretesting for biological or
clinical effects as far as the committee could determine. Varying control of
the diffusion of silicone fluid through gel implant shells, shell strength,
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and therefore durability of both gel- and saline-filled implants, and poly-
urethane coating were among the changes that affected the clinical per-
formance of silicone breast implants in ways that were not predicted in
many instances. The history and implications of polyurethane coating of
breast implants were reviewed, although polyurethane implants have not
been available from U.S. manufacturers since 1991. On the other hand,
changes have been made that have improved implants, as plastic sur-
geons and manufacturers have learned from reports of problems with
existing implant models. Barrier shells, texturing, better valves in saline
implants, and stronger shells that are more resistant to rupture or defla-
tion have been some of these changes.

Study of the toxicology of silicones began in the 1940s. Although
these studies were consistent with the standards of the day, in hindsight
they fall short of current regulatory requirements; in particular, more
chronic, long-term studies would have been desirable. As would be ex-
pected for any large family of organic compounds, some silicones have
toxic or biologic effects, but PDMS fluids, gels, and elastomers were gen-
erally well tolerated on injection or implantation. Like other polymers,
silicone can induce “solid state” carcinogenesis in rodents, but there is no
evidence that this occurs in humans. Studies of the reproductive toxicol-
ogy of PDMS have been negative. Several studies of the distribution of
silicones from depots of experimental gel implantation or fluid injection
have shown that silicones remain localized where deposited and that low
molecular weight silicones which may be mobile to a small extent, are
cleared from the body after relatively short half-lives.

Since the evidence is lacking or flawed that amorphous silica in breast
implant shells is available to, or found in tissues of experimental animals
or humans, or that crystalline silica is formed or present at any time in
women with implants, the toxicology of silica has not been reviewed,
although literature on silica is included in the references. Some investiga-
tors have asserted that platinum catalysts in breast implants may diffuse
through the implant shell, be present in multivalent states, and provoke
toxic reactions. The evidence currently available suggests that platinum is
present only in the zero valence elemental state. Evidence does not sug-
gest there are high concentrations in implants, significant diffusion of
platinum out of implants, or platinum toxicity in humans. In general, the
committee has concluded that a review of the toxicology studies of sili-
cones known to be used in breast implants does not provide a basis for
concern at expected exposures.

Local complications and reoperations have significant implications
for the safety of silicone breast implants, because they may involve risks
themselves and may lead to medical and surgical interventions that have
risks. Local complications were not extensively reviewed in other recent,
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important reports such as those of the Independent Review Group in the
United Kingdom or the National Science Panel appointed by the court to
examine systemic diseases and silicone breast implants. The committee
considered local complications an important aspect of the story of breast
implantation—historically, now, and in the future—for women consider-
ing these implants.

Chapter 5 approaches local complications both from the standpoint of
overall reoperation and complication frequency and during reconstruc-
tion and augmentation. It then examines specific complications. In gen-
eral, the committee concludes that complications are frequent. Specific
complications discussed include implant rupture and deflation, contrac-
ture of the fibrous tissue capsule around implants, and elevated silicone
concentrations in peri-implant tissues. Results with saline versus gel im-
plants, barrier implants, textured implants, steroid-treated implants and
implants in different positions are discussed. The infections, hematomas,
and pain that may accompany implants are also considered.

A number of factors affect the integrity of the silicone elastomer im-
plant shell. These include: shell thickness and strength which can vary
considerably; untoward events such as needle sticks and other trauma
associated with the vagaries of daily life, including closed capsulotomies,
which the committee concludes should be abandoned; and the abrasion
and wear of the implant shell in the body enhanced by wrinkling and fold
flaws. Precise frequencies of the rupture of gel-filled, or the deflation of
saline-filled, implants are not available. The properties of these devices
that can affect rupture or deflation have changed markedly over time,
and particularly in the case of gel implants, it has not been possible to
reliably diagnose and study rupture in an unbiased cross section of im-
planted women. It is safe to say however that, like any device, breast
implants have a finite life span. Rupture frequencies, in the past, have
been considerable, and the rupture rate of current models has yet to be
measured over the relevant periods of time. The deflation of saline im-
plants is more easily diagnosed, but 100% discovery of deflations does
not occur, and deflation frequencies of current models remain to be mea-
sured reliably.

Breast implants, like any foreign body, incite a surrounding fibrous
tissue reaction. This fibrous capsule may contract, distorting the appear-
ance of the implanted breast and causing pain. Contracture may be ap-
parent as early as a few months after implantation, and the committee
finds that it most likely continues over prolonged periods of time. As with
any biologic reaction, some variation in contracture may be expected. The
severity of contracture can differ in the breasts of the same woman. The
exact frequency of contracture is not known because it has varied from
100% with pre-silicone implants to much lower prevalences, depending
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on a number of factors, as modern silicone implants have evolved. Few
studies that have measured contracture have controlled all except one
study variable.

Silicon or silicone levels are elevated in capsular and sometimes breast
tissue around implants, and this may contribute to capsular contracture.
The committee has found suggestive evidence that contracture frequency
is lessened by saline implants and barrier shells that, among other things,
diminish the exposure of peri-implant breast tissue to silicone. Construc-
tion of an implant shell with projections, known as texturing, also appears
to control contracture. The committee reviewed the evidence on the ef-
fects of adrenal corticosteroids on capsular contracture. Although some
data suggest that they may reduce contractures, steroids also cause dam-
age to surrounding breast tissue, are not an FDA approved or manufac-
turer-recommended usage, and may weaken elastomer implant shells.

A number of studies have shown that bacteria can be cultured from
normal breast tissue, even at some depth below the surface of the skin.
These bacteria are skin flora that reside in the lactiferous ducts of the
normal breast, and often can be cultured from implants, where they may
contribute from time to time to infections. There is suggestive evidence
that the presence of bacteria correlates with contracture. A few investiga-
tors have reported finding an association between the presence of bacteria
around implants and systemic symptoms or breast pain, although this
evidence is limited. Hematomas, or collections of blood around implants,
have also been proposed as causes of contracture. Evidence for this is
insufficient. Significant contractures are reported considerably more fre-
quently than clinically observable hematomas. Pain is also a problem in
some women with implants. A number of studies report pain that has
resulted in considerable discomfort and led to the removal of implants.

The committee reached three major general conclusions regarding
local and perioperative complications. First, these complications occur
frequently enough to be a cause for concern and to justify the conclusion
that they are the primary safety issue with silicone breast implants.
Among others, these include overall reoperations, ruptures or deflations,
contractures, infections, hematomas, and pain. Second, risks accumulate
over the lifetime of the implant, but quantitative data on this point are
lacking for modern implants and are deficient historically for a number of
reasons that have been noted in this report. Among these are lack of data
from representative samples of the population, lack of information on
implant characteristics that affect complications, and lack of precise and
reliable detection of complications. Third, information concerning the
nature and relatively high frequency of local complications and
reoperations is an essential element of adequate informed consent for
women undergoing breast implantation.
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Chapters 6 through 8 evaluate the immunology of silicone, the rela-
tionship of antinuclear and other autoantibodies to breast implants, and
the association of breast implants with classic connective tissue disease,
undifferentiated connective tissue disease, and proposed new signs,
symptoms, or novel disease. Studies in experimental animals have re-
ported modest adjuvant effects of silicone gel and some silicone fluids,
but no clinical implications of adjuvant effects have been discovered.
Human adjuvant disease is not a defined disease, and the term should be
abandoned. Other animal studies have not elucidated a role for silicone in
immune disease. Cytokine assays have not provided conclusive evidence
of immune activation. Evidence for silicone as a superantigen is insuffi-
cient. Modest decreases in natural killer cell activity have been reported
after exposure to silicone, but no clinical roles or biological effects on
resistance to infection, tumor surveillance or immune responses have been
demonstrated in these studies.

Evidence for a particular HLA (human lymphocyte antigen) class I or
class II haplotype associated with symptomatic women with silicone
breast implants, or for specific T-cell activation or delayed hypersensitiv-
ity to silicone is insufficient and often flawed, and there is limited evi-
dence that HLA haplotypes of symptomatic women with implants re-
semble those of symptomatic women without implants and that there is
no T-cell activation or delayed hypersensitivity from silicone. Studies ad-
dressing these issues are limited and technical problems substantial, pro-
viding the committee with no support for a role of silicone as a T-cell
antigen or in creating T-cell autoantigens. The committee also finds no
evidence for antisilicone antibodies. The clinical significance of a recently
described antipolymer antibody test is unclear, although the polymer in
question is not silicone or silicon containing, and it is extremely unlikely
that it measures an antisilicone antibody. The committee also noted sev-
eral reports suggesting that women with breast implants might have el-
evated serum immunoglobulin levels. A few case reports also suggested
that there might be an increased frequency of multiple myeloma in women
with breast implants. These data are insufficient and a number of current
epidemiological studies do not report an increase in immunoglobulin
levels or multiple myeloma in such women.

Reports of antinuclear antibodies and epidemiological studies of clas-
sical and atypical connective tissue or rheumatic disease in women with
breast implants also do not provide any support for immunologic or au-
toimmune responses or diseases associated with silicone breast implants.
The committee reviewed 30 studies of antinuclear antibodies and other
autoantibodies in women with silicone (primarily gel-filled) breast im-
plants. These reports were often conflicting; many used differing tech-
nologies to assay antinuclear antibodies or differing criteria to determine
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a positive test. Lack of controls and other design problems hampered the
interpretation of some studies. No pattern of association of antinuclear
antibodies with silicone breast implants emerged from these data. Several
epidemiological studies suggested support for the conclusion that there is
no association of antinuclear or other autoantibodies with breast implants.

A review of 17 epidemiological reports of connective tissue disease in
women with breast implants was remarkable for the consistency in find-
ing no elevated relative risk or odds ratio for an association of implants
with disease. Studies of breast implants and undifferentiated connective
tissue disease or atypical signs and symptoms were much fewer in num-
ber. Several high-quality studies of classical connective tissue disease in
women with implants were available, but this was not the case with atypi-
cal signs and symptoms or unusual presentations. Nevertheless, many of
the studies focusing on classical disease had also collected data on rheu-
matic and related signs and symptoms, and in general, no association
with implants was found.

A novel syndrome or disease associated with silicone breast implants
has been proposed. Evidence for this proposed disease rests on case re-
ports and is insufficient or flawed. The disease definition includes, as a
precondition, the presence of silicone breast implants, so it cannot be
studied as an independent health problem. The committee finds that the
diagnosis of this condition could depend on the presence of a number of
symptoms that are nonspecific and common in the general population.
Thus, there does not appear to be even suggestive evidence for the exist-
ence of a novel syndrome in women with breast implants. In fact, epide-
miological evidence suggests that there is no novel syndrome.

Silicone like many polymers (and other substances) can cause solid
state carcinogenesis. Implantation of a material formulated with appro-
priate size, shape, and surface characteristics causes infrequently metas-
tasizing sarcomas in susceptible rodent species. This phenomenon is not
believed to occur in humans, and no increases in human breast sarcomas
have been observed. Epidemiological studies have not found elevated
relative risks for breast cancer in women with implants. In fact, some of
these studies, now evaluating women two decades or more after implan-
tation, have found fewer breast cancers than expected, and some animal
studies have suggested that breast implants might be associated with
lower frequencies of breast cancer. The committee cannot find that evi-
dence for a lower risk of breast cancer in women with breast implants is
conclusive, but the committee does conclude that there is no increase in
primary or recurrent breast cancer in these women.

Occasional reports of cancer occurring in the breasts of women in-
jected with silicone for breast augmentation have been noted (see Chapter
1), but these are uncontrolled case reports or anecdotes, and do not consti-
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tute useful evidence of any carcinogenic effect of silicone in humans.
Several cohort studies have examined the risk for all cancers combined in
women with breast implants, and all have reported numbers of cases
similar to or lower than the number expected based on rates in the general
population. The committee concludes that evidence is lacking for a rela-
tionship of breast implants to any specific cancers.

Neurologic disease, symptoms, and pathological and physical find-
ings have been reported in case series of women with breast implants by
a few groups. Other investigators have not found neurological problems
and have criticized the experimental design used in reports of such an
association. Experimental animal studies do not lend support to silicone
as a cause of neurologic disease. Some case reports describe silicone gel
deposits that migrate from ruptured breast implants, causing scarring
and constriction around peripheral nerves. However, reports that silicone
might be associated with autoantibodies to nerve components, that silica
might be present in the nerves of women with implants, or that multiple
sclerosis-like or other neurologic syndromes might be associated with
implants have been found to have design and methodological problems
that limited any conclusions. Two epidemiological studies of neurologic
disease in women with implants provide limited support for a conclusion
that there is no elevated relative risk for any association, and the commit-
tee concludes that with the exception of local problems caused by the
migration of gel from ruptured implants, evidence that silicone breast
implants cause neurologic signs, symptoms, or disease is lacking or
flawed.

In an overall consideration of the epidemiological evidence, the com-
mittee noted that because there are more than 1.5 million adult women of
all ages in the United States with silicone breast implants, some of these
women would be expected to develop connective tissue diseases, cancer,
neurological diseases, or other systemic complaints or conditions. Evi-
dence suggests that such diseases or conditions are no more common in
women with breast implants than in women without implants.

A few investigators have proposed that women with silicone breast
implants might transmit silicone or some immunological factor via breast
milk or across the placenta to their children. There is limited evidence that
implantation, especially through a periareolar incision, may interfere with
lactation and breast feeding, but no differences are observed in milk or
blood silicon (and thus presumably silicone) levels in lactating women
with implants compared to lactating control women without implants.
Much higher levels of silicon have been measured in cows” milk at the
retail level and commercially available infant formula. It is likely that
some of this silicon is organic. Infants are also exposed to other sources of
silicone, for example, pacifiers, nipples, and widely available drops for
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colic. Antinuclear antibodies are reported in normal women without im-
plants, and no untoward effects on their children have been observed.
The committee can find no evidence of elevated silicone in breast milk or
of any other substance that would be deleterious to infants. Because there
is conclusive evidence that breast feeding is beneficial to infants, the com-
mittee strongly recommends a trial of breast feeding by mothers with
implants.

A single group of investigators examined children at about 5 years of
age who had been breast fed by mothers with implants and reported
abnormalities of esophageal motility that they hypothesized might have
been caused by exposure to silicone. These investigators did not carry out
any silicon or silicone measurements in either the children or their moth-
ers. A number of problems with the reports of this group have been
identified, and an epidemiological study of esophageal disease in the
children of mothers with implants found no elevated relative risk for
esophageal disease. As noted, breast milk silicon concentrations in im-
planted women are normal. Also, an experimental animal study found no
esophageal silicone or abnormalities in rat pups breast-fed by mothers
with silicone implants, and toxicological studies of the reproductive and
teratologic effects of silicone (PDMS) reviewed in Chapter 4 were nega-
tive. The committee concludes that evidence for health effects in children
related to maternal breast implants is insufficient or flawed.

Breast implants interfere with diagnostic and screening imaging ex-
aminations of the breast by compressing and distorting breast tissue, by
making compression of the breast in a mammographic examination diffi-
cult and obligating special views, and by interposing (particularly with
gel-filled implants) a radiopaque mass in the middle of the breast that
obscures some breast tissue. These problems are fewer with submuscular
placement of the implant and can be at least partially overcome with
special views. Data on whether cancer detection is impaired by implants
do not allow definite conclusions, but no studies have shown increases in
cancer mortality in women with implants because of diagnostic delays.
Mammographic screening for cancer in women with implants under the
same conditions as recommended for women without implants should be
encouraged. The imaging techniques described in Chapter 12 have vary-
ing sensitivities and specificities for the diagnosis of implant rupture and
varying advantages or disadvantages. Magnetic resonance imaging is the
most sensitive and specific technology for rupture diagnosis. The com-
mittee did not find direct evidence on the cost/benefit of screening for
rupture, however. Relevant screening data and analysis might allow a
firmer conclusion on screening in general or in women with implants
with known high prevalence of rupture or in other specific circumstances.
Only if such data showed reduced morbidity as a result of screening and
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a screening driven intervention, would routine screening of the general
population of asymptomatic women with breast implants be justified.

Appendix A describes a scientific workshop sponsored by the IOM to
bring presentations and discussions of the work and experiences of aca-
demic, governmental, and industry physicians and scientists to the com-
mittee. Appendix B describes a public meeting sponsored by the Institute
of Medicine primarily to hear the experiences of women with breast im-
plants, although other interested parties spoke as well. Appendix C re-
views two recent important, related reports from the Independent Re-
view Group of the United Kingdom and the National Science Panel
appointed by the judge for the U.S. multidistrict litigation.

CONCLUSIONS AND RESEARCH RECOMMENDATIONS

The committee wishes to highlight the following conclusions from
this Summary:

* There is extensive presence of, and wide exposure of citizens of
developed countries to silicones in foods, cosmetics, lubricants for ma-
chinery, hypodermic syringes and other products, insulators and a wide
array of consumer products.

* The committee concludes that a review of the toxicology studies of
silicones and other substances known to be in breast implants does not
provide a basis for health concerns.

The committee has reached three major conclusions regarding local
and perioperative complications. First, reoperations and local and peri-
operative complications are frequent enough to be a cause for concern
and to justify the conclusion that they are the primary safety issue with
silicone breast implants. Complications may have risks themselves, such
as pain, disfigurement and serious infection and they may lead to medical
and surgical interventions, such as reoperations, that have risks. Second,
risks accumulate over the lifetime of the implant, but quantitative data on
this point are lacking for modern implants and deficient historically.
Third, information concerning the nature and the relatively high fre-
quency of local complications and reoperations is an essential element of
adequate informed consent for women undergoing breast implantation.

The committee has also come to the following conclusions:

e Studies addressing the immunology of silicones are limited and
technical problems substantial, providing the committee with no support
for an immunologic role of silicone.

* A novel syndrome or disease associated with silicone breast im-
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plants has been proposed by a small group of physicians. Evidence for
this proposed disease rests on case reports and is insufficient and flawed.
The disease definition includes, as a precondition, the presence of silicone
gel breast implants, so it cannot be studied as an independent health
problem. The committee finds that the diagnosis of this condition could
depend on the presence of a number of symptoms that are nonspecific
and common in the general population. Thus, there does not appear to be
even suggestive evidence of a novel syndrome in women with breast
implants. In fact, epidemiological evidence suggests that there is no novel
syndrome.

¢ There is no increase in primary or recurrent breast cancer in im-
planted women.

® In an overall consideration of the epidemiological evidence, the
committee noted that because there are more than 1.5 million adult
women of all ages in the United States with silicone breast implants, some
of these women would be expected to develop connective tissue diseases,
cancer, neurological diseases or other systemic complaints or conditions.
Evidence suggests that such diseases or conditions are no more common
in women with breast implants than in women without implants.

* The committee finds no evidence of elevated silicone in breast milk
or any other substance that would be deleterious to infants; the committee
strongly concludes that all mothers with implants should attempt breast
feeding.

¢ The committee concludes that evidence for health effects in chil-
dren related to maternal breast implants is insufficient or flawed.

RECOMMENDATIONS FOR RESEARCH

1. Reliable techniques for the measuring of silicone concentrations
in body fluids and tissues are needed to provide established, agreed-upon
values and ranges of silicone concentrations in body fluids and tissues
with or without exposure to silicone from an implanted medical device.
Such developments could improve the study of silicones and silicone
distribution in humans, could help with regulatory requirements, and
might in some circumstances resolve questions by providing quantitative
data on the presence or absence of silicones.

2. Ongoing surveillance of recipients of silicone breast implants
should be carried out for representative groups of women, including long-
term outcomes and local complications, with attention to, or definition of
the following:

¢ implant physical and chemical characteristics,
¢ tracking identified individual implants,
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* using appropriate, standardized, and validated technologies for
detecting and defining outcomes,

* carrying out associated toxicology studies by standards consistent
with accepted toxicological standards for other devices; and

* ensuring representative samples, appropriate controls and ran-
domization in any specific studies, as required by good experimental
design.

3. The development of a national model of informed consent for
women undergoing breast implantation should be encouraged, and the
continuing effectiveness of such a model should be monitored.
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LEGISLATIVE AND EXECUTIVE BRANCH
HISTORY OF THIS REPORT

House Report 104-659 accompanying the Labor, Health and Human
Services, and Education and Related Agencies Appropriations Bill of 1997
expressed concern “with the fragmentation of research on the safety of
silicone breast implants and the relationship, or lack thereof, between
silicone gel breast implants and connective tissue disease, classic auto-
immune symptoms and other serious diseases.” The Appropriations Com-
mittee believed an independent study was needed and instructed the
Department of Health and Human Services (DHHS) “to enter into a con-
tract with the Institute of Medicine of the National Academy of Sciences
to conduct a general review of past and ongoing research on silicone
breast implants.” Departmental involvement in this controversial subject
stretched back over more than a decade and involved a significant num-
ber of organizational units. Prominent among these were the Food and
Drug Administration (FDA), the Centers for Disease Control and Preven-
tion (CDC), and several institutes of the National Institutes of Health
(NIH). Important meetings of the FDA General and Plastic Surgery De-
vices Panel, other meetings and workshops under the auspices of NIH,
and studies and notices from CDC had informed and advanced the regu-
lation and science of silicone breast implants. Nevertheless, the regula-
tory process had not come to a satisfactory conclusion nor had the many
scientific questions been resolved. Although this Institute of Medicine

13
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(IOM) report is not about the legal issues; all involved are aware that a
vigorous struggle has been taking place in American courts. This struggle,
involving major U.S. corporations and hundreds of thousands of breast
implant patients with billions of dollars at stake, could not fail to be an
important influence on silicone breast implant-related activities and how
they were perceived by Congress.

EARLY HISTORY OF THE INSTITUTE OF MEDICINE STUDY

Within this context, DHHS approached the IOM in the summer of
1997 to discuss a study of the scientific issues. The National Institute of
Arthritis and Musculoskeletal and Skin Disease (NIAMS) was designated
the lead agency, although funds were committed from a number of other
departmental sources, including the Office of Women’s Health at the FDA,
the Office of Research on Women'’s Health at NIH, the National Cancer
Institute, the National Institute of Allergy and Infectious Diseases, the
Office of Women’s Health at the CDC, and the Office of the Assistant
Secretary for Planning and Evaluation and Office of Public Health and
Science at DHHS. The original proposal contemplated a study of modest
funding which would begin in October 1997 and would deliver a pre-
publication report to the sponsor in November 1998. As the magnitude of
this project became clear to the IOM, its Committee on the Safety of Sili-
cone Breast Implants and the sponsors, the proposal was later expanded
to roughly double the financial support and to extend the delivery date to
July 1999. At no time did the IOM receive other than DHHS funds in
support of this study.

The scope of this study was defined in the contract with NIAMS and
further refined in an address by NIAMS Director Stephen I. Katz to the
committee on the occasion of its first meeting in April 1998. Important
contractual items included a scientific workshop, held on July 22, 1998,
which provided the committee with information on a number of scientific
matters from researchers in the federal government and academia and
offered former and current major silicone breast implant manufactur-
ers—Dow Corning, Mentor, and McGhan—an opportunity to present data
from clinical observational and other research studies. Also included was
a public meeting held on July 24, 1998, at which more than 60 women
formerly or currently with silicone breast implants, professional associa-
tion representatives, scientists of all perspectives, consumer group repre-
sentatives, and others addressed the committee. In addition, the commit-
tee was asked to comment on other important reports that became
available during the time of its deliberations, specifically those of the
United Kingdom’s Independent Review Group and the multidistrict-liti-
gation (MDL) National Science Panel.
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This report is a general review of past and ongoing research on sili-
cone breast implants, including (1) what associations between breast im-
plants and various diseases, if any, are suggested by existing experimen-
tal, clinical, and epidemiological studies; (2) the nature and relative
strength of these associations, (3) the quality of the studies; (4) the exist-
ence of plausible biological mechanisms to explain suggested associations
between breast implants and disease; (5) the uncertainties associated with
these kinds of analyses; and (6) suggestions for future research to fill in
critical gaps. This report covers breast implants with a silicone shell,
whether smooth, modified, or coated, and a gel or saline filler; local and
systemic complications and manifestations of disease; and effects on mam-
mographic screening and diagnosis and on the offspring of patients with
breasts implants. In summarizing the purpose of the study at the com-
mittee’s first meeting, Dr. Katz noted that it should be “a comprehensive
survey and rigorous assessment of the scientific literature and scientific
works related to the biological and health-related effects of silicone breast
implants and their components. While the emphasis is on safety, we hope
that areas of gaps in knowledge as well as scientific opportunity for fu-
ture research will be identified.” Such a report would serve as a resource
for scientists and an educational tool for the public. It would also serve
NIH and other components of DHHS as they develop policy and plan
future research and prevention activities.

THE IOM COMMITTEE ON THE SAFETY OF
SILICONE BREAST IMPLANTS

The Committee on the Safety of Silicone Breast Implants was as-
sembled by the IOM to include expertise in preventive and internal medi-
cine, nursing, family and women’s health, rheumatology, clinical and
basic research, epidemiology, immunology, neurology, silicone chemis-
try, toxicology, breast and other cancer, plastic surgery, and radiology or
mammography. Committee members are listed at the front of this report.
Because of the often polarized and controversial nature of the many is-
sues involved, the IOM took active steps to avoid conflict of interest in
constituting the committee in accordance with the Institute’s rigorous
bias and conflicts of interest procedures. Given the importance of the
subject matter to women'’s health, it was desirable that women make up a
substantial portion of the committee. Six of its thirteen members, includ-
ing the vice chair, are women, and most of them are particularly inter-
ested in women’s health issues. The committee’s medical experts in breast
cancer, theumatology, radiology, and family medicine have, in the course
of their practice, provided medical care to women who may have had
breast implants in addition to their cancer, rheumatologic problems, mam-
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mography, or general health care needs. These experiences were deemed
valuable. The committee’s plastic surgery expert, on the other hand, does
not perform breast implant surgery in her practice of pediatric plastic
surgery.

In addition to the first committee meeting in April and the scientific
workshop and public meeting (summarized in the appendixes), the com-
mittee had five days in three separate meetings to discuss and review the
issues together over the course of the 15 months between its selection and
the delivery of this report. During this time, with help from IOM staff and
an immunological and toxicological consultant, members of the commit-
tee spent many additional days, individually and as a group, reviewing
the studies listed in the references, discussing and evaluating the evi-
dence, and preparing this report. The committee also accepted all offers of
information that could be made public and received material and assis-
tance from a number of individuals, companies, attorneys, associations,
and organizations. The committee acknowledges this assistance with
gratitude.

COLLECTION AND EVALUATION OF EVIDENCE

Since anecdote and isolated personal experience cannot, in them-
selves, be subject to scientific review (although they can provide a basis
for the design of scientific studies), the committee decided to focus on
evidence reported in the peer-reviewed, published scientific literature. A
great deal of information was also provided by breast implant patients,
manufacturers, involved scientists, and others, in the form of industry
technical reports, prepublications, medical histories, and private or per-
sonal submissions of various kinds. The IOM, as a nongovernment entity
carrying out an independent review, is generally not in a position to
accept and preserve confidential business or personal information; the
information presented to the committee is made available to the public.
The committee recognized the selectivity involved, but was open to the
receipt of such material nevertheless. Many of these items are included in
the reference list and comprise a useful resource. However, the committee
did not consider them of equal weight to the peer-reviewed literature,
and an attempt has made to divide the reference list into two sections to
recognize peer reviewed scientific literature and other informational ma-
terial. About 80% of the almost 1,200 references cited in the text of this
report are from the first, peer-reviewed list. The references in the second
list were considered useful but clearly less so than those in the first or
primary list.

Because this project involved the assessment of a large number of
scientific studies, the committee reviewed ways in which these reports
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BOX 1-1
Austin Bradford Hill Criteria for
Determining Association as Causation

1. Strength of the association between an exposure and illness (e.g., relative risk)

2. Consistency of the association observed by different people, under different
circumstances, in different ways

3. Specificity of the association: it uniquely affects certain people with certain ill-
nesses

4. Temporality of the association: the exposure precedes the illness

5. Biological gradient: the frequency and severity of the illness are directly related
to the frequency and severity of the exposure

6. Plausibility of the association in terms of the biological reasonableness

7. Coherence of the association with other knowledge of the exposure and the
illness

8. Experimentation: manipulation of the exposure affects the illness

9. Analogy: the association is analogous to another known associations

and their data might be evaluated and ranked. When appropriate in re-
viewing epidemiological studies, the grading of evidence suggested by
the U.S. Preventive Services Task Force—from well-designed, properly
randomized clinical trials; to nonrandomized controlled trials; to well-
designed cohort or case control studies; to multiple time series with or
without the intervention; to expert opinion—was considered reasonable
if an appropriate epidemiological set was being reviewed. Some sugges-
tions from the Agency for Health Care Policy and Research (AHCPR)—
for example, giving most weight to conclusions supported by multiple
relevant and high-quality scientific studies and lesser weight to those
based on fewer and lower-quality studies, were considered. Sir Austin
Bradford Hill proposed criteria for evaluating relationships between sick-
ness and environmental conditions (see Box 1-1) that were also useful
(Hill, 1965).

The committee also considered oral and written communications that
recorded many women'’s individual medical histories and experiences
with breast implants. Although individual reports of personal experi-
ences cannot be confirmed and are anecdotal and therefore not scientifi-
cally definitive, this human element, which is after all a part of medical
care and medical science, provided an important context to the com-
mittee’s deliberations.

A review of the reference lists at the end of this report indicates that
much of the literature available to and considered relevant by the com-
mittee, did not consist of full, peer-reviewed, published scientific reports
but was in the form of letters, position papers, abstracts, industry reports,
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and opinion pieces; these are found in the second of the two reference
lists. Furthermore, review of the first reference list indicates that some of
this material, although in peer-reviewed scientific publications, consisted
of case reports, reviews, and other forms that the committee did not con-
sider strong evidence. Case reports or case series reports are often essen-
tially anecdotes or uncontrolled observational studies, which, lacking
appropriate comparison or control groups, may not be helpful in deter-
mining rates of occurrence or accepting or rejecting causation. Controlled
observational studies—that is, studies based on a cohort or case control
design—offer stronger evidence because they provide information on rela-
tive risks or rates. Some controlled clinical trials were found by the com-
mittee, and this very strong kind of evidence was useful when available.
In all of these studies, the committee was aware of the importance of
randomization, that is, the assembly of unbiased, representative study
groups (Stratton et al., 1994).

In summary, the committee found it useful to consider the varying
strength and quality of the evidence. Although some reports had design
limitations or problems in implementation, other excellent reports were
available, and the committee has tried to point out the strengths and
weakness of various studies in this report. Overall, the committee was
impressed with the substantial amount of useful information and, in par-
ticular, with the marked improvement in the 1990s in the quantity and
quality of studies relevant to its charge. A number of strong, well-de-
signed epidemiological studies involving large numbers of women and
clear results have been published since the early 1990s. These have al-
lowed the committee to take firm conclusions on many of the important
issues. To communicate this firmness, the committee adopted a ranking
of evidence or data as: conclusive or convincing of an association or of no
association; limited or suggestive of an association or of no association;
or, in the committee’s judgment, insufficient, flawed in terms of method-
ology, or lacking in support of the various evaluations of the safety of
silicone breast implants. The modifiers in the last group were used to
indicate that when evidence for an association or for no association was
not conclusive or suggestive, it could fail to support a conclusion because
it was: a.) insufficient in quality or quantity; b.) not perceived to present
helpful evidence because the committee noted methodological flaws; or
c.) simply lacking or absent. On occasion, evidence failed to support a
proposed conclusion of an association because it supported a conclusion
of no association; these circumstances were expressed more explicitly by
simply noting that the evidence supported some other conclusion, not the
proposed conclusion. These rankings allowed the committee to take many
firm decisions. They are not meant to imply, as some might, that the
committee means to support further research or studies, for example,
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when data are insufficient. If more information and analysis would be
desirable, and only in such instances, the committee has indicated this in
the text of this report.

COSMETIC BREAST SURGERY AND THE
HISTORICAL CONTEXT OF THIS REPORT

Perspectives of Women with Breast Implants

Although estimates of the current number of U.S. women who have
had breast implants vary, it is probably somewhere between 1.5 million
and 2 million, as discussed later in this chapter. Many of these women
have reported symptoms that they believe are associated with their breast
implants. The symptoms reported involve many organ systems and bodily
functions and are often associated with a compromised quality of life. The
concerns of these women and their loved ones were a major factor leading
to this IOM review. Women with breast implants as well as their spouses
and children spoke to the committee. They advised that this is more than
“a women's issue, but one that affects husbands, families, taxpayers and
society.” Some related how they were “young and vibrant” and are now
ill and disabled. They reported feeling scorned and patronized or ignored
as they searched for medical solutions. In many instances they did not
think they had been informed of known complications. They were fre-
quently told that the implants “would last a lifetime,” but instead had
experienced complications and repeated surgeries with associated pain
and expense (see Appendix B).

Case reports from individual women can be used to generate hypoth-
eses about disease and symptoms that may be associated with silicone
breast implants. Whether such symptoms are causally associated with
breast implants will be determined by comparing the occurrence of symp-
toms in women with implants and without implants and meeting other
conditions for determining causality. Nevertheless, it was the burden of
the personal vignettes that prompted the IOM to invite women with im-
plants, as well as health care providers, scientists, and other interested
parties, to make formal presentations to the committee and to submit
written comments for the committee’s deliberations (see appendixes). The
committee heard from individual women about their experiences with
both breast augmentation and breast reconstruction, and from represen-
tatives of many patient groups from throughout the United States. Their
written statements were distributed to all committee members and also
made available to the public.

Committee members were impressed by the thoughtful and detailed
comments provided by women with implants, not only for the sake of
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their own health but also out of concern for other women who are consid-
ering breast implants. Many women support the continued availability of
breast implants for those who want them for either augmentation or re-
construction, with the proviso that adequate information regarding po-
tential complications and long-term safety is available to them for in-
formed decision making. The commitment of these women to the scientific
process and to partnering with scientists in future studies was clear and
very much appreciated by committee members. Although the committee’s
mandate focuses primarily on peer-reviewed scientific evidence, the con-
tributions of women with breast implants provided an extremely valu-
able context for its deliberations.

History of Cosmetic Breast Surgery

To varying degrees, people are concerned about the appearance of
their bodies, and cosmetic surgery is a response to such concern. In a
recent discussion of this, Sarwer et al. (1998a) noted that 34% of U.S.
women were dissatisfied with their breasts, and more than half of breast
augmentation patients reported having frequently checked the appear-
ance of their breasts and camouflaging them. The literature also describes
surgical interventions and the results of efforts to change natural breast
dimensions over at least the past hundred years. Augmentation with
modern silicone implants can variably affect the shape and size of the
female breast; on average, an increase of two brassiere sizes (cup or cup
and chest circumference; circumference increases in 1 inch or 2.5 cm in-
crements) is achieved (Young et al., 1994).

Reconstruction after mastectomy for cancer, fibrocystic disease, or
other reasons such as prevention in women at high risk for breast cancer
is believed to provide a sense of having overcome disease (Bard and
Sutherland, 1955). Especially when performed soon after mastectomy,
breast reconstruction is reported to relieve or prevent a perception of loss,
dissatisfaction with an external prosthesis, depression, and feelings of
diminished sexual attractiveness (Schain et al., 1985; Stevens et al., 1984).

These powerful motivations may explain the continuing acceptance
by many women and health professionals of evolving cosmetic surgical
breast procedures despite complications, high incidence of hardness, and
often globular or otherwise less than natural-looking breasts.

Autogenous Tissue

The modern history of cosmetic breast surgery began in the late 1800s.
It has involved the use of both autogenous tissue (which is not the subject
of this report) and alloplastic implants, culminating in the variously filled
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silicone shell implants for augmentation and reconstruction, which con-
stitute the subject of this report. The use of autogenous tissue is reported
to have begun in 1887 with part of a healthy breast transferred on a
pedicle to reconstruct the other breast (Verneuil, 1887) and continued in
1895 with the transplantation of a lipoma from the hip to repair a surgical
defect in the breast (Czerny, 1895). A pectoral muscle flap for immediate
reconstruction and a latissimus dorsi flap were described shortly thereaf-
ter (Ombredanne, 1906; Tansini, 1906). Since transfer of fat alone is usu-
ally unsuccessful (Hinderer and Escalona, 1990) because it is substantially
reabsorbed unless injected in quite small quantities (Bircoll and Novack,
1987), efforts continued with pedicle or dermis flaps or dermis—fat—fascia
grafts (Bames, 1950, 1953; Berson, 1944; Watson, 1959). These early efforts
were reviewed by Watson (1976) who described the tendency to long-
term shrinkage of the dermis-fat grafts. Continued development culmi-
nated in musculocutaneous flaps, primarily from the abdomen (trans-
verse rectus abdominis musculocutaneous [TRAM] flaps) but also from
other sites (e.g., the latissimus dorsi or superior and inferior gluteus
muscles, among others), and microsurgical free flaps. These events were
reviewed in Kincaid (1984) in a chronological listing of surgical advances
with citations to the literature and in 1995 by Wickman. About one-third
of modern breast reconstructions are performed using autogenous tissue.
Such reconstructions are performed more and more frequently and are
often combined with implants (ASPRS, 1996, 1997; Trabulsy et al., 1994).

Alloplastic Implants

Also since the late 1800s, foreign substances have been injected or im-
planted to augment or reconstruct the breast, although sporadic efforts of
this kind apparently date back centuries. Gersuny reported experimenta-
tion with paraffin injections beginning in 1889 (Gersuny, 1900). Although
paraffin enjoyed some early acceptance, others later described disastrous
results such as fistulas, granulomas, pulmonary emboli, and tissue necro-
sis (Letterman and Schurter, 1978). Subsequently, in the early to mid-
1900s, a number of other substances were tried, including ivory, glass
balls, ground rubber, ox cartilage, Terylene wool, gutta percha, Dicora,
polyethylene chips, polyvinyl alcohol-formaldehyde polymer sponge
(Ivalon), Ivalon in a polyethylene sac, polyether foam sponge (Etheron),
polyethylene tape (Polystan) or strips wound into a ball, polyester (poly-
urethane foam sponge) Silastic rubber, and teflon-silicone prostheses
(Broadbent and Woolf, 1967; Brown et al., 1960a,b; Edgerton et al., 1961;
Edwards, 1963; Letterman and Schurter, 1978; Lewis, 1965; Lilla and
Vistnes, 1976; Liu and Truong, 1996; Smahel et al., 1977). These early
implants were unsuccessful and were not pursued seriously. The later
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efforts with so-called open-pore polymer sponge implants such as Ivalon
or Etheron led to hard, unnatural-looking breasts and other complications
(Broadbent and Woolf, 1967). Thousands of women had these implants,
which made up about a third of implantations in the 1960s according to
one large international survey (De Cholnoky, 1970).

Injections

During the decades after the Second World War an array of liquid
substances were injected, often illegally by unlicensed practitioners, to
augment the breast (and other sites; see e.g., Christ and Askew, 1982).
These are cited in reports from Japan, the Far East, and domestic plastic
surgeons. They include paraffin; other poorly defined, more radiolucent
hydrocarbons called “Organogen” and “Bioplaxm” (Yamazaki et al., 1977)
and some forms of petroleum jelly such as Vaseline (Ohtake et al., 1989).
Adulterated silicone oil (e.g., the “Sakurai” formula) was also commonly
used. It was believed to have been adulterated with 1% ricinoleic acid
(Pearl et al., 1978); 1% animal and vegetable fatty acids (Kagan, 1963); or
1% mineral and vegetable (perhaps castor) oil (Chaplin, 1969), 1% olive
oil (Tinkler et al., 1993), or to contain croton oil, peanut oil, concentrated
vitamin D, snake venom, talc and paraffins (Kopf, 1966; Rapaport et al.,
1996). Use of a variety of unknown oils has been reported, some with
silicone of mostly unknown origins (Ortiz-Monasterio et al., 1972), as well
as beeswax, shellac, glaziers’ putty, epoxy resin (Symmers, 1968), and
industrial silicone fluids. Medical-grade silicone fluid, including Dow
Corning 200, 350, and MDX 44011 (Ashley et al., 1967); silicone (Elicon-
Kogen Kogyo Co. Ltd.) gel (Boo-Chai, 1969); and silicone Silastic 5-5392
RTV (room temperature vulcanized) fluid with a stannous octoate cata-
lyst to form a silicone rubber within the breast tissue were also used for
breast augmentation and other plastic surgical purposes with positive
early reports (Ashley et al., 1967; Conway and Goulian, 1963; Freeman et
al., 1966; Harris, 1965). Substantial amounts of these substances were in-
jected on occasion, as much as 2 liters for breast augmentation and body
contouring in a single patient (Kagan, 1963) or half a liter of fluid and
catalyst per breast (Conway and Goulian, 1963).

Results with other than medical-grade silicone were poor, and in-
cluded loss of both breasts and death (see references below). Dow Corn-
ing Medical Grade 360 fluid, which according to Vinnik (1991) was used
extensively in Las Vegas, also resulted in complications, but the silicone
mentioned in many reports was undoubtedly adulterated in the mis-
guided hope that an adulterant would inhibit fluid migration and give
better results. Sakurai personally reported 72,648 cases injected, including
the breast among other sites (Kagan, 1963). At least 12,000 women (some
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have estimated as many as 40,000 women) had breast injections in Las
Vegas by 1976 when the practice became a felony under Nevada State
law. Practitioners reportedly charged $800 to $2,000 for a series of injec-
tions in 1966 (Kopf, 1966; Kopf et al., 1976; Vinnik, 1991), and domestic
reports continue from there and elsewhere (Leibman and Sybers, 1994;
Morgenstern et al., 1985; Sanchez-Guerrero et al., 1995a,b).

Soft-tissue (excluding breast) augmentation by injection with medi-
cal-grade silicone was approved for experimental use in the United States
under an FDA investigational new drug (IND) exemption to Dow Corn-
ing for use by six, and later seven, plastic surgeons and one dermatologist
for about a decade, 1965-1975 (Ashley et al., 1967; Braley, 1971; Wustrack
and Zarem, 1979). Although this material broke up into “innumerable
droplets” on injection and tended to spread out from the injection site,
results appeared promising at first (Ashley et al., 1965; Rees et al., 1970).
After a few to as many as 28 years, however, problems began to appear
(Rapaport et al., 1996). As with paraffin earlier, initial enthusiasm was
tempered by the appearance of complications. The question of systemic
effects is discussed in Chapter 8 of this report. Among the more clear-cut
effects associated with silicone breast injection (as noted, not an FDA-
approved use as part of the Dow Corning IND) have been pain, skin
discoloration, edema, ulceration and necrosis, calcification, granulomas,
migration of the fluid, infection, cysts, axillary adenopathy, disfigure-
ment and loss of the breast, liver granulomas and dysfunction, acute pneu-
monitis or adult respiratory distress syndrome, pulmonary embolism,
coma, and death (Baker, 1992; Boo-Chai, 1969; Brozena et al., 1988; Celli et
al., 1978; Chastre et al., 1983a, 1987; Chen, 1995; Chen et al., 1993; Cruz et
al., 1985; Edgerton and Wells, 1976; Ellenbogen and Rubin, 1975; Inoue et
al., 1983; Ko et al., 1995; Koide and Katayama, 1979; Lai et al., 1994;
McCurdy and Solomons, 1977; Parsons and Thering, 1977; Perry et al.,
1985; Piechotta, 1979; Rodriguez et al., 1989; Solomons and Jones, 1975;
Symmers, 1968; Truong et al., 1988; Vinnik, 1978; Winer et al., 1964). Some
of these complications occurred instantly, such as acute pneumonitis with
findings of substantial deposition of silicone in the lung, which was prob-
ably due to pulmonary embolism from inadvertent intravenous injection
or other circulatory access of the silicone fluid (Solomons and Jones, 1975).
More often, complications were noticed after a few years. Various reports
cited a complication rate of 1% of patients per year (Kopf et al., 1976), a
prevalence of 50% at five years after injection (Vinnik, 1976a,b), the onset
of disturbing problems at two or three to five or six years (Ohtake et al.,
1989; Wustrack and Zarem, 1979), or the average occurrence of problems
at about nine years (Parsons and Thering, 1977). Presumably because
medical-grade silicone is a “mild irritant” as opposed to adulterated sili-
cone or other substances, which are irritating to a greater extent, compli-
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cations were noted in one study only after many years and differed ac-
cording to individual patient reactions (Rapaport et al., 1996). Other sur-
geons reported complications after considerable delay, and these tended
to be relentlessly progressive (Wustrack and Zarem, 1979). One author
noted that “trying to provide an accurate timetable for these changes has
proved futile” (Vinnik, 1978).

There are only anecdotal reports of breast malignancy in silicone-
injected breasts (Ko et al.,, 1995; Kobayashi et al.,, 1988; Lewis, 1980;
Maddox et al., 1993; Morgenstern et al., 1985; Okubo et al., 1992; Ortiz-
Monasterio and Trigos, 1972; Pennisi, 1984; Smith et al., 1999; Suster et al.,
1987; Talmor et al., 1995; Timberlake and Looney, 1986; see also Chapter 9
of this report). Although no epidemiological studies of the incidence of
cancer in women with silicone-injected breasts have been reported, and
thus there is no evidence of an elevated relative risk, case control studies
of the frequency of breast implants in women with breast cancer indicate,
if anything, a decreased odds ratio (Brinton et al., 1996; Glasser et al.,
1989). Injected silicone clearly may handicap the diagnosis of breast can-
cer. Injected breasts are full of lumpy, radiopaque deposits of silicone that
interfere with breast self-examination, physical examination, and mam-
mography. Better visualization with magnetic resonance imaging (MRI)
is helpful, but does not resolve this problem because MRI is not consid-
ered a screening technology and is used only when there is an indication
for this more resource intensive modality (Helbich et al., 1997; Leibman
and Sybers, 1994; Lewis, 1980; Maddox et al., 1993; Morgenstern et al.,
1985; Okubo et al., 1992; Talmor et al., 1995; Timberlake and Looney, 1986;
see Chapter 12). Although silicone injection for breast augmentation (or
any cosmetic use) is not approved by the FDA, there are a number of
reports advocating medical-grade silicone injection in other sites such as
the face, using careful technique and small amounts—from a fraction of a
milliliter to a few milliliters per treatment depending on location (Ashley
et al., 1973; Hinderer and Escalona, 1990; Rees and Ashley, 1966; Rees et
al., 1973a; Selmanowitz and Orentreich, 1977). Duffy (1990) reviewed
thousands of such cases and himself reported more than 2,000 injections
of 350-centistoke silicone fluid with good results, although his follow-up
was limited to six years. The American Academy of Cosmetic Surgery
(AACS) reported 7,170 women receiving such non-breast silicone injec-
tions from its members in 1994. Nevertheless, “FDA has not approved the
marketing of liquid silicone for injection for any cosmetic purpose, in-
cluding the treatment of facial defects or wrinkles...” (FDA, 1991). The
history of silicone injection is relevant to the safety of silicone breast im-
plants because of the possible analogy to silicone gel fluid diffusion
through implant shells into breast tissue or the deposition of silicone gel
(and gel fluid) in the breast on rupture of gel-filled implants.
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SILICONE IMPLANTS

A successful silicone (urethral) implantation was reported in 1950 (De
Nicola, 1950); subsequently silicone use for shunts and joints was pro-
posed (Marzoni et al., 1959), and many such shunts, joints, and other
devices were developed and used in medical practice. These clinical expe-
riences, animal experiments, and early work on tissue reaction to silicone
(Child et al., 1951; Kern et al., 1949; Rees and Ashley, 1966, Rowe et al.,
1948; see also Chapter 4) provided a context and encouragement for the
consideration of this technology in cosmetic breast surgery. The disap-
pointing results with other technologies for breast augmentation or re-
construction provided an opportunity and an unmet need. The response
to this need was the introduction of the silicone breast implant in 1962
and its continued development through the 1990s, as described in Chap-
ter 3. The specific experimental basis for the clinical introduction of this
device was the work reported by Cronin and Gerow (1963) on implanta-
tion of silicone shells (four to six per animal) filled with either dextran or
electrolyte solution in each of 12 dogs for periods of a few days to 18
months without signs of toxicity or other complications.

Silicone Implants and Patient Satisfaction—
Its Importance and Effect on Demand

Although the silicone implant was considered an improvement, it
was not problem-free. Some implant complications such as small areas of
epidermolysis or necrosis and small, isolated seromas are minor, although
they might require medical attention; other complications, infections, im-
plant ruptures, and severe fibrous capsule contractures are of greater
import. Complications are less frequent in augmentation than in recon-
struction, but as noted in Chapter 5, they still occur with considerable
frequency. The more serious risks of reconstruction with implants, espe-
cially immediate reconstruction (Spear and Majidian, 1998), must be bal-
anced against the psychological benefits (Stevens et al., 1984; Wellisch et
al.,, 1985). Implants for augmentation are placed in healthy women who
would otherwise not be operated on and incur such risks. Placement of a
breast implant for either augmentation or reconstruction does not treat
the physical component of human disease or disordered physiology. It is,
in this sense, elective and therefore warranted only if it is relatively safe
and provides patient satisfaction.

Satisfaction has an effect on the demand for interventions to manage
or relieve complications and thus on the implications of complications for
the safety of silicone breast implants. The high overall level of satisfaction
of women in medical reports, if accurate and lasting, implies a low level
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of concern or at least a willingness to tolerate some complications. This
may have an important moderating effect on the reported incidence of
further operative or medical interventions. The committee believes that
published reports of satisfaction may be misleading, however. Most sur-
veys of satisfaction are carried out by plastic surgeons or others associ-
ated with the surgery or care of women with implants. This arguably
introduces a possible bias or distortion of patients’ responses.

Long-term satisfaction is an important test of the aesthetic results of
cosmetic surgery. Many surveys were carried out immediately or shortly
after surgery, and the degree of satisfaction may change with time and the
occurrence of untoward events. Some surveys include small numbers of
women and lack precise details on procedure, type of implant, timing, or
other factors that might be important to results. Finally, almost all of these
reports are based on women communicating an overall satisfaction level
in general terms. Women may have specific problems or suffer from a
particular dissatisfying aspect of the results of implantation; this may not
be expressed clearly or at all in a report that focuses on satisfaction in a
general way and not on problems.

When women with complications requiring secondary surgery such
as deflation, contracture, and asymmetry (N = 58) from a large cohort (N
=292) surveyed by Strom et al. (1997) were compared with those who did
not require additional surgery (N = 234), there was no significant differ-
ence in reporting of satisfaction on the Likert 1-5 scale. This may be
because the end result was important enough to these women that they
were prepared to put up with inconvenience and discomfort. Similarly,
the Karolinska group (Sweden) has consistently found that, up to seven
years after surgery, women were satisfied with, or tolerant of, severe
(Class III or IV; see breast augmentation classification in Appendix D)
implant capsular contractures. In 1989, this group found that 77% of
women in its operative series were satisfied, although 79% had Class III
or IV contractures. In 1990, the same group reported that 85% of women
were satisfied, although 35% had severe contractures (Gylbert et al., 1989
and 1990a). In other instances, women may prefer a complication, such as
Class III contractures with smooth shell implants, to the more ready de-
tection by palpation of a textured implant even though such an implant
produces a softer breast (Burkhardt and Demas, 1994). This could be a
significant factor since 30% of submuscular textured saline and 47% of gel
implants have been reported to be readily detected by palpation (Opitz
and Young, 1998). In a study comparing women with submuscular and
submammary (see definition in Appendix D) implants, patient satisfac-
tion was not always proportional to the severity of contracture (Mahler
and Hauben, 1981). Other surveys, however, have found substantial dif-
ferences in satisfaction when women had significant contractures and
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waning satisfaction over time due perhaps to the accumulation of compli-
cations (Beale et al., 1985; Fiala et al., 1993).

In the group of 100 women implanted by van Heerden et al. (1987)
85% would recommend implant reconstruction to other women, and 73%
rated it 610 on a scale of 1-10 (32 women rated it a 10). However, this
questionnaire was administered by the operating service during the post-
operative period. Spear and Majidian (1998) asked patients to express
their degree of satisfaction, and 98% of 42 consecutive women rated them-
selves somewhat to completely satisfied with their breast implants. Again,
this rating was carried out by the operating team, presumably shortly
after surgery. A survey by Francel et al. (1993) of 197 implant reconstruc-
tion patients, with a 50% response rate, found that 100% of women who
had been reconstructed immediately would try it again and 90% of them
were satisfied. Of women who had undergone delayed reconstruction
with implants, 90% would try it again and 80% were satisfied. This is
another example of a survey performed by the surgical group after an
unspecified, but clearly short, postoperative interval.

In a questionnaire administered by the medical team to an unspeci-
fied subset of 216 women who underwent implant and autologous recon-
structions, results of autologous tissue ranked significantly better
(Eberlein et al., 1993). Better cosmetic results of autologous compared to
alloplastic reconstruction were also reported in the small survey by
Mansel et al. (1986). In 1991, a survey by the Van Nuys Breast Center
(Handel et al., 1993a) of patients augmented with polyurethane and other
gel implants over the previous 12 years generated only a 32% (85 out of
321 patients) response rate. Of these, 66% were satisfied before exposure
to negative publicity about breast implants and 61% after such exposure.
The authors of this report felt that satisfaction was related inversely to
complication rates (Handel et al., 1993a). In another study of 174 women
who had double-lumen implants for breast reconstruction, 68% were sat-
isfied or completely satisfied when rating postoperatively. After the oc-
currence of additional complications several years later, satisfaction
waned (Fee-Fulkerson et al., 1996). In 1990, a survey by the American
Society of Plastic and Reconstructive Surgeons (ASPRS) of representative
U.S. households and a group of women from a medical devices registry
found 93% of 592 responding women satisfied with the results of breast
surgery and 82% prepared to undergo it again (ASPRS, 1990; Iverson,
1990), Park et al. (1996a) reported 84% of augmented women satisfied to
very satisfied, as were 91% of implant-reconstructed women in a survey
carried out at least one to ten years postoperatively by plastic surgeons.

Very high satisfaction rates (88%-96%) were reported by Hetter (1979,
1991) from a questionnaire of 165 women (a response rate of 69% of the
series) augmented with gel and saline implants. Of 100 women with sili-
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cone implants for reconstruction who were interviewed by a plastic sur-
geon other than the operating surgeon, 96% reported that the reconstruc-
tion was important to them (Asplund and Korloff , 1984). In a multicenter
survey of 504 women, 93.8% of whom had saline-filled implants for aug-
mentation, Gutowski et al. (1997) reported a 94.2% satisfaction rate. In a
survey of 292 women from a cohort who were augmented with saline
implants and followed up at an average of seven years, Strom et al. (1997)
reported that 80.2% were very satisfied (rating 1 or 2 on a 5 point Likert
scale). A group of 20 women augmented with submammary silicone gel-
filled implants and their husbands were asked about psychosocial and
sexual benefits. They reported 70%—-75% favorable results (Mahler and
Hauben, 1981).

Many other reports describe significant psychosocial benefits and
improvement in life functioning after augmentation or reconstruction
(e.g., Beale et al., 1985; Corsten et al., 1992; Dean et al., 1983; Goin and
Goin, 1981, 1982; Goldberg et al., 1984; Hetter, 1979, 1991; Jonsson et al.,
1984; Reaby et al., 1994; Schain et al., 1984; Sihm et al., 1978). If putting in
breast implants can confer psychosocial benefit, the loss of them may,
as might be expected, be detrimental to overall body satisfaction and
appearance-related cognition (Walden et al., 1997). On the other hand, the
removal of implants in women who fear silicone-related health problems,
although sometimes reported to be helpful, was also reported in other
studies (carried out at a time of adverse publicity about implants) to do
little for psychological distress and symptoms of somatization, depres-
sion, and anxiety (Roberts et al., 1997; Svahn et al., 1996; Wells et al., 1995,
1997).

National Perspectives and FDA Data on Satisfaction

Merkatz et al. (1993) and Brown et al. (1998) provide descriptions of
national data on satisfaction and adverse implant events. The committee
notes that all these data are based on self-reported or unconfirmed re-
ports. These also are numerator data only, that is, raw numbers of events
reported to have occurred in a population or group of unknown size,
which depending on the time may to an unknown extent be distorted by
publicity of changing focus and intensity. Some events are overreported
due to manufacturer and plastic surgeon concerns for compliance with
reporting requirements and organized letter writing campaigns, whereas
in other instances, personal considerations or lack of systematic follow-up
may cause underreporting of adverse events. These reports cover a dis-
tinct minority of the 1 million to 1.5 million U.S. women with breast
implants in the early 1990s. Although they constitute the only national
source, and provide expanded details on patient satisfaction from a some-
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what different perspective than the plastic surgery reports of high levels
of satisfaction, they do not establish an increased frequency of any disease
in women with implants except for the direct complications of surgery.

In a qualitative analysis of national experience with women'’s self-
reports to the FDA during January 1992, Merkatz et al. (1993) noted that a
distinct minority of women were dissatisfied with their implants, report-
ing both local complications such as rupture and contracture and dis-
abling general health conditions. A further analysis of FDA adverse events
reporting cited 94,120 mandatory (i.e., required by law from manufactur-
ers and importers) adverse events reported from the end of 1984 through
1995, with a peak of 83, 069 in 1992-94 and a marked decrease in 1995. The
majority of these reports cited local and perioperative complications, par-
ticularly contracture and implant rupture, except in 1992 when general
health complaints were temporarily more common. Reporting of deaths
(N =70) was so poorly characterized that a definite diagnosis could not be
made except in a few cases of cancer (N = 8), specific connective tissue
disease (N = 3), and operative mortality (N = 2). As noted earlier, the
events reported tended to vary with the level of national publicity. The
FDA received 4,303 voluntary reports. Some of these were from women
with implants who were described by Merkatz et al. (1993). These peaked
in 1992-1994 and decreased markedly in 1995 (Brown et al., 1998). Early
reports from 1973 through January 15, 1992, from the FDA Product Prob-
lem Reporting System, which were voluntary reports from consumers
and health professionals, numbered 379 and were concerned primarily
with pain and contractures. FDA and National Cancer Institute (NCI)
staff with some collaborators reported a follow-up in 1994 of 1,167 of
these reports of local or systemic problems with implants with a survey
requesting information on physician diagnoses. Of the original cohort,
820 completed the interview; 28% of these reported a physician diagnosis
of a connective tissue disease and 43% reported multiple implant surgery.
These self-reports were not independently verified, and this group was
highly selected (Coleman et al., 1994).

Several conclusions seem to follow from these data on women'’s satis-
faction or dissatisfaction with breast implants. Many women are satisfied
with their implants, but it is not safe to assume that satisfaction is, and
remains, at the levels often reported in the plastic surgery literature, given
conflicting results and the possible biases and problems of some of these
reports. Satisfaction is often surveyed by the operating service and shortly
after implantation when some complications have yet to occur. Reports of
satisfaction do not necessarily mean that complications have not occurred
or that they are not troubling to many women. Women seem to accept
trade offs, as noted earlier, and some are very dissatisfied. Some who are
dissatisfied report obstacles to paying for implant removal, whereas oth-
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ers elect to tolerate distress for the perceived benefits of the implants. The
improvements in the results of implantation, noted in the short history in
this chapter and suggested later in this report, and in women’s apprecia-
tion of these results have sustained the demand for breast implants, as the
prevalence data below suggest. These complex and varied levels of satis-
faction also appear to affect the demand for medical or surgical interven-
tions to address complications. Since these interventions carry risks they
are relevant to the safety of silicone breast implants (see Chapter 5).

Regulatory Controls

As noted earlier, the Food and Drug Administration exercised juris-
diction over silicone for injection under investigational new drug provi-
sions of the Food, Drug and Cosmetic Act. However, the FDA did not
have a statutory basis for oversight of silicone breast (or other) implants
until the enactment in 1976 of the Medical Devices Amendments to the
Food, Drug and Cosmetics Act (Public Law 94-295). At the time, on the
advice of its independent General and Plastic Surgery Devices Panel, the
FDA placed implants in a category requiring general controls and perfor-
mance standards. No testing or applications for marketing were required.
As time passed, more and more women received silicone implants, more
than 90% of which were silicone gel-filled, for augmentation. In the 1980s,
more women wanted, and more surgeons were willing to use, implants
for reconstruction after cancer surgery (Freeman and Wiemer, 1979;
Georgiade et al., 1982, 1985; Gilliland et al., 1983; Hartwell et al., 1976;
Hueston and McKenzie, 1970; Noone et al., 1985). With increasing experi-
ence, more reports accumulated in the plastic surgery literature of im-
plant rupture, silicone gel fluid diffusion through the implant shell, and
severe contracture of the fibrous capsule surrounding the implant (see
Chapter 5). The changing characteristics of implants, thinner shells—and
more compliant gels in the 1970s and early 1980s (so-called second gen-
eration implants; see Chapter 3), contributed to some of this increased
frequency of complications. Concerns surfaced that silicones might be
associated with cancer, and reports of connective tissue diseases and less
well defined systemic complications, perhaps of an immune nature, in
women with silicone injections and implants began to appear (see Chap-
ters 6, 7, and 8). As a result, in 1982, the FDA proposed and, on June 24,
1988, formally implemented a classification of silicone breast implants in
a category (Class III) requiring stringent safety and effectiveness controls.
In a critical series of actions from 1989 through 1991, the FDA required
pre-market approval (PMA) applications from implant manufacturers
(April 10, 1991), questioned specifically the safety of polyurethane-coated
implants and required additional study of them, determined that PMA
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applications for silicone gel breast implants were insufficient when they
were submitted by the manufacturers (August 22, 1991), and required
dissemination of information on implant risks to patients (September 26,
1991). In 1992 and 1993, citing the absence of data on safety and effective-
ness (Kessler, 1992), the FDA restricted the use of silicone gel-filled im-
plants to participants in a clinical observational study, most of whom
received implants for reconstruction (January 6, 1992); called for safety
and effectiveness data on saline-filled silicone implants (April 16, 1992);
issued a proposed rule to require PMA applications for saline implants
(January 8, 1993); and designated gel and saline implants subject to device
tracking rules (August 26, 1993). By this time, all U.S. companies (as noted
in Chapter 3 of this report) except Mentor Corporation and McGhan Medi-
cal Corporation had withdrawn from the market (March 20, 1992), and
polyurethane-coated implants were no longer in domestic production. At
the time of issuance of this report, all companies who wished to remain in
the U.S. silicone breast implant market will have attempted to carry out
the observational and other studies required by the FDA as specified in
1996 and will have submitted PMA applications (FDA, 1998). Whatever
the regulatory outcome and the real or hypothetical problems reported
with these devices, the substantial, steady increases in their use for aug-
mentation since 1992 after the dramatic drop in the early 1990s (see be-
low), and the striking increase in implantation for reconstruction after
mastectomy since the early 1980s, speak to the important interest of
American women in cosmetic breast surgery.

Prevalence of Silicone Breast Implants

Implantation of silicone shell devices began from a small base, gradu-
ally replacing other breast alloplastic devices listed earlier in this chapter
and slowly increasing in numbers. Early reports estimated that somewhat
more than 50,000 women received implants between 1962 and 1970, and
98% of these were for augmentation (de Cholnoky, 1970; Braley, 1972;
Robertson and Braley, 1973). The number of women who received im-
plants rose annually until 1979, at which time it began to plateau. The
number implanted after mastectomy, which had been low and stable,
began to increase in about 1975 (Gabriel et al., 1995) as surgeons and
oncologists started to appreciate that this was not only possible, but might
be desirable (August et al., 1994; Bailey et al., 1989; Barreau-Pouhaer et al.,
1992; Berrino et al., 1987; Dowden, 1983; Feller et al., 1986; Francel et al.,
1993; Handel et al., 1990; Noone et al., 1982; Patel et al., 1993; Schain et al.,
1985) and could be done immediately (Trabulsy et al., 1994; Van Heerden
et al., 1987; Yule et al., 1996). In 1983, 3% of women received breast im-
plants for reconstruction after mastectomy; in 1992, more than 25% re-
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ceived these implants (Edney, 1996). Local insurance data from 1988-1990
indicated that 5.9% of mastectomies were followed by reconstruction with
implants (Francel et al., 1993), and a similar frequency (8%) was reported
in Holland about that time (Houpt et al., 1988). Reconstruction after pro-
phylactic mastectomy was recommended earlier and performed on a
higher proportion of patients than after cancer surgery (Freeman, 1967;
Jarrett et al., 1978; Kelly et al., 1966).

It is not possible to be sure of the division between augmentation and
reconstruction at any given time in the total cohort of U.S. women receiv-
ing breast implants. There has been substantial variation. The general
consensus has been that augmentation is the reason for about 80% of all
breast implants. Two recent studies, however, report that 70%-71% of
implants were placed for augmentation (Gabriel et al., 1995; Nemecek
and Young, 1993). Also, a national survey reported 63% (R.R. Cook et al.,
1995), and a study of a very large cohort of professional women reported
50%, of implant placements for augmentation (Sdnchez-Guerrero et al.,
1995a,b). As noted earlier, almost all implant placements from the 1960s
to mid-1970s were for augmentation. The fraction for reconstruction in-
creased steadily through the 1980s. During the early 1990s, almost 40% of
breast implantation was for reconstruction. Most recently, reconstruction
was the indication for less than 20% of implants, in part because approxi-
mately 35% of reconstructive procedures are now limited to autogenous
tissue (ASPRS, 1996, 1997). Surveys of other than national cohorts of
women may be misleading due to the variation in the frequency of aug-
mentation relative to reconstruction in different parts of the country (R.R.
Cook et al., 1995). For use in the calculation of modern prevalence (see
below), the committee assumed that 30% of implants were for reconstruc-
tion as a midpoint in a range of 25%-35%. These are admittedly some-
what speculative estimates of reconstruction frequency from values found
in the record review and surveys of Gabriel et al. (1995); R.R. Cook et al.
(1995) and Sanchez-Guerrero et al. (1995a,b); the 30% figure used by Terry
et al. (1995), and the oft-repeated 20% figure cited in most other reports.
The committee also considered premature mortality in cancer patients
that decreases the surviving cohort of women with reconstructions much
more than the normal mortality of augmentation patients decreases the
surviving cohort of women with implants for this purpose. This factor
becomes more meaningful in estimating the percentage of women alive
with implants for augmentation or reconstruction in long-term follow-up
of studies from 1988.

Estimates of the number of women receiving breast implants in 1982
were 100,000, 22% for reconstruction, (Szycher and Poirier, 1984), 130,000
in 1988 (Lorentzen, 1988) 120,000-150,000 in 1990 (an estimate by the
Inamed Corporation) and 130,000 in 1990 (Zones, 1992). Additional data

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9602.html

INTRODUCTION 33

collected from plastic surgeons by the ASPRS before 1992 are said by the
society to be inconsistent with its modern surveys and are no longer
released. The estimates cited here and the occasional annual estimates of
new implants in the range of 100,000 or more reported in the literature by
plastic surgeons are consistent with modern estimates, however.

An analysis of data from the 1988 National Health Interview Survey,
which reported 11 million persons in the United States with implants of
all kinds (Moss et al., 1991; see Chapter 2 for a partial list of silicone
containing devices) suggested 304,000 women at least 18 years of age with
silicone breast implants (95% confidence interval [CI], 239,000-369,000) or
0.33% of all women aged 18 to 75 years in 1988, of whom 73% were
between ages 18 and 44 and 24% between ages 45 and 64 (Bright et al.,
1993). As confirmation of the rising popularity of this procedure, only
30% of implantations had occurred before 1981 and 70% in the 1981-1988
interval. This report referred to market data suggesting 1,030,000 women
with breast implants in 1988. Bright et al. (1993) observed that the design
of the National Health Interview Survey (e.g., which asked for medical
rather than cosmetic implants or allowed reporting by a family member)
could have resulted in underreporting. On the other hand, market-based
data could suffer from the vagaries of inventories, returns, breakage, and
other factors that might have influenced their accuracy. In remarks to an
FDA panel (FDA, 1992a) Bright recalculated the prevalence using supple-
mented market data with adjustments for mortality and replacements
among others, and she provided an FDA estimate of 1,000,000 women
with breast implants at the end of 1991.

A household survey carried out by Dow Corning Corp. identified
0.808% of women over age 14 years with implants, or 815,700 (95% CI,
715,757-924,729) women nationally in late 1989 (Cook and Perkins, 1996;
Cook et al., 1995). Augmentation was the indication in 63.5% of those
surveyed. This survey, in agreement with other studies and reports,
identified higher prevalence in the southern and western regions of the
country (three-times that in the eastern and midwestern regions) and
over-representation of white (95%) and higher-income women. In low
prevalence regions of the country, implantation for reconstruction was
actually more common than for augmentation. A small CDC survey men-
tioned in this report found 0.25% of U.S. women with implants in 1983.
This might be a reasonable approximation given the lower numbers of
implants in the early years.

Another survey, using New York records to identify women who
received implants for cosmetic reasons only, concluded that about 890,000
U.S. women (data simulations generated estimates ranging from 437,602
to0 2,035,783, 95% of which were less than 1,205,820) had breast augmenta-
tion between 1963 and 1988. Assuming that reconstructions comprised
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30% of total implantations, the authors adjusted this figure to about
1,270,000 U.S. women with implants for both augmentation and recon-
struction in 1988 (Terry et al., 1995).

A record review carried out in a single Minnesota county of women
over 14 years of age identified 749 women with implants. Their average
age was 34 years (range 15-79), and augmentation, as noted earlier, was
the indication in only 71%. Prevalence as of January 1, 1992 was estimated
to be about 1%, which would extrapolate to about 1,000,000 women na-
tionally (Gabriel et al., 1995). A number of other large cohorts were re-
viewed for the prevalence of women with implants in the course of carry-
ing out other epidemiological studies. These cohorts either were from
specific parts of the country (Brinton et al., 1996—2.2% of women, Seattle,
Atlanta, and central New Jersey; Burns et al., 1996—1.18% of women,
upper Midwest; Hochberg et al., 1993—1.24% of women, San Diego, Bal-
timore, and Pittsburgh); were characterized by a low response rate and
self-reporting, which may have produced artificially high results
(Hennekens et al., 1996, 2.74% of women), or were not a representative
cross section of all ages of adult females (Brinton et al., 1996; Sanchez-
Guerrero et al., 1995a,b, 1.35%). Nevertheless, given the number of adult
women in the population, these values cluster around 1.2 million to 1.3
million U.S. women with breast implants in the early 1990s, which is
consistent with other estimates (see below). Additionally, there is general
agreement across reports examining the demographic characteristics of
implant recipients that augmentation is carried out on average in women
about 30-35 years of age and reconstruction in women about 40-55 years
of age (including ages 4849 after cancer and 40-41 years for prophylaxis
and revision) (see also August et al., 1994; Birtchnell and Lacey, 1988;
Cook et al., 1995; Gabriel et al., 1997; McGhan Medical Corporation, un-
dated; Shipley et al., 1977; Wickman and Jurell, 1997; Winer et al., 1993).

All of the reported estimates of breast implant prevalence suffer from
problems that affect their accuracy, as the authors themselves often point
out. These problems include partial responses to questionnaires, varying
accuracy and completeness of reporting, differing assumptions in project-
ing samples nationwide, small numbers, and noncomparable samples
(among others noted above). A rough estimate of the current or near
current number of women with breast implants can be made by assuming
a reasonable range from among the estimates for 1988 with an upper
bound of the estimate (1.27 million) based on actual record reviews (Terry
etal., 1995), and projecting this range (1 million to 1.27 million, see below)
forward using annual estimates and ASPRS and AACS survey data for
ensuing years.

Of course, the estimated numbers after 1988 are also subject to error.
Some are educated guesses. The ASPRS sample, based on a membership
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that does 70-80% of the implantations nationally, is extrapolated to esti-
mate the number of women receiving implants for augmentation and
reconstruction in the United States. The ASPRS (and AACS) data are not
validated, however, and suffer from the problems of incomplete or inac-
curate reporting inherent in surveys, especially of self-reported events.
Some industry sources have suggested that ASPRS data have been over-
estimates, perhaps because members that respond to the survey tend to
be among the more active surgeons (McGhan Medical Corp., personal
communication, August 26, 1998). Others have suggested that busy plas-
tic surgeons may have tended to overestimate the numbers of procedures
they do (C. L. Puckett, Vice President, ASPRS, personal communication,
September 2, 1998). The AACS surveys a different group of medical spe-
cialists with practices limited to cosmetic procedures, including general
surgeons, dermatologists, facial plastic and reconstructive surgeons, some
plastic surgeons, family practitioners, and obstetricians or gynecologists
(Atwood et al., 1994). These specialists perform about 30% of augmenta-
tions with breast implants in the United States. The smaller sample drawn
from this group is also extrapolated to a national figure, in this case for
augmentation only. The AACS augmentation estimates are slightly lower
than those of ASPRS (e.g., 76,407 versus 87,704 in 1996). The committee
used the higher ASPRS values and larger sample in making its calculation
of the numbers of women in the United States with breast implants.

Not captured in any ASPRS or AACS survey is the number of women
who obtain breast implants outside the United States. Some of the im-
plantations reported are also likely to be reimplantations that might inap-
propriately be counted twice in estimates of the total cohort of women
with breast implants. Bright et al. (1993) found that 13% of women with
breast implants in the National Health Interview Survey had replacement
implants. Surveys that identify and contact women should not be af-
fected, and the review of procedures by Terry et al. (1995) included a
correction factor for procedures per woman, which may have accounted
for replacements, although precise details were not provided in their re-
port. In addition, mortality has undoubtedly affected the number of
women who had implants in the 1960s (admittedly a small group) even
the youngest of whom will now be 60 years of age or more.

The committee estimated that between 356,000 and 417,000 under-
went breast reconstruction with implants after mastectomy for cancer.
This estimate assumes that 30% of the 1 million to 1.27 million woman
with implants in 1988 (300,000-381,000) had implants for reconstruction
after mastectomy, to which is added the ASPRS reported number of re-
constructions using implants since then—about 175,000—making a total
of 475,000-556,000. No more than 75% of postmastectomy reconstruction
occurs after cancer surgery. The other reconstructions follow mastecto-
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mies for other reasons, mostly prophylaxis or fibrocystic disease. Thus,
the postcancer reconstruction total is approximately 356,000-417,000
women. Although the pre-1988 mortality of augmented and reconstructed
women does not affect the 1988 surveys that identified living women, it
may not be completely accounted for in the adjusted procedure-based
data of Terry et al. (1995). Mortality in women with breast implants for
augmentation is not known to be higher than in the general population,
but for women implanted after mastectomy for cancer, the mortality cited
by Gabriel et al. (1997) and Georgiade et al. (1985) is probably close to 30%
after 10-15 years. This is slightly better than NCI’s Surveillance, Epidemi-
ology and End Results (SEER) registry statistics, probably because breast
cancer patients with poorer prognosis are less likely to receive implants
(Gabriel et al., 1997; Georgiade et al., 1985). The committee assumed a loss
of 25%— 30% by death during 1989-97 of women who had implants for
reconstruction in 1988 and those added each year since, a combined co-
hort with postimplant durations ranging from less than a year to several
decades. This mortality rate would have resulted in a minimum of 89,000
and a maximum of 125,000 deaths over the nine years in the combined
cohort. The committee felt that assumptions regarding over- or underesti-
mations bearing on a final estimate would be rather speculative. Never-
theless, given the prevailing view that ASPRS data might be overstated,
the possibility of some double-counted replacement implants, the mortal-
ity in augmented women between 1988 and 1997, and the deaths expected
among cancer patients undergoing reconstruction, it seemed reasonable
to adjust the final estimate downward by 150,000.

The committee judges there to have been 1 million to 1.27 million U.S.
women with silicone breast implants in 1988. The National Health Inter-
view Survey estimate was considered an outlier, and the other estimates
clustered around 1 million in the late 1980s with the 1.27 million women
reported by Terry et al. (1995) as an upper limit. To this was added the
total of annual estimates from ASPRS survey results for 1989-1997, count-
ing augmentations and reconstructions with implants. Explants reported
from 1992 on were subtracted (replacements after explantation are in-
cluded in the reported implant figures). Non-survey year implant figures
were assumed to be midpoints between bracketing survey years. Non-
survey year explant figures were assumed to number 12,000 in 1989 and
1990 and to be at the midpoint between 1990 and 1992 for 1991, and the
same in 1997 as 1996. The implant totals from 1989 through 1997 respec-
tively were accordingly 130,000, 130,000, 101,000, 53,000, 59,000, 65,000,
87,000, 108,000, and 146,000 (total for the period—879,000), and the ex-
plants were 12,000, 12,000, 19,000, 26,000, 32,000, 38,000, 26,000, 14,000,
and 14,000 respectively (total for the period—193,000). The total cohort of
U.S. women with breast implants at the end of 1997 was therefore 1.686
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million to 1.956 million before adjustment (1 million or 1.27 million plus
879,000 and minus 193,000). This range of about 1.7 million to 1.95 million
is adjusted downward and rounded to give a current estimate of 1.5 mil-
lion to 1.8 million U.S. women with breast implants as of the end of 1997.
This estimate could be projected forward each year using ASPRS or AACS
survey numbers as they become available. To reach an estimate of U.S.
women ever receiving breast implants, explantations (not replaced),
deaths, and non-U.S. implantation should be added to the 1997 estimate.
The committee did not perform this analysis in detail, but this estimate of
ever-implanted women is likely to approximate 2 million women or more.

The ASPRS data also show that 90%—-95% of implants currently placed
are saline filled, mostly textured and primarily (65% in augmentation,
almost all in reconstruction) in the submuscular position. Saline implants
are used in 96% of augmentations, and saline implants and expanders are
used in 86% of reconstructions. However, as noted in Chapter 3, the over-
whelming majority of implants placed before the early 1990s were gel
filled. Therefore, these implants, primarily single-lumen gel, standard
double-lumen, and polyurethane coated, make up the majority of im-
plants in place today. Some plastic surgeons report that the demand for
gel-filled implants is increasing, although at the moment their use in the
United States is limited by regulatory policies (V. L. Young, personal
communication, October 16, 1998). Collis and colleagues report that in the
United Kingdom the “vast majority” of augmentation involve gel-filled,
textured implants in the submammary position (Collis et al., 1998). There
is also a trend to more reconstructions after mastectomy and more recon-
structions using tissue flaps (often without alloplastic implants). Forty-
two percent of reconstructions are now done at the time of mastectomy
(ASPRS, 1997). Discussion of this subject is continued later in Chapter 5.

SUMMARY

The IOM Committee on the Safety of Silicone Breast Implants was
constituted to respond to a congressionally mandated request for the
study of the safety of silicone breast implants from the Department of
Health and Human Services. The English language, peer-reviewed, scien-
tific literature supplemented with some data from industry and other
technical reports comprised the primary information base for the descrip-
tion of the background, context and prevalence of silicone breast implan-
tation and for the subsequent chapters of this report. An enormous
amount of material generated from U.S. breast implant litigation, prima-
rily the multidistrict litigation, was also available, including videotapes,
compact disks, legal records, briefs, and scientific citations. Although this
type of information was reviewed, it is generally not cited in this report. It
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is clear that adversarial legal proceedings do not generate the kind of
scientific inquiry and discussion that the IOM committee process does.
On the other hand, information from legal discovery and arguments can
identify directions for inquiry, useful literature, and data. This informa-
tion has contributed to the completeness and accuracy of this report. The
statements of women with breast implants and of scientists, physicians,
and others who appeared before the committee (see Appendix A and B),
although often anecdotal and not peer reviewed, were helpful too. A
number of important issues emerged from the committee’s reviews of
available information. These issues are the ones that make up the com-
mittee’s charge and they are the scientific and medical questions that are
suggested or explicit in the reports concerning associations between sili-
cone breast implants and human health conditions that have appeared in
increasing numbers in the world’s medical and scientific literature. In
Chapters 2 through 12 the committee addresses the issues as closely and
conclusively as possible under the headings of silicone chemistry, im-
plant catalogue, silicone toxicology, reoperations and local and peri-
operative complications, silicone immunology, antinuclear antibodies,
connective tissue or rheumatic disease, cancer, neurological disease, ef-
fects on breast feeding and on children, and screening and diagnostic
mammography. Descriptions of the IOM scientific workshop and public
meeting and comments on other recent policy-relevant reports appear in
the appendix materials.
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Silicone Chemistry

SILICA, SILICON, AND SILICONE

Silica is the most common substance on earth. It is a constituent of
most rocks. Beach sand is almost pure crystalline silica, as is quartz, which
in its purest form is a clear or rosy-colored gemstone, found in geodes, or,
if less pure, may be found as amethyst, agate, flint, or “petrified
wood.” The molecular formula of silica is SiO,, silicon dioxide. Silicon
dioxide is a three-dimensional network of silicon (Si) atoms linked by
oxygen (O) atoms in a 2:1 ratio; each silicon atom is linked to four oxygen
atoms, and each oxygen to two silicon atoms.

A crystalline substance is one whose atoms form a regular pattern
over large distances. This regularity is usually measured by the diffrac-
tion of x-rays. The constructive and destructive interference of x-ray wave-
forms causes the x-ray beam to be redirected into a reproducible pattern
that can be detected by photographic film. The characteristics of this pat-
tern allow calculation of the precise atomic spacing. This regularity is also
a key to the hardness and strength of most crystalline substances.

Although human exposure to crystalline silica is extensive and gener-
ally to no ill effect, tissue (especially lung) exposure to particulate silica or
silica dust has well defined toxic, inflammatory outcomes (American Tho-
racic Society, 1997). Silica is also found in less toxic, amorphous forms
(Warheit et al., 1995). Amorphous materials, in which the atoms are not
found in regular arrays even though the atomic ratios are the same, do not
give crystalline patterns. Amorphous forms of silica include a vitreous
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form like the glass used in higher-wattage halogen lamps, (e.g., automo-
bile headlamps). Window and bottle glasses are diluted, low-melting
forms of silica. Sodium and calcium oxides are used as diluents in
sodalime window and bottle glass. Silica aerogel, silica smoke, fumed
silica, and precipitated silica are names for amorphous silica powders
that are important constituents of medical rubber-like goods, including
breast implants. In fact, amorphous silica is used in almost all silicone
elastomers, as well as in special-purpose isoprene (natural rubber) elas-
tomers. Less often used is diatomaceous earth, the silica skeletal residue
of diatoms, which are microscopic sea creatures (Heaney et al., 1994; Iler,
1979a,b, 1981). Some forms of amorphous silica have been approved by
the Food and Drug Administration (FDA) (D. Benz, FDA, personal com-
munication, 1998) for use in pharmaceuticals and food; they are widely
distributed in foods and foodstuff manufacture (Villota and Hawkes,
1986).

Silicon is a semimetallic element, located just below carbon in the
periodic table, that is not found in nature in its elemental form. It is
perhaps best known as the shiny semiconducting metalloid used to make
computer chips. Silicon can be made by heating silica with carbon (coke
or charcoal), typically in an electric arc furnace. At high enough tempera-
tures, the elements silicon, carbon, and oxygen can exchange places, and
the driving force of the reaction is the loss of gaseous carbon dioxide
(CO,) leaving silicon and any excess carbon behind. The impure reaction
product can be used to make silicones (see below) but requires extensive
purification before it can be fabricated into computer chips. Although
silicon is in a high-energy, unstable state with respect to its oxide, silica
does not form spontaneously in air on its surface, as rust does on iron or
aluminum oxide on aluminum. Like gold or platinum, silicon retains its
shiny metallic appearance and electrical properties. However, silicon can
burn in air to give a thick, white smoke of amorphous silica (LeVier et al.,
1993).

Silicone refers to a large family of organic silicon polymer products
with a main chain of alternating silicon and oxygen atoms. Typically, each
silicon in the chain carries two methyl groups (CH,—, which can also be
written as Me—, where C = carbon and H = hydrogen), and the material is
called poly(dimethylsiloxane) (PDMS):

CH3 CH3 CH3 CH3 CH3 CH3
CH3=Si—0-Si—0-Si-0-Si—0-8i—-0-Si—0~
CH3z CHz CHz CHz CH3 CHga

The tilde (~) at the chain end implies that the sequence is repeated, typi-
cally with hundreds to thousands of silicon—oxygen links. As the number
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TABLE 2-1 Viscosity of Silicone Compounds

Number of Dimethyl-
Siloxane Units, DP

(degree of Viscosity, Comparative
polymerization) centistrokes (cS) Viscosity* Reference
2 0.65 L
3 1.04 Water L
9 3.94 L
14.5 45 o
22.6 6.64 o
30 9.44 Baby oil o
40.3 12.01 o
86 26.77 o
163 52.18 (@)
250 82.81 (@)
269 100 Olive oil L
330 138.69 Light motor oil o
591 335.3 Heavy motor oil (@)
818 968.59 Glycerol o
960 10,000 Honey L
1,400 1,000,000 PDMS rubber gum L
2,600 10,000,000 Hot asphalt L

NOTE: O = Orrah et al. (1988); L = Lee et al. (1970). *Brookfield Engineering (1999).

of units increases from two to hundreds or thousands, the compounds
formed have very different properties: for example, hexamethyldisiloxane
has a viscosity (0.65 centistoke [cS]) less than water (1.0 ¢S) and is ab-
sorbed from the gastrointestinal tract, whereas compounds with 3,000
units are relatively inert biologically and are solids having viscosities of
millions of centistokes (see Chapter 4 and Table 2-1).

CHEMISTRY OF SILICONES

Silicone is made by the reaction of dimethyldichlorosilane (Me,SiCl,)
with water to give PDMS and hydrochloric acid (HC):

|\|/Ie

HCI + HO(SliO)nH

MesSiClo  + H0
Me

Chlorosilane Hydrolysate
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The Me,Si(OH), first formed polymerizes spontaneously to silicone
hydrolysate HOMe,SiO(Me,SiO), Me,SiOH, where n can vary from 0 to
50, depending on reaction conditions. Cyclic compounds are also formed
in greater or lesser amounts depending on conditions.

Chlorosilanes

Me,SiCl, is made from impure silicon in the “direct process.” Silicon
powder is heated in a stirred or fluidized bed with gaseous methyl chlo-
ride (which, in turn, is made from wood alcohol and hydrochloric acid) to
produce a mixture of chlorosilanes.

Si (metal) + CHgCl MeSiClg + MesSiClo + Me3SiCl + SiCly
Cu

Methyl chloride Chlorosilane mixture

The mixture can be separated into its components by distillation of
the liquid chlorosilanes. This provides sufficient purity for many applica-
tions. Me,SiCl, is hydrolyzed to PDMS, which is known as crude hy-
drolysate at this stage (see above). Me,SiCl is hydrolyzed to Me,SiOSiMe,,
and MeSiCl, hydrolyzes to MeSiO,/,, called “T-gel,” a cross-linked hard
material that seems closer to sand than to silicone rubber. The 3/2 in the
formula refers to the three oxygens each shared with two silicon atoms.
The ratio, of 1.5 oxygen atoms per silicon atom, implies that three bonds
are formed to other silicon atoms, since silicon is always tetravalent. Thus,
a three-dimensional network, similar to the silica network, results, but the
material is usually softer because of the valences occupied by methyl
groups.

SiCl, hydrolyzes to a hydrated silica also known as silicic acid (a
polymerized form of Si(OH),), which forms the drying agent silica gel
when oven dried. It is a glassy, amorphous structure that has shrunk with
the loss of water to give a porous, spongy structure. SiCl, is also hydro-
lyzed as a gaseous stream with steam. A high temperature flame of this
tetrachlorosilane reacting with steam gives a white amorphous silica
smoke or aerogel, which is gathered to provide the very finely divided
filler used in silicone rubber.

FUNCTIONALITY AND NOMENCLATURE

Another shorthand polymer nomenclature is useful as well.
Me,SiOSiMe, is also known as M, in a popular shorthand that denotes
Me,SiO, ,, as M, a monofunctional polymer component or “chainstopper”
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because it regulates polymer chain length. The 1/2 subscript indicates
that only one-half of the oxygen belongs in the group, since it is shared by
two silicons. In practical terms, the M (or monofunctionality) means that
silicon binds to only one oxygen, and the form of the whole molecule can
be deduced from this and the following information. The D in D, or in
MD,M refers to the difunctional dimethylsiloxane unit Me,SiO, the poly-
mer building block that can add to itself to form enormously long chains
known as high polymers. PDMS is made up almost entirely of D units.
Since D means that silicon binds to two oxygens (i.e., is difunctional), the
silicon at one end of the polymer chain must bind to the oxygen at the
other end to form a circular (cyclic) molecule (as in D,) unless the last
silicon has three methyl groups attached and is, therefore, a chainstopper,
giving a chain such as MD,M (where n can be any number). The T in T-gel
refers to the trifunctional MeSiO,/, which, when present as an impurity,
leads to branching of polymer chains. However, its overall effect on mo-
lecular weight can be controlled to some extent by the addition of more M
units, since chainstopping one of the oxygen-silicon units makes MT
which is equivalent to D. The so-called Q units are quadrifunctional and
result from hydrolysis of silicon tetrachloride (SiCl,). Q can be modified
with M units since M,Q is equivalent to D because two of the oxygen-
silicon units are chainstopped. The various mixtures of M, D, T, and Q
control molecular weight, branching, and molecular shape and are used
to formulate various types of silicone resins (varnishes, fiberglass bond-
ing solids, pressure-sensitive adhesives, and even the release paper for
protecting adhesive tapes). The symbol L is also sometimes used to de-
note D units in linear polymers, with D, reserved for cyclics (see below).
Thus, L, would be a linear hexamer (the same as MD,M) with no indica-
tion of the chemical groups at the ends of the chain. The formation of
cyclic, branched, or linear compounds and the substitution of other groups
for methyl will change the physical and biological properties of silicone
molecules, often to a very great extent (LeVier et al., 1993).

High Polymers

Pure D polymer units, without M, T, or Q, give the highest molecular
weight unbranched polymers and thus are most useful for elastomer
manufacture. Crude hydrolysate was once used for elastomers by poly-
merization with acid.

Me Me

HO(SiO)nH HO(SiO)mH + HoO (n=1-50)
| acid |
Me Me

Hydrolysate PDMS
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The catalyst used was usually sulfuric acid, removed from the high mo-
lecular weight PDMS by washing with water. Alternatively, acid ion-
exchange resin or acid clay was used. The resin or clay could be removed
by filtration in low-viscosity products or by neutralization. The limitation
of polymers made from hydrolysate was the variable concentration of M,
T, and Q groups, leading to uncertain properties since varying amounts
of these groups caused more or less cross-linking, branching and chain
length which affected molecular weight and physical properties of the
final silicone product.

Methyl Tetramer (D,)

The solution to this problem was the development of cyclic silicones,
usually tetramers, as intermediates that could be highly purified. Tet-
ramer is distilled from a kettle containing hydrolysate and a basic catalyst
such as potassium hydroxide. The base forms the potassium silanolate
ion via the removal of water. The silanolate ion is a powerful “rearrange-
ment" catalyst, causing siloxane molecular bonds to exchange parts with
each other. Some cyclics, mostly tetramer, are formed in a random fashion
and can be distilled off. Removal of cyclics upsets the equilibrium, so
more cyclics are generated, and the process continues until all of the
polymer is converted to volatile cyclics. The tetramer can then be fraction-
ally distilled to a very high degree of purity, eliminating the interfering
M, T, and Q units. One of the most sensitive measures of purity is the
molecular weight of a polymer made under controlled conditions. Indus-
trial-grade tetramer can be polymerized to a molecular weight greater
than several million Daltons. For even higher purity, a technique called
zone refining has been used to form polymers of more than 40,000,000
Daltons (Martellock, 1966).

The D, tetramer is an eight-membered ring of alternating silicon and
oxygen atoms with eight methyl groups attached, two per silicon (octa-
methylcyclotetrasiloxane):

Meo /Me2
S\i—O—Si (rearrangement)
/ N\
Q 0 High polymer
/Sl—O*S|\ KOH
Meo Meo
D4 = (Me2SiO)4 PDMS
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The polymerization of this cyclic tetramer is somewhat different from
the condensation reaction that leads to hydrolysate and higher polymers
by splitting off water molecules from pairs of silanol groups. The tetramer
D, has no silanol groups, but polymerizes by a process known as ring-
opening polymerization. It is essentially the same process that led to gen-
eration of tetramer, except the equilibrium now favors high polymer,
yielding about 86% high polymer with 14% mixed cyclics (Brown and
Slusarczuk, 1965; Carmichael and Winger, 1965).

MD,M, a short chain of four silicon atoms alternating with three oxy-
gen atoms and fully substituted with methyl groups, is the chainstopper
of choice in industry because it matches the reactivity of D,. The two are
heated together in the presence of a trace of basic or acidic catalyst to yield
a linear polymer whose molecular weight, which controls the viscosity, is
regulated by the small amounts of MD,M. This polymerization is called
equilibration because it leads to an equilibrium mixture of linear and
cyclic silicones, about 14% cyclics. The latter are mostly removed by steam
or vacuum distillation after the catalyst is removed. The molecular weight
of crude hydrolysate is controlled by the chainstopping effect of
dimethylsilanol (-SiMe,OH) groups, but these are unstable since further
polymerization is possible under some conditions. The silanol (-SiOH)
groups can condense, losing water and increasing chain length. Con-
versely, siloxane (-SiOSi-) groups can, in theory, revert in the presence of
water to give pairs of silanol groups, thereby decreasing chain length.
Both reactions can occur under mild acidic or basic conditions. However,
the reversion reaction is inhibited by the lack of solubility of water in
PDMS, i.e., the physical inaccessibility of water to siloxane, so for practi-
cal purposes it does not present a problem (Martellock, 1966).

USES OF SILICONES

PDMS polymers are useful for hundreds of applications (Silicones
Environmental Health and Safely Council, 1994). Low molecular weight
oils (fluids) are used as (1) lubricating oils (Slipicone), (2) lubricants for
syringe needles and barrels, (3) substances to improve the “hand" of fab-
rics and give them water repellency, (4) skin cream modifiers in cosmet-
ics, (5) antifoam agents in the food and chemical industry, and (6) cures
for stomach gas (Simethicone in Gas-X). Higher molecular weight, more
viscous oils are widely used as high-temperature hydraulic and brake
fluids. A list of silicone containing medical devices includes hydroceph-
alus shunts, foldable intraocular lenses, soft tissue implants for congenital
and cancer reconstructive surgery, cardiac pacing and defibrillation de-
vices, implantable infusion pumps, elastomeric toe and finger joints, in-
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continence and impotence devices, infusion ports, larynx implants, tissue
expanders, and many shunts and catheters (Compton, 1997).

Silicone oil (fluid) has a very low surface energy, which causes it to
spread on higher-energy surfaces and to make these surfaces water repel-
lent. Silicone resins, highly cross-linked with T or Q units to give the
required hardness, also have this effect and are used to coat plastic eye-
glass lenses, or glass bottles with a very thin film to increase scratch and
break resistance and aid in emptying aqueous contents. Similar resins are
used as release agents in commercial bakeware. Silicone rubber films are
used to coat rough-service light bulbs to increase break resistance and to
capture shattered fragments. There are actually thousands of silicone
products that impinge upon all aspects of modern life (Silicones Environ-
mental Health and Safety Council, 1994).

Silicone Elastomers

[Me(CHy = CH)SiO]4 + (MesSi0)g—— (MeViSiO)m— co—MepSiO)n

Me Vi tetramer Me tetramer Me Vi copolymer polymethyl vinyl siloxane
(PMVS)
(MeViSiO)m—co—Me,SiO)n + H(Me,SiO)oSiHMe,
PMVS (excess vinyl) Hydrogen-stopped PDMS
~0O-SiMe;-O 0O-SiMe,~O~
Me—/Si—CH2 —CH, /CHZ—CHQ—Si—Me
. \ .
~0-SiMe;-0 SiOMe,(Me,SiO)pSiMe, O-SiMes-O~

Three broad categories of silicone are used in implant manufacture:
(1) platinum-cured (gel or LSR [liquid silicone rubber]); (2) RTV (room-
temperature vulcanized) rubber; and (3) gum-based peroxide-cured (heat-
cured) rubber. All require a final oven bake to attain optimal purity, sta-
bility, and physical properties (Lynch, 1978). The simplest of these gels is
the platinum-cured gel that expanded most early implants. The original
embodiment was developed for a plastic surgeon, Thomas D. Cronin, by
Dow Corning. It consisted of a slightly vinyl substituted PDMS fluid that
was cross-linked with a hydrogen-containing PDMS fluid in a platinum-
catalyzed reaction. This means that a few silicon atoms in the chain had a
vinyl (Vi) instead of a methyl substituent. The vinyl group was suscep-
tible to bonding with a receptive hydride group on a neighboring siloxane
polymer chain, creating a cross-link. This curing reaction is known as
hydrosilation. It forms a very lightly cross-linked unfilled elastomer that

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9602.html

SILICONE CHEMISTRY 47

gives the desired softness and compliance. In chemical terms, each silicon
hydride group (the “hydrogen-stopped PDMS” below) adds across a vi-
nyl double bond (CH,=CH-in the MeVi tetramer below), thereby con-
verting the vinyl group to an ethylene (-CH,-CH,-) bridge linking two
polymer molecules together. Since a few of the polymer molecules had
more than two reactive groups per molecule, the reaction results in a
cross-linked system with no new soluble or leachable components.

Silicon Addition Cure Chemistry

The Cronin gel probably had a vinyl level less than 0.1 mole %, which
was reacted with insufficient silicon hydride so that the hydrogen would
be completely used up and not cause problems with hydrogen gas evolu-
tion at a later time. Therefore, the final gel had an even lower level of
excess vinyl, and the cross-link density was controlled by the concentra-
tion of hydride groups added. See Table 2-2 for the composition of several
versions of the Dow Corning gel.

Certain silicone fluids, chainstopped with alkyltriacetoxysilane and
thickened with amorphous silica filler, cure to RTV silicone rubbers when
exposed to moist air. The triacetoxy groups are hydrolyzed by the mois-
ture and produce T groups at the chain ends, which react with each other
to form cross-links and thus a rubbery structure. The hydrolysis also
produces acetic acid, which catalyzes the cross-linking and accounts for
the vinegary smell of this material. A tin soap such as stannous oleate or
octoate is usually used as a catalyst to speed the cure of water-cured,
condensation-type silicone adhesives. The filler used to confer strength is
amorphous silica. It is usually treated to control its surface reactivity be-
cause the latter might impinge on the shelf life of the product. RTVs are
used as adhesives and sealants in assembling the implants. Table 2-3
gives details of the composition of Dow Corning RTV.

The filler treatment involves silica aerogel filler. This filler, whose
manufacture is outlined, is amorphous silica with a surface high in silanol
groups. In a nonpolar environment such as silicone gum, these silanols
tend to bond between filler particles, causing aggregation. Although the
primary particle size is ca. 5-7 nm (LeVier et al., 1993), this aggregation
can form long chains and/or agglomerates of filler particles. The agglom-
erated filler acts as a second cross-linking mechanism, leading to a large
increase in the stiffness of an uncured gum or the hardness of a cured
elastomer, clearly an unwanted outcome (Boonstra et al., 1975). Two meth-
ods have been developed to control this—process aids and filler treat-
ment.

Process aids are typically very low molecular weight silanol-termi-
nated silicone fluids that are added to the gum or filler mixture. The
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TABLE 2-3 Silicone Adhesive to Seal Injections Sites, RTV Cure

No. Chemical Name Function Q7-2198 (%)

DC-200 Hexamethyldisiloxane) Solvent 40.31

DS Polymer HO-terminated PDMS Reactive polymer 48

R-972 MesSi-treated aerogel Treated silica 8.23

ETS-900 Methyltriacetoxysilane and Cross-linker 1.72
ethyltriacetoxysilane, 1:1 Cross-linker 1.72

Sn oleate Tin oleate Catalyst 0.038

silanols in the process aid interact with those on the filler surface to give a
stable coating and thus prevent filler agglomeration. This is also called in
situ filler treatment. The coating molecules are held in place by a phenom-
enon known as hydrogen bonding, a moderately strong association of
two oxygen atoms (of the silanol OH groups) held together by a shared
hydrogen atom. Filler treatments similarly passivate the filler surface
silanols. They may also rely on hydrogen bonding, (i.e., treatment of filler
with D, vapor in a kettle). However, it is preferable and more reliable to
bond M groups directly to silanol groups on the filler surface. Hexa-
methyldisilazane is a reagent that can bring this about. The resulting
treated fillers can then be mixed more easily into elastomer compounds
and yield stable products. Dow Corning has disclosed the use of hexa-
methydisilazane as an in situ filler treatment where it is added to the
polymer along with the untreated filler. About 60% of the silanol groups
react, but the resulting coverage is complete by an “umbrella effect” be-
cause the remaining silanols are not free to interact.

High-molecular-weight, viscous silicone gums filled with amorphous
silica (Cab-O-Sil or Aerosil) are mixed with process aids and with perox-
ides such as 2,4-dichlorobenzoyl peroxide and cured under heat and pres-
sure in metal molds. The molds help to protect the elastomer from cure
inhibition by oxygen in the air, as well as to control thickness and shape
(Lynch, 1978). Typically, all three types of silicone elastomers are heated
or “postcured” in circulating air ovens when necessary to improve purity
and stability. All three types of elastomeric materials have been used to
produce silicone breast implants, joint implants, surgical drains, pace-
maker covers, indwelling catheters, and the like (Batich and DePalma,
1992; Batich et al., 1996; Clarson and Semlyen, 1993; Kennan and Lane,
personal communication, 1998).

SILICONE BREAST IMPLANTS

The chemistry of silicone elastomer and gel in a silicone breast im-
plant described here is based substantially on disclosures by Dow Corn-
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ing Corporation and is therefore only an example of one version of this
technology. Details of implants of other manufacturers may be substan-
tially similar but are proprietary, although similar processes have been
described by NuSil chemists (Compton, 1997). Additional details of Dow
Corning and other implants are discussed in Chapter 3 of this report
(Lane and Burns, 1998; T. H. Lane and J. J. Kennan, personal communica-
tions, 1998; T. H. Lane et al., personal communication, 1998). The earliest
Dow Corning shells were made of high molecular weight polymer (gum)
filled with amorphous silica and a process aid designed to passivate the
filler surface. They were mixed with 2,4-dichlorobenzoyl peroxide and
cured in a heated mold. Two shell faces, front and back, were produced
and then glued together to make a seamed shell. This heat-cured elas-
tomer system was used only in the early Dow Corning implant shells
designed for Dr. Cronin and in patches for sealing them; Table 2-4 lists the
details. The uncured gel mixture was injected though a hole and cured in
place with added heat. The hole was sealed with a patch or sealant, and
the final product was thoroughly oven baked to remove all traces of vola-
tile reactants and reaction products, especially 2,4-dichlorobenzoic acid,
which may be toxic (a residue of 20 parts per million remained; T. H. Lane
et al., personal communication, 1998). The gel used was the previously
described platinum curing material, designed to be as soft as possible,
with barely enough strength to maintain its shape (see Table 2-2). This gel
was responsible for the tactile feel of the implant, roughly approximating
the feel of human adipose tissue. The shell helped the gel to maintain its
shape.

Both the shell and the gel were modified for a softer feel in the 1970s
(see Chapter 3). The shell could be made thinner and of more uniform
thickness by using platinum-cured liquid silicone rubber (LSR) and a dip-
coating process similar to the process used to form surgical gloves. In the
dip-coating process, the shell thickness is controlled by the viscosity and
draining rate of the LSR mixture and therefore by its dilution with solvent

TABLE 2-4 Cronin Seamed Shell Elastomer, Peroxide Cure

MDF- MDE- MDEF-0009
0372 0070  Patches

No. Function (%) (%) (%)
SGM-11 Vi-terminated Reactive 65.5 66.81 64.3
Me,-co-MeVi
siloxane
MS-75D Silica aerogel Filler 26.85 24.05 26.36
PA Fluid HO-terminated PDMS Process aid 6.55 7.18 6.47
(C1,BzCOO), Bis(2,4-dichlorobenzoyl) Cross-linker 1.1 1.96 2.92
peroxide
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(Table 2-5). The shell was formed in one piece using a breast-shaped
mandrel. The LSR was diluted to 15% solids with trichloroethylene (TCE)
solvent, dipped and drained, dried, heat-set and peeled off. The large
hole on the back left by the mandrel shaft was covered with an elastomer
patch material (Table 2-6). This elastomer also had an amorphous silica
filler whose silanol surface reactivity had been masked with M groups,
probably by reaction with hexamethyldisilazane, Me,SiNHSiMe,, the re-
active nitrogen analogue of M,. The liquid gel precursor was also modi-
fied by the addition of 80% by volume of low molecular weight (1,000 cS,
25,000 Daltons) nonreactive PDMS fluid to swell the gel and make it even
softer when cured (Table 2-2). This effect is analogous to the swelling of a
sponge in water. Added low molecular weight silicone fluid is not chemi-
cally attached to breast implant gel. The network gel, 20% of the material
mass, is a single giant molecule that is swollen by low molecular weight
fluid, which compromises 80% of the mass, that can move or be extracted
like water in a sponge.

BARRIER-LAYER IMPLANTS

The movement or diffusion of silicone gel fluid was addressed by
Dow Corning with a fluorosilicone elastomer barrier-layer shell. Other
manufacturers have used different technologies. A copolymer of trifluoro-
propylmethylsiloxane (F,PrMeSiO) and methylvinylsiloxane was mixed
with a solvent, a silica aerogel filler (in situ treated with a process aid), an
alkynol cure inhibitor, MeHSiO, and platinum complex catalyst (see Table
2-5). This was dip coated at 2.5% solids to form a very thin interior layer.
A second layer approximating the earlier single shell layer was then added
for strength. The shell was finished as before. The function and perfor-
mance of this and other barrier layers are discussed in Chapter 3.

The toxicology of silicone and silicone breast implants is also dis-
cussed there and in Chapter 4, and the biological and physical properties
of some other silicone compounds are noted. As in any large chemical
family, some organic silicone compounds are very toxic, some have bio-
logical activity, and some are relatively inert and do not have significant
biological activity (LeVier et al., 1995).
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GENERAL CONSIDERATIONS

There is no such thing as a “standard” breast implant. Silicone breast
implants since 1962 have in common the presence of silicone in the shell
with or without silicone in the contents of the shell. There are, however, a
substantial number of characteristics that differentiate the more than 240
U.S.-made breast implants and expanders (Middleton, 1997). Many of
these features are of slight consequence, but at least some of them have, or
are reported to have, important influences on the biologic responses to,
and complications of, implantation. Consideration should be given to the
potential contributions of these influences as well as to the basic influence
of silicone generically or of a specific silicone compound when assessing
the consequences of breast implantation.

Unfortunately, the medical literature describing clinical experience
with local and systemic complications of implants has often not specified
the make and model of implants or their important characteristics. This
has been improving, especially when reporting prospective trials (e.g.,
Burkhardt et al., 1986; Burkhardt and Demas, 1994; Burkhardt and Eades,
1995; Coleman et al., 1991; Hakelius and Ohlsen, 1992; Weinzweig et al.,
1998). Many reports have been retrospective, however, and routinely
women are unable to identify their implants. Medical records may be
incomplete in this respect, or authors may not have appreciated how
different implants can be and the value of taking the time to characterize
implant populations by type, model, and manufacturer. Some implants

54
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were custom made for individual plastic surgeons or were made in small
numbers by even the major manufacturers. Breast implants in the United
States have come from one of more than ten companies, most of which no
longer exist and many of which changed names and ownership over the
years. Implants also were made in less usual types such as triple-lumen,
gel-saline single lumen, reverse double lumen, or gel-gel double lumen.
Little attention has been paid to reporting these minor product lines, and
each one is likely to constitute a small number in any reported series. In
many of these instances, implant records, descriptions, and specifications
may not exist or may be only partially complete from the most detailed
clinical source or the manufacturers themselves (Middleton, 1998a).

Not all of the implant variations noted here will have important clini-
cal implications, but some have the potential to, are hypothesized to, or
have been reported to cause local or systemic health effects or complica-
tions that are relevant to the safety of silicone breast implants. Potential
associations (e.g., shell thickness and rupture, shell texturing or coating
and contracture, gel or saline fill and systemic effects, gel consistency and
tissue penetration, gel composition and toxic response) are noted in the
relevant chapters of this report. This chapter describes the kinds of im-
plants as far as possible, and gives important product names and dates of
market entry and exit to help identify the implants that are, or might be,
involved in studies reported in the medical literature and to help under-
stand the implications of these studies. More complete knowledge of the
specific characteristics of implants in use at various times might provide
some guidance in interpreting clinical reports. Such information would
be useful prospectively. The committee concluded that as complete infor-
mation as possible about the device itself would be helpful to an under-
standing of the safety of silicone breast implants.

There are a number of examples in the plastic surgery literature in
which an appreciation of the implants being used could enhance an un-
derstanding of the medical and scientific implications of a particular re-
port. Relatively thick shells in early-1970s implants may have retarded
the outward diffusion of high-dose intraimplant SoluMedrol and ex-
plained the reported lack of steroid complications reported by Perrin
(1976) as noted later (Cohen, 1978a; Perrin, 1978). Measurements of peri-
implant, capsular tissue silicon or silicone levels vary independently of
implant age and capsule pharmacological reactivity but might be related
to shell (or gel) characteristics (Baker et al., 1982; Evans and Baldwin,
1996; Peters et al., 1995a; Teuber et al., 1995a). One report showed a “poor
but positive” correlation of silicon levels with the age of a group of im-
plants that presumably all had low-bleed shells (McConnell et al., 1997).

High frequencies of saline implant deflation have to be interpreted in
the light of implant types (Grossman, 1973; Worton et al., 1980). Early
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Simaplast, Klein-type, implants were fragile and had a 76% prevalence of
leakage or deflation (Williams, 1972). Early HTV (high-temperature vul-
canized) models from a number of manufacturers frequently deflated
(Mladick, 1993). The Jenny, Heyer-Schulte models had a reported thick-
ness of at least 0.016 inch, or 0.40 mm, that made them sturdy (Jenny,
1994; Schmidt, 1980). Modern RTV (room temperature vulcanized) mod-
els are reported to deflate infrequently (Gutowski et al., 1997; Mladick,
1993; and see discussion in Peters, 1997).

The high prevalence of shell rupture in one gel implant was said to
reflect the unique process of dipping the gel into elastomer rather than
filling a preformed elastomer rubber casing used with this particular
model (Meme ME, Aesthetech). Later models were said to correct this
problem (MemeMP) and were certainly no longer made in this way
(Middleton, 1998b; Middleton and McNamara, 1995). Early Ashley-type
polyurethane-coated prostheses were also prone to rupture along the
seam until this was modified (Cohney and Mitchell, 1997). Prevalence of
rupture differing by brand of implant has been reported by Feng (IOM
Scientific Workshop, 1998), and Peters and Francel have reported major
differences in rupture for silicone gel implants of different vintages, up to
95% at 12 years’ implantation with thin shelled, 1972-mid 1980s-implants
(Francel et al., 1998; Peters et al., 1996). Others have also reported frequent
rupture for these thinner-shelled implants, although the numbers could
also reflect the effects of wear on long-duration implants and the biases
inherent in patient groups that are identified because they present with
problems that lead to explantation (De Camara et al., 1993; Harris et al,,
1993; Malata et al., 1994a; Rolland et al., 1989a).

Separate descriptions of women with saline and gel implants in pa-
tient populations with systemic signs and symptoms (Cuéllar et al., 1995a;
Dobke et al., 1995) might direct further inquiry, although some report
similar autoantibodies in both saline and gel implant patients and atypi-
cal disease symptoms in saline implant patients (Byron et al., 1984; Martin
etal., 1993; Miller et al., 1998; Vargas, 1979). Calcification has been associ-
ated with a particular make of implant, although it can occur around any
implant (Peters et al., 1998; Rolland et al., 1989b). Implant rupture after
closed compression capsulotomies is reported to depend on implant vin-
tage (Lemperle and Exner, 1993). Other examples could be cited, but it is
clear that complications such as capsular contracture, rupture, and sili-
cone migration may vary with implants from different manufacturers
based on factors that are not precisely identified, including different shells,
different gel consistency and diffusion characteristics, different gel chemi-
cal composition and siloxane molecular weights, different shapes, and so
forth (Ksander and Vistnes, 1985).
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IMPLANT TYPES

Implants come in a great range of sizes, generally from 80 to 800 cubic
centimeters (cc) or milliliters in volume, although 1,000-cc implants or
expanders have been used on occasion (R.A. Ersek, personal communica-
tion, 1998; Hester and Bostwick, 1990). The diameter, or largest dimen-
sion, of breast implants ranges from 7.5 to 16.8 cm and the projection, or
profile, from 1.5 to 7.5 cm. These dimensions make breast implants dra-
matically larger foreign bodies in both surface area and volume than most
other alloplastic implants, especially when placed bilaterally (Gold, 1983;
Hester and Bostwick, 1990; Middleton, 1998a). Various shapes such as
round, oval, teardrop, or contoured have been available.

There are a number of major construction types of implants. Single-
lumen implants have a single silicone elastomer shell traditionally filled
with silicone gel. The gel is composed of cross-linked silicone permeated
by silicone fluid (as described in Chapter 2). The chemical composition
and weight-average molecular weight of the gel differs from manufac-
turer to manufacturer and from time to time (Dorne et al., 1995). As mea-
sured by extraction studies, the fluid may comprise 30-80% (Council on
Scientific Affairs, 1993). Changes in fluid content affect the consistency
and feel of the implant. Saline (at salt concentrations similar to those of
body fluids) is used to fill shells. Rarely, other materials such as dextran,
polyvinyl-pyrrolidone, or recently, soybean oil have also been used.

Some of these implants (valved) may be inflatable, so that their vol-
ume can be changed during implantation. Expanders are specifically de-
signed to be inflated incrementally postsurgically. This creates an enlarg-
ing tissue pocket either to accommodate a replacement implant after a
period of tissue adjustment or, less frequently, to accommodate the ex-
pander permanently. Expanders are used most often in reconstruction.
Expansion actually leads to the formation of new tissue after operative
excision of tissues for cancer or other conditions. This usually entails
epidermal thickening, proliferation of blood vessels, and some dermal
thinning with thick collagen bundles and myofibroblasts and muscle cell
degenerative changes and loss in both the experimental and clinical situ-
ation (Argenta, 1984a, b; Argenta et al., 1985a; Austad et al., 1982; Gur et
al., 1998; Johanson et al., 1993; Kim et al., 1993; Leighton et al., 1988; Pasyk
et al., 1982; Rowsell et al., 1986).

Since the early 1980s, designs have been available with detachable
reservoirs to allow the expander to be left as a permanent placement
(Becker, 1984, 1986a; Gibney, 1989). About 14% of reconstruction implants
were estimated to be permanent expanders (Zones, 1992). According to
American Society of Plastic and Reconstructive Surgeons’ (ASPRS, 1997)
data, 31.66% of breast reconstructions involve the use of some kind of an
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expander. Expanders can be replaced with various permanent implants.
Some surgeons report advantages to augmentation patients in the use of
permanent gel-saline or saline expanders with the inflation ports left in
place (Berrino et al., 1998a). Inflatable implants usually are saline filled,
but rarely they contain gel with provision for changing size by the addi-
tion of saline to the gel-filled lumen. Expanders contain saline in a single
lumen or sometimes an expandable saline lumen inside a gel lumen. Some
expanders are directionally expandable through shell modification or pig-
gyback-bonded separate expanders (Hester and Bostwick, 1990).
Historically, single-lumen, gel-filled implants (that include polyure-
thane-coated implants) have been the most commonly used, approximat-
ing 60-80% of devices implanted (Middleton, 1997; Zones, 1992). How-
ever, since the 1992 FDA moratorium on gel-filled implants, single-lumen
saline implants, that historically comprised 5% of implants (Gabriel et al.,
1994; Zones, 1992), have almost completely replaced gel implants (see
Chapter 1). Saline as the filler for implants was originally considered, but
discarded by Cronin in the early 1960s, presumably because gel implants
“remained normally expanded even when torn” (Cronin and Gerow,
1963) and “it seemed unlikely that leakage could be avoided for life”
(Cronin, 1983a). Saline-filled implants were reported in France in 1965
(Arion, 1965) and in the United States in 1969 (Tabari, 1969—initially
filled with dextran 6%). Saline implants were made earlier (1965) in New
York City according to some observers (R.A. Ersek, personal communica-
tion, June 10, 1998 ). Their lesser popularity has been ascribed to a number
of factors. These include: high deflation rates (since corrected) and leaky
valves (Capozzi, 1986; Lantieri et al., 1997; Peters, 1997); a weight said to
be up to 8% heavier than a comparable-volume gel implant (Barney, 1974);
a fluid wave (“slosh effect”) with sounds that can be heard by the patient
(Asplund, 1984); and thin consistency and wrinkling that is visible
through the skin and/or palpable (Gylbert et al., 1990a; Melmed, 1998;
Slavin and Goldwyn, 1995). These undesirable features are alleviated to a
large extent by the more tissue-like consistency of gel and its lower ten-
dency to shift with different patient positions. Placement of the saline
implant deep to the muscles of the chest and slight overfilling also mini-
mize some of these problems (Nicolle, 1996). They must also be balanced
against the problems of gel, such as gel fluid diffusion through the shell
into the tissues; axillary adenopathy secondary to silicone; release of gel
on implant rupture, which can be removed only incompletely by surgery
and includes the possibility of gel migration and granuloma formation;
higher incidences of contracture; and greater radiopacity of gel.
Standard double-lumen implants have two shells either connected or
patched together or floating freely one in the other. The inner lumen is gel
filled and the outer saline filled. In the case of reverse double lumen
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(implant expander), there is an inner saline and an outer gel-filled lumen.
The idea here was that the thicker gel would minimize wrinkling, which
led to leaks, while at the same time the expandable inner lumen would
allow for some volume adjustment and potentially intraluminal medica-
tion (Colon, 1982). Double-gel or reverse adjustable double-lumen (gel-
gel with provision to add saline to the inner gel) implants were rarely
made (see company data below). The gel part of the standard double-
lumen implant provides the cosmetic and other advantages of gel, and
the saline part provides an inflatable or expander option and a reservoir
for adrenal steroid, which, although not an FDA approved use, has been
reported to minimize capsular contracture (Lemperle and Exner, 1993;
Spear et al., 1991; and others, as noted in Chapter 5 of this report).

Aside from the expander and reservoir possibilities, the outer saline
lumen was also supposed to form, in theory at least, an additional barrier
against gel fluid diffusion or gel leakage or rupture and resulting silicone
tissue residuals and granulomas (von Frey et al., 1992). This feature by
itself was often ineffective (Melmed, 1998); in fact, no data could be found
to support such a function. Yu et al. (1996) measured quantities of gel
fluid diffusing from an explanted double-lumen implant that were con-
sistent with amounts measured from implants of various kinds and were
about twice as much as from a single-lumen gel implant explanted from
the other breast of the same patient. Additional data from this group
showed silicone gel fluid diffusion from double-lumen implants in greater
amounts than from either barriered or unbarriered gel implants (Marrota
etal., 1996a). Cocke and Sampson demonstrated silicone fluid droplets in
cells of capsules of double-lumen breast implants biopsied four months
after implantation by transmission electron microscopy and electron dis-
persion x-ray analysis (Cocke and Sampson, 1987).

The outer lumen of a double-lumen implant was designed to be punc-
tured and deflated as a corrective to capsular contracture (Hartley, 1976),
but this kind of implant did not appear to decrease the incidence of
contractures (De Blecourt et al., 1989; Vasquez et al., 1987). The volume of
the gel or saline outer lumen has been less than the volume of the inner
lumen, varying roughly from 10 to 40% of the inner-lumen volume (Hester
and Bostwick, 1990). At one time, standard double-lumen implants com-
prised about 12-15% of breast implants (Middleton, 1997; Zones, 1992);
but since the 1992 FDA moratorium, they have given way to single lu-
men-saline implants and have been implanted 1% or less of the time
(ASPRS, 1996). Triple-lumen implants, also seldom used, have three shells,
the inner and middle filled with gel and the outer with saline.

Implants of gel alone (with no shell) were used, mostly, but not al-
ways outside the United States (Freeman, 1972, 1977). However, two gel
implants without shells, the Cavon implant (CUI International) and an
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Aesthetech implant are reported to have been made and sold in the United
States (Middleton, 1998a). Some surgeons used small amounts of gel to fill
in around implants (Middleton, 1998b), injected gel directly (Boo-Chali,
1969) or injected fluid with a catalyst to create RTV silicone gel within the
breast (Conway and Goulian, 1963). Though unapproved, silicone fluid
alone was formerly injected into breasts for augmentation in the United
States (Ellenbogen and Rubin, 1975; Kagan, 1963; Vinnik, 1976a; see also
Chapter 1 of this report).

IMPLANT SHELL CHARACTERISTICS

Implant shells are made of silicone rubber, that is, elastomer with a
filler. They vary in the composition and characteristics of the elastomer
(e.g., approximately 21-27% amorphous silica filler in the elastomer for
the shell and in shell patches, and 16.5% in barrier coats according to Dow
Corning). Specifications of other manufacturers may vary. Amorphous
silica is different in its physicochemical properties and in its biologic ef-
fects from crystalline silica, which is reported not to be present in measur-
able amounts in implant shells or gels (see Chapter 2; see also IARC, 1997;
Iler, 1981). Shell thickness also varies, ranging from 0.13 to 0.75 mm, or
0.005 to 0.030 inch. Some shells have been even thicker, and areas of some
implant shells lie outside this range (J. Curtis, Dow Corning, personal
communication, February 17, 1998; P. Klein, Dow Corning, personal com-
munication, August 10, 1998; Z.F.Twardochleb, McGhan Medical, per-
sonal communication, July 7, 1998). Most shells have had smooth elas-
tomer rubber, but increasingly, some are textured with different surface
features or shell projections of varying coarseness, depending on the
manufacturer.

Shell Polyurethane Coating

Texturing was a reaction to the success in reducing capsular contrac-
ture of the original 1- or 2-mm-thick poly(ester)urethane foam-textured
coating of a regular silicone gel-filled implant (Ashley, 1970, 1972). The
foam was produced from the polymerization of polydiethylene glycol
adipate with a 4:1 mixture of 2,4- and 2,6-toluene diisocyanate and was
secured by an RTV silicone adhesive primarily to single-lumen gel im-
plants. Occasionally standard double-lumen, saline, and gel-saline im-
plants were coated with polyurethane foam. The foam had 80-100 open
pores of 200-500-mm in diameter per linear inch (Batich et al., 1989;
Mishra, in FDA, 1990). About 1.35 g of foam covered an average implant
(Szycher and Siciliano, 1991a).

The polyurethane coating of implants was popular. An estimated
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110,000 women, or about 10% cumulatively (FDA, 1995) or 18.8% in a
given year (e.g., 1990; Zones, 1992) had implants with polyurethane coat-
ing because it secured the implant and clearly reduced early contracture
(Capozzi, 1991; Capozzi and Pennisi, 1981; Hester et al., 1988). The coat-
ing may not have amounted to more than a mostly temporary and no
more effective form of texturing than that described below (Brand, 1984;
Burkhardt and Eades, 1995; McCurdy, 1990). However, there are sugges-
tions that polyurethane specifically inhibited fibroblasts, had some spe-
cific effects on immune cells (Bradley et al., 1994a), and either specifically
or because of fragmentation into many small particles (see below and
Goodman et al., 1988) was particularly effective in causing an acute and
continuing chronic inflammatory response that postponed the mature
fibrotic phase and accounted for delayed capsule formation (Brand, 1988;
Devor et al., 1993; Sank et al., 1993; Smahel, 1978a; Whalen, 1988) with
significantly less contracture than texturing of the silicone shell alone
(Handel et al., 1995).

A number of reports established the success of polyurethane-coated
implants in reducing the frequency of contractures in either the submam-
mary or submuscular position in the first few years after implantation
(Cohney et al., 1992; Handel et al., 1991a; Herman, 1984; Hester et al.,
1988; Hoffman, 1989; Melmed, 1988; Pennisi, 1985, 1990; Wells, 1988), but
it is difficult to be sure whether the long-term contracture result after
disintegration of the coating was better than with other implants. For
example, significant contractures occurred late in Cohney’s large, long-
term study (Cohney et al., 1992). An occasional synovial lining (see be-
low) around a polyurethane implant was reported, which may also have
influenced capsule formation, although that report described implants of
a young age (2.5 years) (Raso and Greene, 1995). A tendency to seroma
and the occurrence of late pain have also been reported (Jabaley and Das,
1986; Wilkinson, 1985). The cellular characteristics of any implant capsule
most likely depend on a number of factors, some of which are as yet
unknown (Hardt et al., 1994).

Polyurethane foam was said to undergo partial chemical degradation
under physiologic conditions, releasing compounds that are, or could
become, carcinogens in animals but are not known human carcinogens
(i.e., 2, 4-toluenediamine [2, 4-TDA] or precursors) (Benoit, 1993; Chan et
al., 1991a,b; Luu et al., 1994; NTP, 1978); however, these are reportedly
released in very small amounts that would not present an unacceptable
risk (Expert Panel, 1991; FDA, 1991b, 1995). Other evidence suggests that
chemical degradation, although possible (Dillon and Hughes, 1992), may
have been minimal (Amin et al., 1993; Hester et al., 1997; Szycher et al,,
1991; Szycher and Siciliano, 1991a). Furthermore, epidemiological human
and experimental animal evidence does not support an association be-
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tween cancer and polyurethane (Brand, 1988; Cohney et al., 1992; Devor
et al., 1993; Hagmar et al., 1993; Lemen and Wolfe, 1993; Sorahan and
Pope 1993).

On the other hand, Sepai et al. (1995) reported levels of 2, 4-TDA in
drainage from the implant operative site and, over a two-year period, in
the plasma (> 4 ng/ml) of women with polyurethane-coated breast im-
plants that were higher than had been considered previously in assessing
cancer risks from these implants suggesting that the exposures and risks
might be problematic. These risks had been estimated by the FDA at
between 5 in 10,000,000 and 111 in 1,000,000 lifetime cancers in women
with polyeurethane implants depending on the currently available data
or a worst case 100% degradation to 2-4-TDA, respectively. The risk of 5
in 10,000,000 was considered reasonable by others (Expert Panel, 1991).

Given the relatively small number of women with polyurethane im-
plants still in place, the natural breast cancer incidence in women, and the
lack of evidence for polyurethane carcinogenesis, which implies at most a
small effect, if any, of polyurethane in causing human cancer, it is un-
likely that any study of patients with existing implants will be able to
provide sufficient evidence of an association between these implants and
cancer. At present, evidence is lacking to conclude that there is an associa-
tion between polyurethane-coated implants and cancer, and the weight of
existing evidence suggests that there is no such association. Since the
implantation of polyurethane-coated breast implants within the United
States is unlikely, these conflicting studies may never be reconciled.

In the human breast, the 1.5- to 2-mm foam coating separated from
the implant surface and disintegrated physically as well as chemically
beginning almost immediately and progressing over a few years; what
remained was a mostly smooth implant with a capsule containing poly-
urethane fragments (Guidoin et al., 1991a,b; Hester et al., 1988; Shapiro,
1989; Slade and Peterson, 1982; Smahel, 1978a,b; Szycher et al., 1991) al-
though there has not been complete agreement on this point (Szycher and
Siciliano, 1991b). The same disintegration into scattered polyurethane
fragments and migrating fibers has been observed in experimental female
mice within 47 weeks (Devor et al., 1993), and half-lives for biodegrada-
tion of about 21 months or 2-3 years have been calculated, respectively,
from human 2,4-TDA excretion data and explanted implants (Hester et
al., 1997; Sinclair et al., 1993).

Although some studies reported that the adherent capsule was more
resistant to infection (Merritt et al., 1979; Whalen, 1988), others reported
major problems with eliminating infections in capsules because disinte-
grated foam acted as multiple foreign bodies and was often very difficult
to remove (Berrino et al., 1990; Bruck, 1990; Guidoin et al., 1991a; Hardt et
al., 1994; Hester, 1988; Melmed, 1988; Okunski and Chowdary, 1987;
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Umansky and Wilkinson, 1985; Wilkinson, 1985). In addition to problems
in removing foam fragments, the polyurethane implant itself was difficult
to explant (Bruck, 1990; Cohney and Mitchell, 1997). There is insufficient
evidence that infection was more frequent in these implants (Handel et
al., 1991a; Hester et al., 1988; Melmed, 1988, Pennisi, 1990). The coated
shell was also notably more radiopaque on mammography than an un-
coated shell (Young et al., 1991a) and may have interfered with magnetic
resonance imaging for rupture (Ahn et al., 1993). Domestic polyurethane
foam-coated implants were discontinued in 1991.

Implant Shell Texturing

The form of texturing of silicone elastomer implant shells varied
considerably by manufacturer. For example, Dow Corning Silastic MSI
(Micro Structured Implant) had regular pillars 750 mm high, 250 mm in
diameter, and 500 mm apart. McGhan Biocell uses an open pore network,
3.1 pores/mm?, average size 289 mm, height 500-800 mm. Mentor Siltex
has surface irregularities 65-150 mm high and 60—-275 mm wide. Bioplasty
MISTI consisted of pores 20-800 mm wide (Barone et al., 1992; Dow Corn-
ing, 1991, p. 20021; Jenkins et al., 1996; Maxwell and Hammond, 1993).
Most of the originally smooth major construction types were sold with
texturing, beginning in the mid-1980s, to minimize capsular contracture
(Hakelius and Ohlsen, 1997; Hammerstad et al., 1996, Maxwell and
Hammond, 1993; Pollock, 1993).

Texturing was assumed to work to reduce capsular contracture in
ways similar to polyurethane; that is, tissue grew into the interstices of
projections or pores, prolonging chronic inflammation, disorienting col-
lagen fibrils, and weakening their contractile forces (Barone et al., 1992;
Whalen, 1988). Some descriptions of textured gel- or saline-filled implant
capsules also note the formation of peri-implant synovial tissue, that is, a
joint lining-like tissue reaction that, along with a more cellular capsule, is
said to check excessive contracture (Raso and Greene, 1997). The synovial
cells around the implant, which appear on monoclonal antibody charac-
terization to be the same as joint synovium, are reported to be more com-
mon around textured implants (Bleiweiss and Copeland, 1995; Copeland
et al., 1994; Luke et al., 1997; Wickman et al., 1993). They are of monocyte
or macrophage origin. There is suggestive evidence that some have
phagocytic and transport functions that may have the capacity to transmit
particulates such as silicone microdroplets or elastomer fragments (or,
experimentally, colloidal carbon) outside the capsule to local lymph nodes
and that others have a secretory function that may contribute to fluid
surrounding the implant (Emery et al., 1994). Synovial lining has also
been reported around smooth gel and saline implants (Burmester et al.,
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1983; Chase et al., 1994a; del Rosario et al., 1995; Hameed et al., 1995; Luke
et al., 1997; Raso et al., 1994a,b, 1995a,b).

Some studies have concluded that this synovial lining is a reaction to
friction in a surgical cavity (i.e., a bursa) and is indistinguishable from the
synovial lining of joints and normal bursae (Copeland et al., 1994; Emery
et al., 1994). Recent analysis proposes that synovium is a transitional
phase, inversely related to implant age and unrelated to other factors
such as implant surface, placement, and capsule or gel fluid diffusion
through the shell (Chase et al., 1996; Ko et al., 1996). Wyatt et al. (1998)
recently reported 93 capsules from a variety of smooth and textured im-
plants examined primarily during capsulectomy for contracture. The
smooth implants had been in place for an average of 104 months, the
textured for 67.7 months. Synovial cellular reaction decreased significantly
with time around both smooth and textured implants (p = .003 and .051,
respectively). Possibly synovium, beginning in bursae formed in response
to friction from movement common to all breast implants, may mature
over time to a fibrous tissue sheath with increasing predominance of
fibroblastoid cells that were originally in the minority (Raso et al., 1994a).
Other studies have concluded that synovium is a fundamental biological
phenomenon in tissue spaces exposed to friction, which is seen in about
25% of implant capsules but is not particular to such sites (Schnitt, 1995).
Still other reports put the percentage of synovial villous hyperplasia con-
siderably higher (63%) in early textured implant capsules (Wyatt et al.,
1998). Texturing may also cause more peri-implant fluid, in part at least
due to the secretion of proteoglycans by synovial secretory cells, although
some fluid around implants in general is fairly common. In a study of
explants from symptomatic women, intracapsular fluid (0.2-20 ml) was
found around 15% of implants, was not related to infection or any par-
ticular symptoms, but was more frequent around textured implants (Ahn
et al., 1995a). Texturing is reported by some to be variably more (e.g.,
polyurethane, Biocell) or less effective in providing tissue fixation of im-
plants (Maxwell and Hammond, 1993). Different patterns and depths of
surface texturing seems to make a difference in cellular behavior and
probably in clinical results. (For further discussion, see Chapter 5.)

Barrier Shells

In more recent times, many gel-filled implant models have had shells
constructed to lessen the diffusion of silicone fluid compounds into the
tissues. Either these models add one or two shell layers of diphenyl or
other modified siloxanes, or they interpose a layer of fluorosilicone be-
tween the shell and the gel contents. In the case of Dow Corning, this
fluorosilicone layer is reported to have limited silicone fluid “bleed” (or
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diffusion, as measured by various in vitro techniques designed to pro-
mote flow) to an estimated 96 mg per year per 300-ml implant, compared
to 487 mg per year per implant in older models (T. Lane, Dow Corning,
personal communication, April 28, 1998). Other, independent measure-
ments of various implant models (Yu et al., 1996) put silicone gel fluid
diffusion at about 300 mg per year, with considerable variation depend-
ing on implant age and manufacturer. Figures of 60-100 mg per year for
pre-barrier and 5-10 mg per year for barrier implants are quoted fre-
quently in the literature (Independent Advisory Committee on Silicone
Gel-Filled Breast Implants, 1992), but these are probably just early Dow
Corning estimates. Other early measurements varied between 15 and 45
mg at 12 weeks, depending on implant make (Bergman and van der Ende,
1979). In an accelerated bleed test (300°F, forced-air furnace) by Battelle,
the Dow Corning Silastic I accumulated 14 mg of silicone gel fluid diffus-
ing out through the shell at eight weeks. Implants of other manufacturers
accumulated between 300 and 400 mg (Morey and North, 1986). Diffusion
through the shell depends on the maintenance of a concentration gradient
by the removal of fluid from the outside surface and through the capsule.
Since the capsule appears to present a barrier to silicone movement, these
estimates of the amount of fluid diffusion may be high, because they do
not reproduce this feature (Beekman et al., 1997a; Yu et al., 1996).

In implants with a gel fluid number molecular weight of 13,840 g/
mol, gel fluid diffusion averaged a number molecular weight of 11,630 g/
mol (less than 0.05% low molecular weight cyclic siloxanes, D,~D;) or
6,194 g/mol (less than 0.4% low molecular weight cyclics, molecular
weight of D, = 296) depending on the absence or presence, respectively, of
a barrier coat (IOM Scientific Workshop, 1998). A minority percentage of
higher molecular weight siloxanes, up to 400,000, was also reported in
diffusate from implants without barrier coats, possibly from uncross-
linked shell silicones (Varaprath, 1991, 1992). A silicone gel implant is
said to contain about 855 parts per million (ppm) of D,, or about 256 mg in
an average-size (300-cc) gel implant (T.H. Lane and J.J. Kennan, personal
communication, 1998). Using different methods, others have reported 1
mg per day of low molecular weight cyclic diffusion into surrounding
hydrophilic media in vitro (Lykissa et al., 1997; E.D. Lykissa, personal
communication, July 29, 1998). This figure seems high given the measure-
ments cited above for total diffusion and the percentage of these com-
pounds in the gel fluid. Presumably if this were to continue, the entire
amount of D, in an implant would diffuse out in a year, which seems
unlikely.

The fluorosilicone layer, which is a thin (about 10-um) barrier coat on
the interior surface of the implant shell, slowed diffusion because it had a
solubility parameter quite different from that of the gel fluid. This was
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unfavorable to higher molecular weight silicones so diffusion was com-
posed of relatively more low molecular weight silicone compounds, as
noted above (Van Dyke, 1994; Van Dyke and Fowler, 1994). It also was not
as strong as the usual elastomer rubber and typically added to shell thick-
ness, although only slightly (about 4%). Reports of capsular and blood
silicon levels in patients with implants from many different manufactur-
ers have not substantially changed over time when shells of varying bar-
rier effectiveness were used. In addition, several authors have reported
that fluorosilicone barrier shells lose their effectiveness after two or three
years, presumably due to fracture of this weaker elastomer (Baker et al.,
1984; McConnell et al., 1997; Peters et al., 1995a,b, 1996; Yu et al., 1996).

Other Characteristics of Implant Shells and Gels

Rare shells, like the early polyurethane Ashley implant, had inverted
Y-shaped internal dividers, presumably designed to control the shape of
the gel and implant, keeping the gel from sagging to the dependent and
central part of the implant. This feature was continued in the Optimam
polyurethane implant until 1991. Patches in almost endless variety have
been made of elastomer rubber, elastomer—Dacron, or Dacron alone [poly-
(ethylene terephthalate)-based cloth]. Seal patches were used to seal holes
and slits left in shells during manufacturing and to reinforce and seal the
shell entries of valves or valve tubes used for filling inflatables and ex-
panders. Fixation patches were designed in a vast array of sizes, shapes,
and locations to be infiltrated by tissue and thereby keep the implant from
sliding around within the breast. Fixation patches were found, or could
be ordered, on almost all major implant types. Expanders meant to be
replaced by permanent implants were rarely made with these patches. By
the 1980s, however, fixation patches had fallen out or favor. They were
felt to contribute to scarring around the implant (Williams, 1972), to a
higher incidence of peri-implant calcification (Luke et al., 1997; Rolland et
al., 1989b) and possibly to an increased likelihood of rupture (De Camara
and Sheridan, 1993; Malata et al., 1994a). Patches as seals are still needed
for manufacturing of modern seamless implants.

A variety of access ports and valves accessible through the skin have
been available for inflatables and expanders, both at the implant and at a
distance. Some of these remain with the implant. Some are removed after
the final size of the implant has been achieved. Some valves have been
reported to be quite insecure or to leak, which is said to contribute to
implant deflation or microbial contamination of the saline in an implant.
Middleton (1997, 1998a) listed six types of implants or expanders with
valves and characterized and extensively described the various kinds of
valves and patches.
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The silicone gel-filled implant has undergone a number of changes
over time. Its physical qualities have been altered, making it firmer or
softer and more or less elastic. These changes and the addition of barrier
layers and other shell changes may result in some different molecular
species in gel fluid diffusion, although the fluid itself, at least in the case
of Dow Corning, is said to have remained the same since 1975. Various
catalysts have also been used as the manufacturing process has changed
over time. Traces of these remain in the gel and could in theory diffuse
through the shell. These include 1,3-diethenyl-1,1,3,3-tetramethyl-
disiloxane—platinum complexes and methylvinylcyclosiloxane—platinum
complexes, among others. These substances, bis-(2,4-dichlorobenzoyl)
peroxide, and tin compounds such as stannous octoate or oleate or di-
butyltin dilaurate (see Chapter 4 section on tin) were used in the elas-
tomer or seal patch adhesive or RTV saline implant shells. The platinum
compounds (said to be in the zero oxidative state) are generally reported
to comprise 0.9 ppm of the gels and about 8-10 ppm of the shell and patch
(J. Kennan, Dow Corning, personal communication, April 28, 1998; also
NuSil, Compton, 1997) although this may vary with different gels or
shells. The average Silastic I 305-cc implant contained 281 pg of platinum,
74% (207 pg) of which was in the gel presumably as a colloidal, elemental
platinum residual (J. Curtis, Dow Corning, personal communication,
April 28,1998; Lewis et al., 1997). The conventional implant size of around
300 ml is based on company representations and actual experience with a
1,317-implant series averaging 284 cc (Middleton, 1998b) though lower
averages have been reported (e.g., 247 cc, Fiala et al., 1993). Older model
Silastic 0 implants contained more platinum—about 480 pug (Dow Corn-
ing IOM Scientific Workshop, 1998). Another investigator reported 4.5
ug/g platinum in gel from a Dow Corning implant, or about 1.3 mg per
average implant, a higher value with questionable biological significance
(El-Jammal and Templeton, 1995).! Analytical measurement of curing
agents, solvents, and catalysts (process aids; see Chapter 2) by 48-hour
dichloromethane and 24-hour 70°C saline extraction gave values of 20
ppm or less for these substances from extractions except for butylcarbitol
acetate (up to 703 ppm). These substances are present at very low levels
(T. Lane and J. Kennan, Dow Corning, personal communication, April 28,
1998)? and seem unlikely to contribute significantly to tissue levels by
diffusion through the shell.

ISince the value of 207 ug is the actual amount of platinum added to about 300 g of gel,
according to Dow Corning, the higher measured value is confusing.

2Acetone, butylcarbitol acetate, 2,4,-dichlorobenzoic acid, ethanol, 1-ethynyl-1-cyclo-
hexanol, 2-methyl-3-butyn-2-ol, 1,1,1-trichlorethane, xylene, platinum, tin, and zinc were
the substances measured.
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Since silicone elastomers and gels may be irradiated under clinical
conditions in patients with breast cancer, their stability and effect on the
radiation beam when subjected to the doses delivered to such patients are
important considerations. Although tests of a full range of elastomers and
gels of various manufacturers have not been reported, the relatively small
differences in silicones of various breast implants probably have minimal,
if any, effect on stability or transmission characteristics. Tests of Surgitek,
McGhan, and Dow Corning products have been reported. These reports
and more generic reviews indicate that silicone gel breast implants should
have no more clinically significant effect on radiation therapy than an
equivalent amount of breast tissue or saline. Their physical characteristics
and silicones themselves should remain relatively stable at dose levels up
to 7,500 rads, although some discoloration of the gels and loss of compli-
ance has been reported after irradiation (Klein and Kuske, 1993; Krishnan
and Krishnan, 1986; Krishnan et al., 1983, 1993; Kuske et al., 1991;
Landfield, 1983; McGinley et al., 1980; Shedbalkar et al., 1980). The radia-
tion stability of silicone, partcularly platinum cured and phenyl methyl, is
considered good (Radiation Sterilization Working Group, 1996). The cos-
metic results are not adversely affected in irradiated, implant-augmented
breasts when radiation is administered with careful attention to tech-
nique, according to most investigators, although there are some reports of
greater frequency of capsular contracture. Contractures are more frequent
and results are in general less good in immediate postmastectomy recon-
struction using implants and in implantation in previously irradiated
breast tissue (Barreau-Pouhaer et al., 1992; Chu et al., 1992; der Hagopian
et al., 1981; Dickson and Sharpe, 1987; Evans et al., 1995; Forman et al.,
1998; Halpern et al., 1990; Handel et al., 1991b; Jacobson et al., 1986;
Kraemer et al., 1996; Krishnan et al., 1993; Kuske et al., 1991; Lafreniere
and Ketcham, 1987; Mark et al., 1996; Rosato and Dowden, 1994; Ryu et
al., 1990; Spear and Maxwell, 1995; Stabile et al., 1980; Thomas et al., 1993;
Victor et al., 1998; von Smitten and Sundell, 1992), although radiation
does not appear to affect contracture frequency or severity in experimen-
tal animals with implants (Caffee et al., 1988; Whalen et al., 1994). As
noted elsewhere in this report (see Chapter 12), silicone gel- and saline-
filled implants interfere with the visualization of the entire breast on x-ray
film mammography. Relative radiolucencies of various fillers for implants
were reviewed by Young et al. (1993a), and silicone gel interfered with
visualization the most, followed by progressively more radiolucency with
saline, bio-oncotic gel, and peanut oil fillers.

In view of the many manufacturers, major construction types, vary-
ing and changing shell elastomer rubber, gel, and surface characteristics,
barrier layers, and other less meaningful differences, it is easy to appreci-
ate why there were hundreds of types of implants. In fact, if dimensions,
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shape, and patch and valve characteristics are added to the variables,
Middleton has estimated that as many as 8,300 different implants might
have been available. Some of these can be identified by implant surface
markings, which are sometimes radiopaque, or by other characteristics
that are unique to a particular implant and identifiable either on explanta-
tion or by techniques such as film or MRI mammography. Identification
can be useful in assessing the way implants might behave and has of
course been useful in litigation (Middleton, 1997, 1998a). Presumably, gel,
saline, or other filler, smooth or textured surface, barrier layer or standard
elastomer shell, elastomer shell thickness, physical or chemical character-
istics, other physical and chemical gel and gel fluid characteristics and
compositions, and the presence and concentration of nonsilicone sub-
stances (e.g., catalysts or other substances remaining in the implant from
the manufacturing process), would represent a minimum list of features
that might have biomedical and health implications, either local or possi-
bly systemic. Information on the product characteristics introduced over
time by various manufacturers and distributors could help in analyzing
these associations. This information, often considered in the nature of
trade secrets, is not available in any detail. Even the information in this
chapter was not easy to assemble and has not previously been assembled
in this way.

IMPLANTS FROM DOW CORNING

Dow Corning Corporation made the first silicone gel breast implants
for Dr. Thomas D. Cronin (Cronin and Gerow, 1963) in 1962. This model
reflected the ideas of Cronin, who had been considering ways to improve
implants through the 1950s, and of his resident Dr. Frank Gerow, in con-
sultation with Mr. Silas Braley of the Dow Corning Center for Aid to
Medical Research. After a year of development, the first implant was
placed in March 1962 (Cronin, 1983a). Dow Corning continued to make
these implants through 1963 in a form similar to, or the same as, that
distributed in 1964, the company’s first full commercial year. By the early
1970s the Dow Corning Cronin Dacron patched implant had achieved a
stunning popularity of 88% of all implantations according to one survey
(Williams, 1972).

Dow Corning gel used in the early Cronin and Silastic implants and
officially from 1964 to 1969 and 1969 to 1975 respectively, was thick and
firm. Information on these and later gels, elastomers, adhesives, and
patches can be found in Chapter 2. In general, catalyst mixtures contained
0.9% platinum complexes or about 0.2% platinum (J. Kennan, personal
communication, April 28, 1998), and the swelling fluid that was added to
the gel was changed to (and remained) 1,000 centistoke (cS) DC-360 fluid
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in 1975 (T.H. Lane and J.J. Kennan, Dow Corning, personal communica-
tion, August 28, 1998). Also in 1975, the gel in the Silastic I model was
changed so as to be softer and more compliant. This gel was used in the
Silastic I, Silastic II (1981-1992), and textured models, Silastic MSI (1990-
1992). Double-lumen models, first introduced in 1979, lagged in changing
from Silastic I to II or adding MSI, but used the same responsive gel. Less
compliant gel was partly reintroduced with shell changes in 1978 (522
and 529 series implants only) and 1981 (PO17 teardrop series implants
only).

From 1964 to 1967, Dow Corning silicone elastomer rubber shells
were thick and seamed. They were less thick and seamless from 1968 to
1973 (Cronin and Greenberg, 1970). As noted, chemical details can be
found in Chapter 2 of this report. These two shells were, respectively,
about 0.030 inch (0.75 mm) and 0.010 inch (0.25 mm) thick. The latter shell
was made thinner and softer from 1973 to 1978 and was 0.005 inch (0.13
mm) thick on average. These dimensions presumably were described by
Weiner et al. (1974) and may explain the differences in rupture rates re-
ported by Peters and others, noted earlier. From 1979 to 1992 a high-
performance elastomer shell was produced by dip coating. This shell, first
used (1979-1981) only for saline inflatables, measured approximately
0.011 or 0.012 inch (0.28-0.30 mm) on average, depending on implant size,
except when used in the textured MSI implants, where it was 0.020 inch,
or 0.50 mm, thick. The fumed silica or silica aerogel content of these
elastomers varied from about 24 to 37%.

In 1981, a 0.010-mm fluorosilicone barrier layer was added to the
interior walls of implant shells filled with silicone gel. The barrier coat
consisted of much the same components as the high-performance elas-
tomer but used methylvinyl-co-trifluoropropylsiloxane instead of vinyl-
terminated poly(dimethylsiloxane) (PDMS). As noted earlier, this barrier
layer was to limit silicone fluid diffusion through the shell by changing
shell solubility characteristics. It also was not as strong as usual elastomer
rubber and so it could not spare elastomer thickness. Thus, the fluoro-
silicone layer added to the shell thickness. This barrier was said to be
more effective than others (Morey and North, 1986) and was also said to
be quite different from other barrier technologies and more effective at
higher (nonphysiologic) temperatures (Caffee, 1992a).

After 1968, all shells were seamless. Seamless shells were prepared by
dipping a form (mandrel) into an elastomer dispersion. After removal
from the mandrel, the hole where the support arm held the mandrel was
patched with a silicone elastomer material. Next, silicone gel was injected
into the shell. For the responsive gel-filled product, the small perforation
left after injection of the gel was sealed with a drop of silicone adhesive
containing methyltriacetoxysilane and ethyltriacetoxysilane as cross-link-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9602.html

IMPLANT CATALOGUE 71

ers and stannous oleate as a catalyst. This adhesive was not used to bond
fixation patches; a different form of elastomer was used for that purpose.

HEYER-SCHULTE-MENTOR IMPLANTS

In 1968, Heyer-Schulte Corporation became the first U.S. manufac-
turer of saline-filled breast implants. These implants had a shell thickness
of 0.016 inch or 0.40 mm. The company was acquired by American Hospi-
tal Supply in 1974 and, after name changes, by Mentor in 1984. In 1968,
Heyer-Schulte manufactured a polyurethane-coated silicone gel prosthe-
sis with an internal Y-shaped baffle called the “Natural Y” prosthesis,
which had previously been marketed by Poly Plastics Silicone Products
(Ashley, 1970, 1972) pursuant to a 1968 patent by the plastic surgeon W.
Pangman. Between 1971 and 1984, Heyer-Schulte introduced various ad-
ditional models of single-lumen gel, inflatable saline, and double-lumen
implants. These were mostly smooth surfaced. However, a polyurethane-
coated adjustable gel-saline model was introduced briefly in 1973 (de-
scribed by Jobe, 1978), and the Capozzi model polyurethane implant,
which had no foam on its upper part in an effort to avoid fixation of the
top of the implant and vertical wrinkling (see Chapter 5), was also avail-
able in the 1970s (Jobe, 1978). Data on shell thickness and gel characteris-
tics were not made available by the company. Dorne reported weight-
average gel molecular weights of 83,500 from a model 2000 (supposedly
mid-1970s) implant, considerably higher than modern Silastic II gels
(about 55,000). Slight differences in nuclear magnetic resonance (NMR)
were detectable among gels from different manufacturers (Dorne et al.,
1995); this was probably related to the firmer early versus the more com-
pliant later gel.

Saline implant shell changes from HTV platinum catalyzed to RTV
tin catalyzed toward the end of this period are noted to have produced
dramatic improvements in abrasion resistance and durability (Gutowski
et al., 1997; Mladick, 1993). Improvements in valves are also cited (see
comments in Cocke, 1994; Gutowski et al., 1997; Lantieri et al., 1997;
Mladick, 1993; and Peters, 1997, concerning the improved series 1600 and
the problematic, leaky series 1800). Becker (1984) reported the develop-
ment of his Mentor permanent expander at about this time and subse-
quently described an attached microreservoir that could be buried subcu-
taneously for long periods (Becker, 1986a).

Mentor continued the gel double-lumen and inflatable saline implant
lines on acquisition of the company in 1984. In 1985, Mentor introduced a
smooth reverse double lumen implant with gel outside and saline inside
(the Becker implant, popular to this day as Siltex for reconstruction;
Becker, 1987a, 1988) and saline expanders (in 1982, Radovan reported he
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had been using a Heyer-Schulte expander presumably for some time). In
1987 and 1989 the Siltex (textured) lines of implants were introduced,
including the Siltex single-lumen gel, and then the Siltex (Becker) tex-
tured reverse double-lumen inflatable and textured saline inflatable im-
plants. Clinically, the Siltex saline implant had a noticeably thicker shell
than the smooth model. Women were said to prefer the smooth model,
despite its higher frequency of contracture, to the often palpable and
visible Siltex model (Burkhardt and Demas, 1994). Barrier shells were
introduced on gel-filled models, presumably in the late 1970s. McGhan
licensed barrier technology to Mentor in 1990 (Z.F. Twardochleb, per-
sonal communication, December 14, 1998).

In 1992, new (post-FDA moratorium) models of Siltex expander—im-
plants and contoured saline implants with various valves were intro-
duced. The elastomer from these models was used for immune adjuvant
studies reported in 1996 (Hill et al., 1996). Presumably, it was improved
over earlier elastomers, but specifics are not available from the company.
Like those of other manufacturers, the Heyer-Schulte and Mentor lines
offer various patch and valve designs. Gel suppliers for these companies
were General Electric from 1970 to 1976, Dow Corning from 1976 to 1992,
and Applied Silicone from 1988 to the present.

POLYURETHANE HISTORY AND MEDICAL ENGINEERING
CORPORATION (SURGITEK) IMPLANTS

The polyurethane Natural Y line was continued by Heyer-Schulte
through 1978. It was then manufactured by Cox-Uphoff International until
1981. In that year, the Aesthetech Corporation was formed and began
manufacturing the device. It was known as the Optimam from 1982 to
1991. The MemeME was introduced as a polyurethane-coated, single-lu-
men gel implant without the Y septum from 1982 to 1985. The Vogue
model with a Y septum was also made from 1982 to 1985 and replaced by
the MemeMP (Moderate Profile) without the Y septum from 1985 to 1991.
The Replicon polyurethane implant without septum was made from 1984
to 1991. These lines were acquired by Cooper Laboratories until Decem-
ber 1988, when the Aesthetech Corporation was merged into the Medical
Engineering Corporation (MEC), which continued to manufacture the
Meme, Replicon, and Optimam implants until sales were suspended in
1991. Elastomer shell thickness reported for Meme was 0.003 inch, or
0.075 mm; for Replicon, 0.009 inch, or 0.23 mm; and for MemeM™ 0.009
inch or 0.23 mm (dates provided by Mentor Corp.; Tobin and Middleton,
1987). These dimensions probably accounted for the changes in rupture
rates of these different models noted earlier. The Microthane polyure-
thane foam used for Aesthetech and MEC (Surgitek) implants was fabri-
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cated from polyester foam supplied by Scotfoam (SIF 100 ppi Z M). The
polyurethane was reported to have been made from an ethylene adipate
triol with a molecular weight of 3,000 and toluene diisocyanate (20% 2,4-
and 5% 2,6-toluenediisocyanate by weight). The molecular interface was
composed mainly of polyester linkages and very few urethane linkages
and was reported to yield very little TDA on enzymatic attack (Delclos et
al., 1996; Szycher and Siciliano, 1991a).

The Medical Engineering Corporation (Surgitek) began distributing
implants in 1971, originally various lines of gel-filled single-lumen im-
plants, to which were added inflatable saline implants and expanders in
1974, double-lumen implants in 1977, and single-lumen gel-saline im-
plants in 1978 (original Perras Papillon and later models). More compliant
shells and gels were introduced in 1972. An unusual gel inflatable was
made in 1973 (Dahl et al., 1974). The corporation was acquired in 1982 by
Bristol Myers Squibb, which added high-profile models in 1982 and SCL
(Strong shell, Cohesive gel, Low bleed) gel implants in 1986. The Natural
Y polyurethane line was acquired by Bristol Myers Squibb in 1988. The
polyurethane models were the only non-smooth-shelled models.

The first shells in 1971 were made of a General Electric (GE) Company
copolymer of silicone and Lexan polycarbonate. Because of its stiffness,
this was replaced by a GE silicone elastomer in 1973. From 1971 to 1976
the gel was GE 6193 MEC 122. From 1976 on, the shells were Dow Corn-
ing elastomer (Q7-2245, Q7-4735, and Q7-4750 at various times with vari-
ous models, and Dow Corning 2213 on polyurethane models in 1981-
1988), with an interior McGhan NuSil phenylsiloxane barrier on the SCL
models. After 1976 the gels were supplied by Dow Corning and were
similar to those used in its implants (Dow Corning Q7-2167/68). Peters
reported that the low-bleed feature (SCL) introduced in 1986 did not seem
to provide lasting protection, at least as determined by capsular and blood
silicon levels (Peters et al., 1996). The company stopped distributing breast
implants in 1991.

INAMED-MCGHAN MEDICAL AND CUI IMPLANTS

McGhan Medical Corporation began marketing breast implants in
1974. The company was merged with Minnesota Mining and Manufactur-
ing Company in 1980 and subsequently acquired by First American in
1985. The company is now wholly owned by Inamed Corporation. Its
implants have been sold in the United States and worldwide under the
McGhan brand name. In 1975 the product line included smooth, single-
lumen saline implants and expanders, single-lumen gel implants and com-
bination gel-saline implants, and the first double-lumen implants
(Hartley, 1976). Except for the single-lumen gel implants, all of these mod-
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els had been updated by 1981. Individually customized inflatable im-
plants for reconstruction after radical mastectomy were reported
(Birnbaum and Olsen, 1978). Reverse double-lumen implants and expand-
ers were added in 1987, including a double-gel model (with gel in both
lumens) in 1991 and a triple-lumen model (with saline in the outer lumen
and two gel lumens) in 1979. New shells were introduced periodically: a
“silica free” (the exact meaning of this term is not clear) low-bleed, outer
layer (Natrashiel) in 1977; a similar low-bleed shell (Natrashiel II) and a
double-layer, increased-strength, decreased-bleed shell (UHP, Ultra High
Performance) in 1978, and a low-bleed model containing two high-perfor-
mance elastomer layers with a dimethyldiphenylsiloxane barrier layer
(Intrashiel) in 1979. Gel-filled, textured and smooth models using this
technology remain available.

A textured (Biocell) shell was announced in 1987 (as described earlier,
Maxwell and Falcone, 1992; Maxwell and Hammond, 1993). The Intrashiel
shell was the subject of an experimental study in rabbits reported in the
medical literature and appeared to control silicone gel fluid diffusion
from implants (Rudolph and Abraham, 1980). New shells were used on
all models (except triple lumen) by 1979. In 1994, after the FDA morato-
rium, additional saline models were introduced. The company now sells
Intrashiel, Biocell and smooth single-lumen gel, and smooth and Biocell
saline models with diaphragm valves. The company’s protocol for evalu-
ation leading up to an application for premarket approval includes also a
standard double lumen and a triple lumen with a gel cone within the
combination gel-saline design. The company’s saline tissue expander with
a MagnaSite injection site, introduced in 1984, continues on the market in
smooth and Biospan textured form; smooth and textured tissue expand-
ers without the MagnaSite injection site are also available. Because the
expander with the MagnaSite injection site has a magnetic locator, MRI is
contraindicated in patients with these devices.

Some details of the specifications of shells and gels are considered
proprietary by the company. However, measurements may be available
from other sources (e.g., Intrashiel shell thickness measured 0.005-0.014
inch, 0.13-0.35 mm, in 1985; Morey and North, 1986), and other details
were disclosed for this report by the company in a redacted report of
confidential business information (gel implants only) that had been pro-
vided to the Independent Review Group (IRG, 1998). Shells were reported
in 1994 to consist of multiple layers of modified PDMS incorporating
vinyl substituents and/or modified PDMS incorporating phenyl or tri-
fluoropropyl and vinyl substituents, the phenyl- (style 40) and trifluoro-
propyl- (style 246) modified silicones being the barrier layers. Treated
amorphous silica is included in the shell formulation. Platinum catalysts
are used, and solvents in which the shell components are dispersed dur-
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ing manufacture include trichloroethane or xylene (removed after dip
casting). Also, in 1994 it was reported that the basic cure for the shell and
silicone gel involves the reaction of a linear PDMS containing vinyl sub-
stituents with a linear, PDMS-containing silicon-hydrogen bonds cata-
lyzed by classical platinum catalysts. Patch and injection port materials
are cured using a peroxide catalyst that decomposes with the heat of the
vulcanization step. The gel contains only PDMS polymers, a significant
proportion of which are not bound but are entangled in the cross-linked
polymer network. Approximately 2-8% of the shell and 50% of the gel by
weight are extractable by hexane, slightly more by dichloromethane. Hex-
ane extracts of shell and gel contain low concentrations of cyclic PDMS
(about 520 ug/g, D,-D;, of which 38-99 ug /g is D, in gel and shell respec-
tively, i.e., somewhat less than the Dow Corning extracts [0.05%] noted
earlier) and linear PDMS along with trace amounts of solvents. Prelimi-
nary data suggest that the barrier shells reduce gel fluid diffusion by at
least an order of magnitude compared with a McGhan nonbarrier shell
(Eschbach and Schulz, 1994—redacted).

Silicone gel suppliers to McGhan Medical were General Electric 1975-
1976, Dow Corning 1976, McGhan 1977-1984, McGhan Nusil 1984-1992,
and thereafter NuSil Technology. Although undoubtedly a generic (see
Dow Corning above) rather than a specific silicone gel property, a NuSil
gel was reported to have adjuvant and other immune properties (Naim et
al., 1993, 1995a,b). This and another gel from McGhan implants and one
Dow Corning gel were later compared for strength of adjuvancy by a
similar test procedure, which presumably does not reflect what happens
in women with implants. Gels with greater emulsifying ability proved
stronger adjuvants. This is an indication of the different characteristics of
gels that can have biological implications, although it is not clear what
relationship it bears to the in vivo situation in women with implants and
thus what, if any, clinical significance this particular effect might have
(Naim et al., 1997; see also Chapter 6 of this report).

Cox Uphoff International (CUI) began marketing implants in 1976,
introducing smooth single-lumen gel (1976-1991), double-lumen (1977-
1991), reverse double-lumen (1982-1993), triple-lumen (1983-1988), gel-
saline adjustable (1987-1991), various tissue expanders including a per-
manent gel/saline model (Gibney, 1989) (1976—present), smooth dimethyl
saline (1977-1991) and RTV smooth (1991-1994) and RTV textured
(Microcell) (1992-1994) saline models. In 1980 and 1981, the Cavon sili-
cone implant was made by Cox Uphoff (and later, in 1981-1985, by
Aesthetech). By 1984, a DRIE (diffusion rate inhibiting envelope) low-
bleed shell was introduced. Silicone gel suppliers to Cox Uphoff were
Dow Corning (1976-1983), International Silicone (1981-1984), McGhan
NuSil (1987-1991), Admiral Materials (1985-1989), Polymer Technologies
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(1989-1990), and Applied Silicone (1990). The company was acquired by
Inamed Corporation in 1989. Details on specifications of gels and shells
are considered proprietary by Inamed.

BIOPLASTY AND OTHER MANUFACTURERS

After acquiring Roger Klein Mammatech in 1987 (R.A. Ersek, per-
sonal communication, March 19, 1998), R.A. Ersek, a plastic surgeon, be-
gan the Bioplasty line in 1988. The line originally consisted of MISTI
(Molecular Impact Surface Textured Implant) textured single-lumen gel
and double-lumen models, which were developed in 1987 and introduced
in 1988. MISTI GOLD textured single-lumen polyvinylpyrrolidone (PVP,
known as bio-oncotic gel) implants were introduced in late 1990 under
FDA 510k provisions, followed by single-lumen PVP and saline MISTI
GOLD and MISTI GOLD II textured PVP and saline prefilled and inflat-
able implants in 1991. Gel suppliers were Dow Corning (1987-1988), Ad-
miral Materials (1987-1988), and Applied Silicone (1988-1992). The PVP
used was low molecular weight (average molecular weight = 13,700;
Beisang and Geise, 1991). Higher molecular weight PVP was used in more
than 500,000 cases during World War II as a plasma expander (Bischoff,
1972). PVP was said to have much greater lubricating properties for the
silicone shell, thereby decreasing friction and fold flaws; to diffuse rap-
idly from tissues; and to be quickly eliminated by the kidney, thus elimi-
nating residuals or granulomas after implant rupture. These implants
also had textured shells to reduce contractures and were reported to be
radiolucent enough not to block mammographic visualization (Ersek and
Salisbury, 1997; Ersek et al., 1993), although they were less radiolucent
than triglyceride (peanut oil) filler and tended to degrade when subjected
to irradiation (Klein and Kuske, 1993). Bioplasty entered bankruptcy in
1992, and its assets were purchased by NovaMed in Germany, which
plans to reintroduce the slightly thicker polyvinylpyrrolidone lines to the
U.S. market as Nova Gold (R.A. Ersek, personal communication, April 6,
1998). At present, NovaMed has begun domestic operations as a small
company in Minnesota with plans to begin sales with saline implants
first. The company has a marketing alliance with McGhan Medical Cor-
poration (Z.F. Twardochleb, McGhan Medical Corporation, personal com-
munication, 1999).

A number of foreign manufacturers distributed implants in the United
States. The first saline implants and inflatables by Simaplast (France) were
distributed as Roger Klein Mammatech (1968-1978, although some say
earlier—[1965]; R.A. Ersek, personal communication, June 10, 1998).
Smooth single-lumen gel, saline inflatable, double-lumen, and some poly-
urethane-coated implants were introduced in 1987 by Laboratoires Sebbin
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(Unimed, Omega label). Koken (Japan), also known as Porex, presumably
distributed gel implants with very fluid, compliant gel in the 1980s. Other
companies include Unimed (Germany), PMT (Progress Mankind Tech-
nology, Germany—Integra label), Polytech (Germany, associated with
Brazilian Silimed—Opticon, Mesmo, Vogue labels), Nagor (Britain),
Eurosilicone (France, acquired by Polytech), and Silicone Medicale Paris
(France) (Middleton, 1998a). Currently some foreign manufacturers con-
tinue to have small minority positions marketing saline implants under
510(k) provisions in the U.S. breast implant market—Hutchinson Interna-
tional, Inc., representing Biosil, a British company, Poly Implant Prosthe-
ses, S.A. (PIP), a French company and Silimed, a Brazilian company. Little
information is available about their products in the medical or other lit-
erature, and neither Biosil nor PIP responded to requests for information
for this report (E. March, Medical Devices, personal communication, July
22,1998).

CONCLUSION

The universe of implants is large, and the variation among them is
substantial. In women being studied, it is often difficult to know what
implants might be in place and what their characteristics might be. Com-
panies apparently made implants for a number of plastic surgeons and
often introduced designs conceived (and patented) by individual sur-
geons, presumably without further testing. The business was competi-
tive, and companies introduced changes such as softer gels; barrier low-
bleed (low-diffusion) shells; greater or lesser shell thickness and durability
to reduce rupture and leaking and/or to enhance softness; texturing to
reduce contracture; and various sizes, contours, shapes, and multiple lu-
mens in the search for better aesthetics. These changes were introduced at
somewhat different times and usually affected some but not all of a
company’s products. It was not possible to locate much in the way of
clinical pretesting of these changes, some of which had unintended conse-
quences. In fairness, it should be noted that testing was not required by
the FDA until recently. In general, early implants were thick shelled and
contained firm gel. More compliant gels were introduced between 1972
and 1975 by various companies, although the gels were primarily General
Electric (departed the medical marketplace in 1976) and Dow Corning.
Thinner elastomer rubber shells entered the market from 1972 to 1977,
depending on the manufacturer. Various high-performance shells were
marketed between 1978 and 1986. It is not clear what chemical changes
made these shells high performance, although the performance referred
to was greater resistance to tearing. Barrier coating, low silicone gel fluid
diffusion features were added on various lines between about 1977 and
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1986, and texturing was added in 1987 and 1988 (except for polyurethane
coating, which was available from around 1970). The dates indicating
market entry of significant new general characteristics could be helpful in
considering clinical reports that do not describe implant types and speci-
fications.

It is tempting to assume, as informal comments from some company
officials and some comparative analyses imply, that implants of compa-
nies using Dow Corning or General Electric silicone gel and elastomer
rubbers were made with chemical compounds and characteristics that
were quite similar (Thompson et al., 1979). Clearly, gels changed over
time and differed somewhat among different manufacturers who entered
and left the market at various times. Thus, women were undoubtedly
exposed to varying concentrations of the different molecular types and
molecular weights or viscosities of silicone, but there were also surely
many similarities among products from the same or very few basic manu-
facturers. This is the assumption that appears to underlie one recent analy-
sis of soft-tissue responses to “approximately fourteen” precursor compo-
nents of breast implants (Picha and Goldstein, 1991). With respect to
elastomers, they were identified only 45% of the time in the series of up to
50 reports reviewed by Foliart (1997).

In general, it can be concluded that there have been at least three
“eras” (referred to as generations by others, as noted later in this report)
and a number of lesser variations in breast implant manufacture. In the
first era, dominated by Dow Corning, there were thick-shell, thick-gel,
patched, smooth-surfaced implants with low rupture rates, high contrac-
ture, and probably moderate to high gel fluid diffusion rates; in the sec-
ond era, thin-shell, compliant gel, smooth-surfaced gel and HTV saline
implants with high rupture and deflation rates, high contracture, and
high gel fluid diffusion rates; and in the third era, stronger-shell, barrier-
layer, compliant gel, textured gel- and saline-filled and stronger RTV
saline implants with as-yet incomplete data, but presumably lower rup-
ture and deflation rates (although not enough time has elapsed to predict
this with confidence), lower gel diffusion rates, and lower contracture
rates. This latter era may continue to the present or may have given way
to a fourth era with changes resulting from the FDA moratorium on gel
implants, the predominance of saline implants from the two remaining
manufacturers, and the requirements for study protocols. In any event,
differences in local and perioperative complications caused by these im-
plants from different eras clearly have implications for the safety of sili-
cone breast implants as described further in Chapter 5. It seems reason-
able to conclude that both the physical and the chemical characteristics of
implants should be spelled out clearly in product changes, introductions,
and investigations because they may influence patient reactions and pa-
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tient health. Moreover, as noted in Chapter 5, it would be desirable to
accumulate information on the safety, complications, and health effects of
a stable group of implants and not make changes until the safety, compli-
cations, and health implications of these changes are known.
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Silicone Toxicology

SCOPE AND CRITERIA FOR THE TOXICOLOGY REVIEW

This chapter reviews studies of the toxicology of silicone compounds
carried out over the past 50 years. It does not review immunological
studies, except occasionally when immune system toxicology is part of a
report covering other toxicology. Otherwise, immunological studies are
discussed in Chapter 6. Silicone compounds include a great many chemi-
cal entities; a recent compilation lists toxicological data on 56 different
siloxanes (Silicones Environmental Health and Safety Council, 1995). This
chapter identifies silicone compounds as they are listed in individual
reports, but it is organized by route of exposure not by type of compound.
Silicone fluids, gels, and elastomers are covered since they are compo-
nents of silicone breast implants.

Although the most relevant exposures are reviewed, that is, tissue
injections and subcutaneous implants, the committee, unlike other recent
reviews (Kerkvliet, 1998) also decided to include other (nonimplantation)
exposure routes, such as dermal, oral, and inhalation, since data from
such studies may provide some insights into systemic silicone toxicology.
The committee included citations on the toxicology of silica in the refer-
ence list of this report, because there has been considerable mention of
silica as a component of breast implant elastomers. However, the toxicol-
ogy of silica is not reviewed here because the committee found no valid
scientific evidence for the presence of or exposure to silica in tissues of
women with breast implants. Some compounds not found in breast im-
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plants (and identified as such) are included briefly, sometimes to com-
plete a survey of silicone species and other times because they have been
mentioned in the current debate on the toxic effects of implants. It is
important to note that toxicology studies often report silicone dose levels
substantially in excess of any doses that could be achieved on a relative
weight basis in women with silicone breast implants.

Earlier in this report, the committee emphasizes the relevance of pub-
lished, peer-reviewed scientific reports and assigns secondary importance
to technical reports from industry. In this chapter, however, studies done
in-house by industry or by commercial testing laboratories have been
analyzed. Such reports are often reviewed first in-house, then by the spon-
sor and panels of outside experts, and eventually by a regulatory agency,
which also looks at original data. The conflict of interest inherent in ex-
perimentation by an organization with an economic interest in the out-
come is recognized. Nevertheless, the committee found many of indus-
try’s technical studies informative, useful, and consistent with sound
science. The studies cited here consisted of about 50 individual articles
from the open scientific literature between 1948 and 1999 and about the
same number of industry technical reports. Reviews available to the com-
mittee summarized data from some reports not reviewed by or not avail-
able to the committee. For example, the Silicones Environmental Health
and Safety Council (1995) examined may reports on various organic sili-
con compounds that are not found in breast implants and reviewed some
reports not accessible to the committee. This review was useful in pre-
senting an overall picture of the generally low toxicity of silicones and
identifying particular compounds that had toxicity. The report of the In-
dependent Review Group (IRG, 1998) (and earlier versions of the Medical
Devices Agency’s work), and the report of the National Science Panel
(Kerkvliet, 1998) which are described in Appendix C looked at essentially
the same body of toxicology information as the committee. The IRG re-
port included proprietary data not available to the committee, and as
noted, the committee examined routes of exposure and listed silica refer-
ences neither of which are included in the IRG or National Science Panel
reports. Since the IRG, which had some proprietary data, concluded that
silicones were bland substances with little toxicity, such data seem un-
likely to have changed the committee’s findings in any substantial way.
Also, the committee believes that the inclusion of dermal, oral and inhala-
tion toxicology studies in this report provided additional security in con-
clusions about the biological and toxicological behavior of relevant sili-
cones.

Kerkvliet lists three major reasons why toxicology studies are helpful
in assessing the safety of a drug or consumer product such as silicone
breast implants. (1) Toxicology studies in animals may identify a haz-
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ard—that is, whether a given product can cause adverse health effects. (2)
Studies may also clarify dose responses—that is, how much of an entity is
necessary to produce effects. (3) Studies may provide mechanistic infor-
mation—that is, how and under what circumstances an agent produces
effects (Kerkvliet, 1998). Such studies, reviewed here, will not “fulfill the
manufacturers’ responsibility to demonstrate the safety of . . . implants”
as Kessler urged in 1992 (Angell, 1995), since unanticipated events cannot
be predicted or complete safety proven. Accumulating qualitative and
quantitative data on the general toxicity of silicones, however, allow a
reasonable degree of confidence that silicone compounds in breast im-
plants are not hazardous.

BRIEF HISTORY OF SILICONE TOXICOLOGY

The principles of safety evaluation have not changed much over the
past 50 years. However, analytical tools, the ability to measure chemicals
in the body, and the science of molecular biology, which allows associa-
tion of complex changes in a few cells or molecules with various disease
states, have advanced considerably. These advances affect evaluations of
the toxicology of silicones over time and are reflected in more recent
studies.

One of the first (if not the first) systematic evaluations of the toxicol-
ogy of commercial silicones was conducted during World War II at the
Dow Chemical Company. Silicone intermediates (chlorosilanes and eth-
oxysilanes) and selected commercial silicones were tested in rats, rabbits,
and guinea pigs. The chlorosilanes and some ethoxysilanes were found to
be highly corrosive; they represented significant industrial handling haz-
ards. Methyl- and mixed methyl- and phenylpolysiloxanes, on the other
hand, had very low toxicity. For practical purposes, they were divided
into three groups: fluids, compounds, and resins. Five methylpolysiloxane
and two methylphenylpolysiloxane fluids were tested (hexamethyl-
disiloxane, 0.35 centistoke [cS]; dodecamethylpentasiloxane, 2 cS; DC 200
fluid, 50 ¢S; DC 550 fluid, 550 ¢S; DC 702 fluid, 35 cS; DC 200 fluid, 350 cS;
and DC 200 fluid, 12,500 cS). None of these killed rats or guinea pigs
when given orally at doses up to 30 ml/kg. Some of the fluids had laxa-
tive effects not unlike mineral oil. DC 200 fluid (50 cS) “seemed literally to
flow through the animals.” The fluid with the lowest viscosity (hexa-
methyldisiloxane, 0.65 c¢S) did not have a laxative effect, but produced
some mild inebriation and subsequent central nervous system depres-
sion. This suggests that there might be some absorption of this compound
from the gastrointestinal tract. Repeated administration of DC 200 oil (350
cS) by stomach tube, up to dose levels of 20 g/kg, did not produce gross
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signs of toxicity such as reduced weight gain, changes in organ weight, or
organ pathology.

Intraperitoneal injection was well tolerated, except for hexamethyl-
disiloxane, which produced extensive adhesions within the peritoneal
cavity. This compound also produced inflammation and necrosis at the
sites of subcutaneous and intradermal injections and proved lethal on
repeated intraperitoneal injections. Other silicone fluids in the peritoneal
cavity elicited only reactions “typical . . . of an irritating foreign body”
with nodules containing the fluid in the omentum and visceral perito-
neum. Eye irritation was transitory and no skin irritation was observed
with these fluids (Rowe et al., 1948).

Shortly after the report by Rowe et al., Kern et al. (1949) reported their
results from feeding rats 0.05%—-0.2% silicone-containing diets (a poly-
dimethylsiloxane [PDMS], G.E. Dri-Film, No. 9977) and injecting silicone
suspensions at unknown (but probably low) doses, intraperitoneally and
intravenously in mice, and intra- and subcutaneously and in the muscles
of rabbits. Hematological and gross and microscopic pathology examina-
tions after 13 weeks were all normal, and the animals had no loss in body
weight or other signs of toxicity (Kern et al., 1949).

Two silicone compounds (DC 4 Ignition sealing compound and DC
Antifoam A) were examined. Both agents caused transient conjunctival
irritation, but no corneal damage when introduced directly into the eyes.
No skin irritation was seen. Feeding of Antifoam A at concentrations up
to 1% to rats did not produce any untoward effects. In a six-month feed-
ing study in dogs, Antifoam A also exhibited no toxicity (Child et al.,
1951). Three types of silicone resins (DC 2102, a methylpolysiloxane, DC
993, a methylphenylpolysiloxane; and DC Pan Glaze, which was similar
to DC 993) were evaluated. Acute oral administration of up to 3 g/kg in
guinea pigs was not toxic (higher doses could not be administered), and
intraperitoneal injection in rats or dermal application in rabbits produced
no signs of irritation. Rats fed Pan Glaze at concentrations up to 3% for 50
days gained weight normally, and on microscopic examination, their or-
gans did not show any signs of toxicity (Rowe et al., 1948, 1950).

The studies described by Rowe et al. (1948) reflect state-of-the-art
toxicity testing at that time. They were done in a respected laboratory by
competent toxicologists. The untoward effects observed with some com-
pounds did not alarm toxicologists. These effects were found only after
exposure to high doses of the test agent. According to an old classifica-
tion, substances with a probable human lethal dose in excess of 15 g/kg
were considered practically nontoxic (Casarett, 1975). These investigators
commented that “for the past few years, an attempt has been made to
keep pace with the rapid development of these products so that toxico-
logical information would be available upon which the health hazards of

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9602.html

84 SAFETY OF SILICONE BREAST IMPLANTS

these materials could be evaluated.” Only a few selected samples from
each class of compounds were studied, but the experimental toxicology of
silicone compounds did not yield data that suggested a need for funda-
mental, mechanistically oriented experimentation.

When these and some other early studies were reviewed in 1950,
silicone fluids with a viscosity of 350 ¢S were described as having exceed-
ingly low toxicity. Some animal toxicity tests, such as oral and subcutane-
ous administration and eye irritation, were even performed on one of the
authors of this study (Barondes et al., 1950). By then-current standards of
toxicology, silicone fluids had to be considered harmless, devoid of any
obvious acute toxic potential, and thus presumably safe.

THE CURRENT DATABASE

A recent review of silicone toxicology summarized a substantial data-
base (Silicones Environmental Health and Safety Council, 1995). This
document does not list any references which makes it impossible to deter-
mine whether the data were published or to discover when the studies
were done. It is not possible, therefore, to evaluate adherence to modern
good laboratory practice regulations, protocols, and procedural require-
ments. Carcinogenesis studies done before the mid-1970s had different
protocols and procedural requirements than later studies and, by today’s
standards, must be considered less reliable. This may apply to other test
systems as well. The Silicones Council review analyzed a total of 629
studies (see Table 4-1), more than half of them done with PDMS linears
(Chemical Abstracts Service [CAS] No. 63148-62-9). Compounds that are
of concern because a large number of people are exposed to them and
because they are found in breast implants, that is, D, and D (where D,
and D represent cyclic tetramer and pentamer, respectively), comprise
17% of studies. There are few chronic lifetime or carcinogenesis studies
(less than 3%) and immunological studies (less than 5%). Acute and sub-
acute toxicity and irritation studies are in the majority (57%). Some of the
Silicones Council studies summarized briefly in this current database may
also be reviewed subsequently in other parts of this chapter. As noted,
this material presents an overall picture of silicone toxicity based on a
general review of many data sources covering a wide variety of com-
pounds. Specific studies on breast implant compounds are relied on by
the committee for conclusions relevant to the safety of silicone breast
implants, however.
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RESULTS OF STUDIES IN FOUR MAIN GROUPS
Group I

A: Dimethylsiloxanes

A total of 123 reports on cyclic polydimethlsiloxanes (D,, D,, D;, and
D,) were reviewed. These compounds are volatile and potentially of con-
cern in manufacturing; however, they also are used in consumer prod-
ucts, such as hair sprays, and are found in breast implants, although in
very low amounts (see Chapter 3). They are practically nontoxic on inges-
tion, dermal application, or inhalation, although they are mildly irritating
when placed directly on the skin or in the eyes. Subacute gavage studies
showed that these compounds had no untoward effect other than a re-
versible increase in liver weight due to increases in both cell number and
cell size at doses ranging up to 2,000 mg/kg. Skin application did not
cause toxicity; however, some D; penetrates the skin. No signs of toxicity
were observed in subacute and chronic inhalation studies, except the de-
velopment of hepatomegaly in some animal species, which was reversible
on cessation of exposure. No evidence for carcinogenicity was found.
Bacterial and mammalian mutagenicity studies were generally negative.
Developmental and reproductive studies failed to show teratogenic ef-
fects or effects on fertility, except when exposure conditions were high
enough to cause maternal toxicity in a rabbit study with D,.
Immunotoxicity was studied following intraperitoneal, intramuscular,
subcutaneous, and dermal exposure. D, had a substantial adjuvant effect
for humoral but not cell-mediated immune reactions when injected sub-
cutaneously. Pharmacokinetic studies showed that these compounds are
absorbed following oral administration or inhalation, but that skin pen-
etration is very poor. Most of the compounds were excreted in the urine
following intravenous administration.

B: Linear Dimethylsiloxanes

Fifty one reports on L,, L,, and L, (where L = linear polymer) were
reviewed. Linear polymers of this size are unlikely to be found in breast
implants (Kala et al., 1998; reference not found in the original but added
for this report, see Chapter 2). Systemic toxicity after oral, dermal, or
inhalation exposure is low. However, linear siloxanes appear to have
significant potential for dermal irritation in animals and humans. An in
vitro study with human cells suggested that the materials are biocompat-
ible. Evidence for modulation of immune function was obtained in some
tests, although the biological significance of these findings was ques-
tioned.
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TABLE 4-1 Summary of Toxicity Studies

Subacute or

CAS No. Group Acute Subchronic Chronic Irritation
541-05-9 Dy 1A 3 3 2

556-67-2 D,* IA 8 15 11
541-02-6 Dg 1A 9 12 12
541-02-6 1A 1 1
540-97-6 Dy 1A 2 1

Mixture?

107-46-0 1B 21 6

107-51-7 1B 1

141-62-8 1B 1 2 2

Mixture

141-63-9 1C 2 3
677-62-90-7 1C 1

69430-24-6 1C 1

68037-74-1 1C 1 1

70131-67-84 1C 11 1 3

63148-62-97 1C 52 45 9 88
2554-06-5 IT 2

546-56-5 11 1

2374-14-3 II 9 6

68037-59-2 I 2

67762-94-1 11 1
680-83-14-7 111 3

Mixture

999-97-3 v 11

2627-95-4 v 8 1

Others

Total? 149 95 16 116

Denotes human data are available. ’Sum of all studies: 629.

C: Polydimethylsiloxanes

A total of 516 reports on L, L, L,, Ly, Ly5, Ly, D, Dg, Dy, Dy, D,
(cyclosiloxanes, dimethyl(cyclopolydimethylsiloxanes), DMPS (dimethyl-
monomethylpolysiloxanes, dimethylpolysiloxanes), DMSS (dimethylsili-
cones and siloxanes, reaction products with silica), SSHS (siloxanes and
silicones, dimethyl hydroxy-terminated), PDMS, and L, (linears) were
reviewed. The database on the toxicity of these compounds is extensive.
Acute exposure by different routes showed only minimal toxicity. The
compounds have minimal potential for skin irritation. Subchronic studies
involving oral administration of the agents did not reveal any systemic
toxicity. On prolonged dermal application, sometimes under occlusion,
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Developmental, Pharmaco- Cytotoxicity,  Bio-
Reproductive kinetic Immunological Mutagenicity ~ compatibility
3
5 12 3 9
2 1 6 1
1
1 1 3
1 8 3
2 1
1 2
1
2 1 1 1
2 5 1
66 19 19 41 5
1 1
3
7
1 2
1
2
1
1
3
75 39 30 93 16

some edema and scarring are observed, but no systemic toxicity. Implants
of these materials under the skin usually produce granulomatous inflam-
matory changes and fibrosis. Subcutaneous implantation of PDMS gels in
rats produced local sarcomas, such as are commonly seen in rats im-
planted with inert foreign bodies (solid-state carcinogenesis). An oral car-
cinogenicity study failed to produce any positive data. Multiple tests
found a lack of genotoxicity. Tests for reproductive toxicity following oral
or dermal exposure failed to show any clearly positive results. On occa-
sion a small increase in fetal abnormalities was found, although the agents
are not considered teratogenic.

In 29 of 35 studies, no effects on the male gonads were found. The
summary document, without providing references however, mentions
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that some PDMS fluids given by gavage at 3.3 ml/kg for six days were
associated with reduced seminal vesicle weights, whereas others, given
for up to 20 days at similar doses, had no such effects. Spermatogenic
depression was found in two of ten rabbits treated with 2 ml/kg PDMS
for 20 days. Dermal application of 2 ml/kg for 28 days decreased testicu-
lar weight. In the case of one PDMS fluid (not characterized), a no-observ-
able-adverse-effect level (NOAEL) of 50 mg/kg per day for a 28-day ex-
posure was established. All of these dose levels are orders of magnitude
greater that could be achieved in women with breast implants on a milli-
liter- or milligram-per-kilogram body weight basis. No immunotoxic po-
tential was identified, although in some studies, adjuvant activity was
noted with an increase in humoral but not cell-mediated immunity. The
results were not seen with any consistency, and studies were often of
poor quality. The absence of virtually any toxicity following acute expo-
sure by oral and dermal routes was confirmed in human volunteers.

Group II—Non-Dimethyl Siloxanes

Thirty reports were reviewed. The acute oral LD, (mean lethal dose)
of these compounds is influenced by solvent effects. Reproductive studies
indicated some adverse effects on the male reproductive tract. In addi-
tion, the agents produced severe ulceration and necrosis of rabbit skin
during the 21-day treatment. Significant histopathological changes in rab-
bit liver and kidney were seen after four days’ treatment at 3.3 mg/kg. No
genotoxicity was observed. Agents in Group II are polymer precursors,
and no exposure is anticipated outside manufacturing sites. The commit-
tee found no evidence that these compounds are in breast implants.

Group III—Other Siloxane Polymers and Copolymers, DHPS,
DMMVS (siloxanes and silicones, dimethyl, methylvinyl), and
DMDS (siloxanes and silicones, diphenyl)

Ten reports were reviewed. The studied compounds are reactive, and
they cross-link easily. Use of the toxicity of starting materials is not appro-
priate in judging the toxicity of cured cross-link products. There appears
to be limited industrial exposure and no exposure of the general public.
Acute toxicity, irritation, and sensitization are minimal. These compounds
are not known to occur in silicone breast implants.

Group IV—Other Materials

Forty-four reports were reviewed. Toxicity following oral exposure is
low, and for inhalation a one-hour LC;, (50% lethal concentration) be-
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tween 23 and 111 mg/ml was measured. The lowest-observable-adverse-
effect level (LOAEL) for lung hemorrhage was 5.6 mg/1. Tetramethyl-
divinyldisiloxane was severely irritating to the skin under occlusive con-
ditions. No evidence for genotoxicity or immunotoxicity was reported.
These compounds are not known to occur in silicone breast implants.

TOXICOLOGY OF SUBCUTANEOUSLY IMPLANTED OR
INJECTED SILICONES

Acute and Subchronic Studies with Silicone Fluids and Gels

Early toxicological experiments were designed to evaluate the effects
of silicone liquids and solids implanted under the skin of experimental
animals. Such experiments mimic silicone breast implants in many ways,
although there are some important differences. Silicone breast implants
are more complex. They may have varied surfaces, including coating with
polyurethane. They may also contain many different chemical species,
including potentially toxic compounds such as platinum. On the other
hand, in many of these studies, actual gel and elastomer components of
breast implants were tested.

In one early study, medical series 360 Dow Corning PDMS fluid, 350
¢S, was injected in massive (up to 540 ml over 27 weeks) doses subcutane-
ously in rats and guinea pigs. There was very little or no local inflamma-
tion. The injected fluid became encapsulated by thin, transparent connec-
tive tissue in multiloculated cysts. No systemic toxicity was observed.
However, it was not clear whether the material was eventually absorbed,
redistributed within the body of the animals, or excreted (Ballantyne et
al., 1965). To further elucidate this point, mice were injected subcutane-
ously or intraperitoneally with 1 ml of Dow Corning 360 silicone fluid,
350 ¢S, followed by intravenous carbon particles to induce reticuloendo-
thelial blockade. Silicone was found in macrophages in regional lymph
nodes in all animals and in macrophages in the adrenal in some intraperi-
toneally injected animals. Unlike the previous high-dose experiment, all
other organs were normal (Ben-Hur et al., 1967). A high-dose exposure in
man, multiple massive subcutaneous injections of silicone (1 liter at a
time), eventually led to diffuse tissue distribution of the material in vari-
ous organs (primarily the lungs) of this patient who succumbed to adult
respiratory distress syndrome (Coulaud et al., 1983).

In mice as in rats, subcutaneous injection of 5 ml of Dow Corning 360
medical fluids did not produce any untoward effects (Andrews, 1966).
The same author reported the case of an 18-year-old woman injected
subcutaneously twice with 20 ml of 360 fluid. In examining a blood smear,
neutrophils and mononuclear cells containing clear vacuoles were seen,
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which presumably contained silicone. The smear, however, was taken
from an incised injection site where leukocytes had direct access to a
silicone deposit, and this finding could not be confirmed by Hawthorne et
al. (1970), who examined white cells from rats with high silicone expo-
sures (see below). Nedelman (1968) injected various room temperature
vulcanized (RTV) medical-grade Silastics mixed with Dow Corning 360
fluid and stannous octoate catalyst subcutaneously in the back of ham-
sters and supraperiostally in the jaw and palate of rabbits in doses of 0.5-
2.0 ml and followed them for one week to three months. He reported that
the Silastic was well tolerated and elicited only a mild connective tissue
response. In another study in mice, Rees et al. (1967) observed a redistri-
bution of silicone fluid within the body when injected in 1-ml amounts
intraperitoneally or in larger amounts subcutaneously (6 ml in a single
dose, 1 ml in repeated doses). Deaths occurred when the mice received
more than 7 ml of PDMS by subcutaneous injection, an amount corre-
sponding to about 280 ml/kg or about 14 liters in an average woman.
Macrophages, presumably containing silicone, accumulated in multiple
organs, including adrenal, lymph nodes, liver, kidney, spleen, ovaries,
pancreas, and others (Rees et al., 1967). Whether the wider distribution of
silicone injected at high doses results from access to, and distribution by,
the circulatory system is unknown. The study by Rees et al. prompted
Autian (1975a) to warn against the injection of silicone fluid in humans.
He was also influenced by the local complications of silicone injection in
women, which were well known by that time. Ashley et al. (1971) briefly
reported injecting Dow Corning MDX 40411 in amounts ranging from 1
to 500 ml into mice, rats, guinea pigs, rabbits, and monkeys, with the
formation of thin capsules, very little tissue reaction, and no systemic
effects. This 350-cS fluid was also injected in small (4 ml) amounts into
patients for cosmetic effect without complications. Very few data were
reported, and the follow-up of the patients was three months on average
(Ashley et al., 1971). Cutler et al. (1974) observed no ill effects on mice of
PDMS fluid similar to Antifoam A mixed with 6% amorphous silica in-
jected subcutaneously (0.2 ml) or fed at 0.25 and 2.5% from weaning for 76
weeks. Distribution to liver, spleen, kidneys, and perirenal fat was not
detected.

In a more recent study, Dow Corning silicone 360 fluid and gel (1 ml
per mouse), and elastomer and polyurethane (0.6-cm-diameter disks)
were placed subcutaneously in B6C3 Fl mice (Bradley et al., 1994a,b).
Animals were examined first over a 10-day period, then for 180 days.
Silicone implantation did not affect any of the selected toxicological end-
points, including survival, weight gain, body and organ weights, hema-
tology, serum chemistry, and bone marrow cytology. No effects on hu-
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moral immunity or cell-mediated immunity were found, and host resis-
tance in two bacterial models was not altered.

Although, on occasion, widespread tissue distribution with poten-
tially toxic or even fatal outcomes is seen when very large doses of sili-
cone fluid are deposited subcutaneously or intraperitoneally (1 liter or
more in humans, 7 ml in mice), quite substantial amounts are usually well
tolerated. A subcutaneous injection in rodents (and most other animal
species) is not directly comparable to a subcutaneous injection in humans
however, because in most animals a large potential space is provided
between mobile skin and underlying muscular fascia that can accommo-
date a substantial amount of fluid. In humans, silicone, if injected in large
amounts, may be forced into the circulation and thus to distant organs, as
suggested in the cases mentioned earlier (Andrews, 1966; Coulaud et al.,
1983).

Silicones are present in medical devices and instruments (e.g., coat-
ings for tubing and syringes). This has prompted some investigators to
inject silicones intravenously, intraperitoneally, or even into the subdural
space of the lumbar spinal cord. Intravenous or intracardiac injection of 2
ml of PDMS in dogs did not produce any changes in clotting time, hemo-
globin concentration, or plasma surface tension. No changes in electrocar-
diograms or electroencephalograms were noted (Fitzgerald and Malette,
1961). These authors cited others who had injected larger doses intra-
arterially or intravenously causing embolisms in various organs. Intra-
peritoneal injections of Dow Corning MD 44011, a silicone fluid that was
actually injected in women for breast augmentation (see Chapter 1), at
doses up to 62 ml in 60 rats were tolerated without any apparent adverse
effects for up to one year (Hawthorne et al., 1970). Intraperitoneal injec-
tions of up to 3 ml of PDMS in mice resulted in a reduction of cell size in
abdominal and pericardial fat tissue. In addition, in many abdominal
organs such as adrenal, liver, kidney, spleen, pancreas, ovary, and lymph
nodes, focal silicone-containing macrophage infiltrates were seen (Rees et
al., 1967). Migrating silicone could produce granulomas on the surface of
organs (Brody and Frey, 1968). In the course of investigating adjuvant
effects, Lake and Radonovich (1975) reported that intraperitoneally in-
jected low molecular weight silicones (L,, L,, D,, L;) caused a transient (48
hour) increase in interferon production and a reduction in colloidal car-
bon clearance by macrophages of the reticuloendothelial system in mice.
Higher molecular weight silicones did not have these effects.

PDMS lubricant used in disposable syringes was injected into the
lumbar subdural space in rabbits (0.3 ml) and monkeys (0.5 ml) and into
the cisterna magna of rats (0.1 ml). No signs of neurotoxicity or histo-
pathological alterations attributable to the silicone injections were ob-
served. All of the radiolabeled silicone injected intracisternally remained
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in the brain, spinal cord, and vertebral column (Hine et al., 1969).
Chantelau et al. (1986) calculated that 0.15-0.25 mg silicone lubricant
might be lost from an insulin syringe with each use, or about 200 mg per
year, assuming multiple injections per day for diabetes. Others have re-
ported lower estimates of 30—40 g from an insulin syringe with each use,
or up to 30 mg in a year (Collier and Dawson, 1985). An average lifetime
human dose would be at most several grams of silicone if the higher
estimate was used; Hine’s doses in experimental animals, therefore, equal
or exceed lifetime human doses on a milligram-per-kilogram body weight
basis. In another study, direct injection of silicone gel into peripheral
nerve did not result in findings of toxicity of silicone to nerve tissue
(Sanger et al., 1992).

Short-Term Studies with Solid Implants

Solid silicone implants also were generally well tolerated by experi-
mental animals. Dogs, examined up to one year after implantation of
sponges subcutaneously, intraperiostally, or placed directly onto bone,
tolerated the implantation well, and the material was not invaded by
bone or periosteum (Marzoni et al., 1959). Actual breast implant materi-
als, such as Dow Corning Q7-2245 elastomer, in a biological safety screen
consisting of tissue cell culture, systemic toxicity, rabbit intracutaneous
and pyrogen tests, guinea pig sensitization, and rabbit 90-day implants,
elicited no local or systemic responses (Munten et al., 1985), nor did Q7-
2167/68 gel in a similar screen (Malczewski, 1985a). Subcutaneous im-
plantation of medical-grade polysulfone-based silicone elastomer in rab-
bits was not carcinogenic up to 18 months. This study was of insufficient
duration to be conclusive, however (Lilla and Vistnes, 1976).

In another implant study, nine different Silastic materials were im-
planted subcutaneously, intramuscularly, and intraperitoneally into 20
young adult purebred beagle dogs for six months to two years. The mate-
rials provoked a minimal foreign body reaction and the formation of a
fibrous capsule but no general adverse effects (Dow Corning Corpora-
tion, 1970). Two years is, nevertheless, a short time compared to a life
expectancy in beagles of 12-15 years. Thus, this study does not allow
conclusions on such long-term effects as carcinogenesis.

James et al. (1997) recently evaluated one-week and two-month local
cellular responses to PDMS, compared with the responses produced by
impermeable cellulose acetate Millipore filters. Expression of leukocyte
antigens for helper—inducer, T-suppressor—cytotoxic, and macrophage
leukocyte antigens, proliferating cell nuclear antigen, and in situ labeling
of DNA strand breaks as indicators of DNA damage and apoptosis were
measured. The response to silicone did not differ from the response to
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impermeable cellulose acetate filters. On the other hand, porous cellulose
filters, known not to produce local sarcomas, produced more intense in-
flammatory responses but minimal fibrosis. Within the fibrotic capsule
surrounding the tumorigenic implants, cell proliferation and apoptosis
were increased and associated with DNA breaks. The authors pointed out
that persistent DNA damage and elevated cell proliferation are usually
associated with genomic instability and malignant transformation. Simi-
lar studies might thus be carried out on human tissue surrounding sili-
cone implants. Van Kooten et al. (1998) in the course of evaluating human
fibroblast proliferative responses to smooth and variously textured Dow
Corning Medical Grade Silastic found no influence of toxic leachables that
might have been released from the silicone samples using 3-(4,5-di-
methylthiazole-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) conversion
testing of cellular biochemical activity.

Long-Term (Carcinogenicity) Studies

From the moment silicone compounds became available for implants
in humans, long-term effects were of particular concern. It was recog-
nized that subcutaneous implantation of silicone compounds in rodents
would produce local tumors at the implantation site. Solid-state carcino-
genesis had been discovered in the 1940s and was a well-known phenom-
enon in plastics toxicology. In addition, the possibility was entertained
that implants might release agents capable of producing tumors at distant
sites. In a study of carcinogenesis in which animals were observed for up
to two years, silicone rubber implanted intraperitoneally did not produce
any tumors, but subcutaneous implants caused local sarcomas (Hueper,
1961). An RTV silicone elastomer with a stanous octoate catalyst was also
implanted under the skin, intraperitoneally, and subdurally in the brain.
No implant-related tumors were found during an observation period of
up to 22 months (Agnew et al., 1962). A review of the entire literature on
solid-state carcinogenesis induced by silicone compounds was published
in 1967. In rats, but not mice, local sarcomas developed at the sites of
silicone rubber implants (a 29-40% incidence following placement of
single implants). Silicone gel or fluid produced only one sarcoma in 30
rats and no tumors in mice. The authors also pointed out that many of the
reported experiments were not lifetime and therefore of too short dura-
tion to evaluate carcinogenicity properly (Bryson and Bischoff, 1967).

In 1972, Bischoff again reviewed silicone toxicity and carcinogenicity.
Despite problems with the referencing of this review that interfere with
discovery of the original data, the summarized data show a significant
trend for tumor development in female, but not male, rats following in-
traperitoneal injection of silicone fluid. Subcutaneous administration of
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silicone fluid produced no tumors in rats, but an increased incidence of
mesenchymal tumors was observed at the injection site in mice. No such
tumors were found with controls (it is not clear how controls were in-
jected). Bischoff (1972) concluded that silicone fluid had a low-grade car-
cinogenic potential in rodents. In the absence of the original data, it is
difficult to evaluate this conclusion. However solid silicone compounds,
implanted subcutaneously, clearly produce local tumors of mesenchymal
origin at the site of implantation in rats. Silicone shares this property with
numerous other agents.

The salient features of solid-state carcinogenesis have been reviewed
(Autian, 1975a). The phenomenon is seen in rodents, mainly rats. Implan-
tation of an inert material (e.g., acrylic, cellulose, Teflon, glass, bakelite,
silicone, polystyrene, polyurethane, polyethylene) under the skin elicits,
after a latent period, the local growth of a mesenchymal malignant tumor.
To have such an effect, the implant must have a minimum size. Smooth
implants are more effective than rough or perforated disks. Initially, the
foreign body will be surrounded by granulomatous tissue that eventually
forms a thin capsule. If the foreign body is removed within the first six
months after implantation, no tumors develop. Removal of the test mate-
rial later may or may not be followed by tumor development, but if the
tissue pocket is removed, regardless of timing, no tumor will develop.
The same amount of material introduced in powdered form under the
skin does not produce tumors.

Later studies of the carcinogenicity of silicone implants, gels or solids,
confirmed their ability to produce local sarcomas in rodents. In rats, sili-
cone implants produced significantly fewer tumors at the implant site
than did polyvinyl chlorides or polyhydroxyethyl methacrylate (Maekawa
et al., 1984). Silicone amputation stump implants were placed in dogs,
and the animals were observed up to 10 years (Swanson et al., 1984).
While there was a benign foreign body giant-cell reaction to local silicone,
no silicone particles or giant-cell responses were observed in distant or-
gans, and the implants were well tolerated.

Surgitek breast implant components, silicone gel-SCL, silicone gel-
Meme, silicone elastomer SCL, and standard elastomer coated with type
A adhesive and polyurethane foam were examined in a two-year rat study
with negative (Millipore filters, 0.65-um pore size) and positive (Millipore
filters, 0.025-um pore size) controls. Test materials were implanted subcu-
taneously in the back at four different sites, and the animals were ob-
served for up to 104 weeks. Survival was comparable for the negative
control group and the polyurethane foam group, but significantly de-
creased in all other groups. However, body weight gains were similar in
all groups. Subcutaneous tissue masses at sites of implantation were found
in all groups. Tumor incidence ranged from 3% (polyurethane foam) to
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53% (positive controls), and the two silicone gels had incidences of 27 and
19%, respectively. Most tumors were malignant, but rarely metastasized,
and all were of mesenchymal origin. There was no evidence of systemic
toxicity during the conduct of this study. At both interim and final sacri-
fice, there were no changes in organ weight, clinical chemistry, or hema-
tology that could be attributed to an effect of the test agents. Age-associ-
ated inflammatory, degenerative, or neoplastic changes were seen on
pathological examination, but the groups did not differ significantly. It
was concluded that implantation of silicone gel-SCL or silicone gel-Meme
at a higher dose than usual in humans did not produce any signs of
systemic toxicity in female rats (Lemen and Wolfe, 1993).

Most recently, a lifetime implant study with Dow Corning Q7-2159A
silicone gel, used in breast implants, tested whether a silicone implant
would produce tumors at other than the implant site. A group of animals
with subcutaneous polyethylene disk implants was also examined. The
study, begun in 1990, involved a total of 700 female rats. Seven groups
were formed: a control group, three groups receiving silicone gel im-
plants (total surface areas 6.6, 18.0, and 48.8 cm?), and three groups receiv-
ing polyethylene disks (total surface areas 0.79, 3.1, and 12.6 cm?). The
animals were observed for 104 weeks. Data for survival, body weight gain
and food consumption, incidence of neoplastic and nonneoplastic lesions,
organ weights, hematology, urinalysis, and clinical chemistry were all
analyzed with appropriate statistical methods, designed to show dose-
responses, trends, and significance of differences in lesions among treated
and control groups (Klykken, 1998). The design, execution, data analysis,
and quality control procedures used in this study represent today’s state
of the art in the conduct of carcinogenesis bioassays. Survival was some-
what shorter in animals that had silicone gel- or polyethylene-induced
sarcomas at the implantation sites. In non-tumor-bearing animals, life
span was not reduced. Incidence of local tumors increased with implant
surface area and was higher in the polyethylene-treated animals. Silicone
gel did not produce tumors at a site distant from the implantation site.
Similarly, there were no observations of systemic toxic effects in silicone
gel-implanted animals.

There was weak statistical evidence of decreased incidence of mam-
mary gland malignant and benign epithelial tumors following gel expo-
sure and of thyroid c-cell carcinomas and adenomas in animals treated
with the largest polyethylene disks, compared to controls. In all animals,
including the ones with implant site sarcomas, a reduced tumor incidence
was also found for brain, mammary gland, pituitary, and all sites com-
bined. Others have suggested that silicone gel implants might be associ-
ated with a lower incidence of malignancy in experimental systems.
Dreyfuss et al. (1987) noted that a group of 60 rats with experimental
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silicone gel-filled implants experienced fewer mammary cancers caused
by injection of N-methyl-N-nitrosourea 14 days after implantation than
were seen in 60 rat control groups or groups with gel, elastomer, or poly-
urethane implanted as component sheets rather than fabricated into im-
plants. This was the only positive finding in a group of negatives involv-
ing exposure to different silicones and different timing of injections
(Dreyfuss et al., 1987). In another study, tumor size was diminished in the
presence of tissue expanders in rats injected with mammary cancer cells
compared to control and sham-operated rats. In still another study, rats
with silicone implants in three locations, including beneath the mammary
gland, developed fewer tumors after N-methyl-N-nitrosourea injection
compared to sham controls, and mice with implants developed fewer
spontaneous carcinomas compared to mice with implants of free gel or
silicone sheets or sham operations (Ramasastry et al., 1991; Su et al., 1995).
These studies and the epidemiological evidence of lower relative risks of
breast cancer in implanted women (cited in Chapter 9) are suggestive, but
they are not adequate to provide conclusive evidence for a decreased
cancer risk in women with silicone breast implants.

Reproductive Toxicity Following Implantation with Silicones

Most women who receive silicone breast implants are of childbearing
age. For this reason, reproductive, developmental, and teratologic effects
of exposure to silicones and the effect of silicone implantation on breast
feeding are particularly relevant. Many of the human data on exposure
and responses to silicone are reviewed in Chapter 11. The reproductive
toxicity and teratogenesis of some silicones relevant to those found in
breast implants have been addressed directly in a few experimental ani-
mal studies.

Dow Corning 360 medical-grade fluid, 350 cS, and two other PDMS
fluids were administered in comparatively high doses (20, 200, or 12,000
mg/kg) to male and female rats, mice, and rabbits. Basic guidelines is-
sued by the Food and Drug Administration (FDA) for reproductive toxic-
ity testing were followed. General reproductive performance (exposure
of males and females before and during gestation), embryogenesis (expo-
sure of pregnant females during the critical period of gestation), and post-
natal performance were evaluated. Altogether, several hundred rats, rab-
bits, mice, and their offspring were examined, and no adverse teratologic,
reproductive, or mutagenic effects were observed (Kennedy et al., 1976).

PDMS fluid, 350 cS, at dose levels of 5, 10, and 20 g/kg body weight
was injected over ten days in one group of pregnant rats and all at once in
another group of rats one week before mating. The sole effect observed
was a significant postimplantation loss in the 5- and 10-g/kg PDMS dose
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groups of predosed animals. This effect prompted use of the predosing
regimen and dose levels of 1, 10, and 20 g/kg PDMS in a definitive assay
with 0.85% saline controls. The 20-g/kg dose level was selected to ap-
proximate the exposure of a 50-kg woman to sudden and complete rup-
ture of two 500-g silicone gel breast implants. In this final test, no clinical
signs of toxicity were evident in the mothers. No effects were found in the
fetuses, and no postimplantation loss was observed. Under the conditions
tested, the compound had no teratogenic effect (Bates et al., 1985, 1991).

In a later study, Surgitek silicone gel-SCL, silicone gel-Meme, and
polyurethane were implanted under the skin of rabbits at six different
locations, 17 rabbits per group. Doses were calculated to represent up to
three times the expected human exposure for the gels and up to ten times
for the polyurethane. After six weeks the rabbits were mated and then
killed on gestation day 29. There were no effects of the treatment on
implantation efficiency, pregnancy rates, fetal viability, postimplantation
loss, or fetal weights. In animals exposed to polyurethane, some fetal
malformations were observed, but the incidence per litter was not signifi-
cantly different from controls. These findings were considered incidental.
Materials implanted under the skin did not appear to produce either
maternal toxicity or fetal abnormalities (Lemen, 1991).

More recently, silicone gel Q7-2159A and elastomer Q7-2423/Q7-2551
were evaluated for reproductive toxicity and teratogenesis in rats and
rabbits. Altogether, the studies examined three different dose levels for
the gel (3, 10, and 30 ml/kg) and two different disk sizes for the elas-
tomer. In the reproductive toxicity studies, 30 male and 30 female rats
were used per group, and in the teratology study, 25 pregnant rabbits
were used in each group. Test articles were implanted in male rats 61
days, and in female rats 47 days, before mating and in female rabbits 42
days prior to insemination. Implantation of the gel or of the elastomer
disks and their continuous presence before or during pregnancy and lac-
tation did not cause observable effects in parents or neonates and had no
discernible teratogenic effects. These two studies reflect the current state
of the art in reproductive toxicity and teratogenesis testing (Siddiqui et
al., 1994a,b). Finally, a two-year gel implant study of Dow Corning Q7-
2159A and Dow Corning MDF-0193 in rats has been reviewed (Ruhr,
1991). This report examines the data for evidence that silicone implanta-
tion leads to changes in the male or female endocrine system. Fifty male
and female rats were implanted with the test materials, and no changes in
the endocrine system were found during what amounted to a lifetime
study.
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Distribution and Migration of Subcutaneously Implanted Material

The fate of subcutaneously implanted silicone has been directly ad-
dressed in a few studies. A total of eight male rats received a single
subcutaneous injection of PDMS fluid labeled with carbon-14 (14C). More
than 94% of the radioactivity remained at the site of injection, and very
small percentages (around 0.1%) were detected in expired air, urine, and
feces. Less than 0.02% was eventually found to have migrated to different
tissues, presumably via the lymphatics (LeBeau and Gorzinski, 1972). The
movement of subcutaneously implanted, radiolabeled PDMS gel Q7-
2159A was followed over a 20-week period (Isquith et al., 1991). Male and
female CD-1 mice received a middorsal 0.5-ml implant of gel synthesized
by equilibrating [**Cloctamethylcyclotetrasiloxane with dodecamethyl-
pentasiloxane under acidic conditions. Over a period of 20 weeks, only
0.006% in males and 0.009% in females was found to be mobile. A very
small amount of radiolabeled silicone was excreted, in large part during
the first week postimplantation. What remained in the body beyond the
injection site was found primarily in lymph nodes draining the implanta-
tion site. The injection sites were collected, but not analyzed. This pre-
cludes calculation of the usual mass balance (silicones not specifically
measured elsewhere were assumed to have remained in the injection de-
pot), but generally, silicone concentrations (calculated from radioactivity)
in different tissues and organs were micrograms per gram of tissue, or-
ders of magnitude lower than the amount injected (500 mg). In a report
from the FDA, Young (1991) reanalyzed data from a 1966 Dow Corning
study of the movement of [*C]poly(dimethylsiloxane) injected subcuta-
neously in mice and followed over 90 days. A small fraction of the in-
jected radioactivity appeared in the urine and feces with a half-life of 2
days initially and 56 days for redistributed radioactivity, but 99.97% of
the silicone was stable (Young, 1991). These studies appear to show that
very little of a gel implant leaves the site of deposition.

Raposo do Amaral et al. (1993) injected rats with 2 ml of silicone gel at
two different sites. The animals were killed at intervals of 3, 7, 15, 30, 60,
180, 240, 420, and 450 days. The authors did not detect any silicone gel in
lung, heart, spleen, liver, stomach, or gonads, although they could see it
in the local tissues surrounding the capsule formed around the injected
gel. No silicone was found in the regional lymph nodes draining the
implant. However, these tissues were examined for silicone by light mi-
croscopy, which is an insensitive detection method. The reaction of local
lymph nodes to injected silicone gel (1.5 ml injected subcutaneously into
male Wistar rats), was measured with rigorous quantitative morphomet-
ric techniques at intervals up to 365 days (Tiziani et al., 1995). There was
no evidence of lymph node hyperplasia, giant cells, or silicone droplets.
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There was no morphometric difference in lymph nodes from gel-injected
or saline-injected animals, and it was concluded that the silicone gel had
not migrated. Swanson et al. (1984, 1985) evaluated a patient at autopsy
after 12 years’ exposure to silicone elastomer joint implants and also evalu-
ated three dogs with elastomer implants after 10 years’ exposure. Silicone
elastomer particles were found locally around the implants, but a com-
plete organ and reticuloendothelial system review revealed no particles
at distant sites and only a few silicone particles in an axillary node of the
autopsied patient (Swanson et al., 1984, 1985). Silicone rubber fragments
placed in the peritoneal cavities of rats were found in the spleens of these
animals, associated with a giant-cell reaction after four days (Guo et al.,
1994). Barrett et al. (1991) found silicone particles locally and in regional
nodes (when examined) of patients with penile implants. Examinations
for particles in more distant sites were not undertaken. These examples
are typical of reports of local and some regional node presence of silicone
elastomer particles from various kinds of implants, which generally pro-
voke some giant-cell, but no systemic, reaction (Barrett et al., 1991). In-
flammatory reactions are limited to joints exposed experimentally to par-
ticulate silicone elastomer in rabbits by injection (or in humans from joint
implants); unexposed joints are not inflamed (Worsing et al., 1982). More
distant migration of small (median diameter, 73 um) silicone particles to
lung and lymph nodes and, less frequently, to kidney and brain was
observed in seven female dogs injected with a silicone—polyvinyl-
pyrrolidinone paste. There was no tissue reaction around the particles
(Henly et al., 1995). Tiziani et al. (1995) concluded from this sort of evi-
dence that regional node reactions were more likely to particulate elas-
tomers than to silicone gel implanted in their drainage areas.

In a recent study, mice received subcutaneous injections of 250 mg of
breast implant distillate, a low molecular weight siloxane mixture con-
taining D,, D,, D;, D,, L;, and L, (Kala et al., 1998). These materials are
released by gel fluid diffusion from breast implants in very low concen-
trations (see Chapter 3). Animal tissues were analyzed at 3, 6, 9, and 52
weeks by gas chromatography—-mass spectroscopy. Commercially avail-
able D,, D;, and D, were used as standards. The distribution of individual
cyclosiloxanes in brain, heart, liver, kidney, lung, lymph nodes, ovaries,
uterus, spleen, and skeletal muscle was measured. Concentrations for the
individual cyclosiloxanes were all in the range of less than 1 ug (brain,
liver) to a maximum of 7 pug (lymph nodes, ovaries) per gram of tissue.
When calculated as total cyclosiloxanes, concentrations were highest in
lymph nodes, uterus, and ovaries after six weeks, in the range of 1 to 14
ug/g of tissue. The authors reported that they could detect silicone in all
organs examined up to one year later. Linear siloxanes were found at 4 to
5 ug/g of brain and up to 8 ug/g of lung. Large variations in the concen-
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trations of the siloxanes between individual animals were noted. This
study shows that in mice a small percentage of low molecular weight
siloxanes injected in the suprascapular area can migrate in microgram
amounts to different tissues. The experiment gives data on tissue concen-
trations only.

A mass balance study—that is an analysis of the amount of siloxanes
injected, distributed, and excreted—was not carried out in this experi-
ment. Such an analysis, usually a part of tissue distribution studies of
chemicals as noted earlier, would have provided information on how
much silicone was dislocated from the injection site, retained, or lost from
the animal. The data on the total siloxane concentrations in different or-
gans allow others to estimate a mass balance, however. Average organ
concentrations were 7 ug/g wet tissue weight at most. If uniform distri-
bution is assumed for a 25-g mouse, this provides for a total of 175 ug
siloxane distributed from the injection site, or about 0.07% of the adminis-
tered dose (250 mg). By allowing for the fact that the migratory part of the
gel (a low molecular weight siloxane fluid distillate), not the gel itself,
was injected, these results are consistent with those of Isquith discussed
earlier. Kala et al. (1998) reported similar weight gains at one year in
control and experimental mice, suggesting that in this study, a large (10
g/kg) dose of low molecular weight linear and cyclic siloxanes appears to
have been well tolerated. In a subsequent study, this group injected even
larger doses of a distillate containing D,-D, intraperitoneally in mice and
observed inflammatory changes in liver and lung. The LD, for distillate
was about 28 g/kg body weight, and for D, alone 6-7 g/kg body weight
(Lieberman et al., 1999). It is not clear what relevance these studies have
for women with silicone breast implants, since test article doses were
given that were orders of magnitude greater than possible from breast
implants, and LD;s in these ranges have historically been considered
indicative of lack of toxicity (Casarett, 1975; Marshall et al., 1981). It was
also not clear to the committee why a distillate, instead of an extract or
simply reference compounds, was used, since the possibility that some of
these compounds were created during distillation once again raises the
question of relevance for women with silicone breast implants.

GENERAL TOXICOLOGY OF SILICONE COMPOUNDS,
INCLUDING LOW MOLECULAR WEIGHT CYCLIC AND
LINEAR POLY(DIMETHYLSILOXANES)

Exposure to silicone compounds is widespread. A comparatively
small number of people in industry may experience high exposures by
dermal or inhalation routes. A large population may experience low-level
exposure through consumer products including food. Toxicity testing has
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thus had to consider these routes of exposure. The committee has re-
viewed some of the studies of dermal, oral, and inhalation exposure to
silicone in experimental animals for this reason and also because such
studies provide some insights into the systemic toxicity of silicones that
may be relevant to the toxicology of silicone breast implants.

Dermal Exposure

There are few studies on direct dermal toxicity of silicones, probably
because early investigators recognized that silicones had no skin irritating
properties and were generally considered nontoxic (Barondes et al., 1950).
Nevertheless, a study conducted in rabbits with trifluoropropylmethyl-
cyclotrisiloxane revealed some toxicity. In the highest-dose group (400
mg/kg), 40% of the animals died, and there was significant reduction in
body weight gain (Siddiqui and Hobbs, 1982). Dermal (and oral) expo-
sure to some organopolysiloxanes, not found in breast implants, resulted
in adverse effects on the reproductive systems of male and female rats,
rabbits, and dogs. Dermal application for 28 days produced testicular or
seminal vesicle atrophy in rabbits (Bennett et al., 1972; Hayden and
Barlow, 1972). Maternal weight loss, increased resorption, and decreased
viability of young were observed in female rabbits treated dermally with
a phenyl-methylcyclosiloxane. However, the material was not considered
teratogenic. Application of the same silicone fluids to human skin did not
lead to an increase in silicone blood or urine concentration (Hobbs et al.,
1972; Palazzolo et al., 1972). Although some interest in these compounds
has been expressed by women with implants or by other investigators,
there is no evidence that they are found in silicone breast implants.

Oral Exposure

Oral toxicity for most silicone compounds is very low. For two sili-
cone oils (poly(sec-butylmethylsiloxane) and polydimethylsilicones), the
LD, was greater than 24 g/kg. Agents with such a high LD, are gener-
ally considered nontoxic (Marshall et al., 1981). More recently, the oral
toxicity of Dow Corning 200 fluid, 10 ¢S, a PDMS fluid, was examined in
a 28-day and then a 13-week feeding study. Rats received the test material
in the diet at concentrations from 1 to 10% in the 28-day study and from
0.5 to 5% in the 13-week study. Corneal opacities, identified as corneal
crystals, and other corneal inflammatory changes were noted in the
higher-dose groups, presumably due to direct contact with the fluid on
the fur. Changes in clinical chemistry were limited to a significant de-
crease in mean triglycerides, and in low-density and very low density
lipoproteins. A NOAEL could be set at greater than 100,000 parts per
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million (ppm) of the test substance, provided the corneal lesions were the
result of a topical effect for the 28-day study, and at greater than 50,000
ppm for the 13-week study (Tomkins, 1995). Dow Corning 200 fluid, 350
¢S, another PDMS fluid, was evaluated in a similar experiment. The same
corneal lesions were noted both in the 28-day and the 13-week studies,
and again were attributed to topical contact. No changes in clinical chem-
istry were noted. In the 13-week study, male and female rats were also
given the test substance by gavage (500 and 2,500 mg/kg per day). The
NOAEL for this substance could be set at greater than 50,000 ppm, again
if the corneal lesions are assumed to be the result of a topical effect
(Tomkins, 1995).

Some silicone fluids may be absorbed from the gastrointestinal tract.
In one male monkey given C-labeled Dow Corning 360 fluid, very little
absorption occurred, and more than 90% of the radioactivity was eventu-
ally recovered in the feces (Vogel, 1972). On the other hand, in rats repeat-
edly given octamethylcyclotetrasiloxane (D,) approximately 23-33% of
the silicone species were detected in urine, and less than 0.3% was found
in the feces (possibly resulting from contamination by urine) (Malczewski
et al., 1988). Metabolites originating from exposure to D, are under inves-
tigation (Varaprath et al., 1997), as are studies designed to clarify whether
inducers of hepatic drug-metabolizing enzymes alter its metabolism
(Plotzke and Salyers, 1997). In commenting on the results of these studies
at the Institute of Medicine (IOM) scientific workshop, Meeks noted that
these metabolic changes were similar to those induced by common seda-
tives (McKim 1995, 1996a,b; see R. Meeks, IOM scientific workshop, 1998).

Some early studies examined the carcinogenicity of orally adminis-
tered silicone compounds. Rowe et al. (1950) fed Dow Corning Antifoam
A at a concentration of 0.3% to rats over their lifetime. Survival and growth
rate were not affected. However, survival rates, in both controls and ex-
posed animals were not very good by today’s standards. No tumors were
found, but the low survival rate and the use of only one dose that did not
approach a maximum tolerated dose, which is required in current prac-
tice, make this negative study inconclusive (Rowe et al., 1950). Carson et
al. (1966) fed Dow Corning Antifoam A and Dow Corning 360 fluid, 50
and 350 ¢S, at 1% of diet to rabbits and rats for 8 months and 1 year,
respectively. They observed no differences in body weight, organ weight,
hematological, urine, or serum chemistry tests, the microscopic examina-
tion of organs, or overall survival between control or experimental groups.
Earlier, Kimura et al. (1964) had reviewed studies of methylpolysiloxane.

A silicone antifoam compound consisting of a mixture of 6% finely
divided (amorphous) silicon dioxide and 94% PDMS was administered in
the diet, at concentrations of 0.25 and 2.5% to male and female outbred
mice, respectively (Cutler et al., 1974). This experiment was begun at
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weaning and terminated 76 weeks later. In the same study, some animals
received a single subcutaneous injection of 0.2 ml silicone or 0.2 ml paraf-
fin. All visibly altered tissues as well as lung, heart, stomach, small intes-
tine, spleen. liver, and kidney from about ten male and female mice in
each treatment group were examined microscopically. No treatment-re-
lated increase in nonneoplastic or neoplastic lesions was found. Cysts and
some fibromas were observed at the injection site in mice injected with
silicone oil or paraffin, the latter producing fibromas more frequently
than the former. Although carcinogenesis was not observed at the dose
levels examined, this study performed in 1974 would not fulfill today’s
criteria for a carcinogenesis bioassay. The study was terminated early,
histopathology was incomplete, and no indication was given of how close
the higher dose used was to a maximum tolerated dose.

Although the studies of polydimethylsilicone reviewed so far offer
little evidence of toxicity, this is not true for all silicone compounds. A
series of papers, published in the early 1970s, provides experimental evi-
dence that certain organosiloxanes have estrogenic activity. Several agents
were evaluated. The most active of them was cis-2,6-diphenylhexamethyl-
cyclotetrasiloxane. This and similar chemicals caused an array of effects
in the reproductive systems of male animals and on reproduction in fe-
male animals (Bennett et al., 1972; Hayden and Barlow, 1972; Hobbs et al.,
1972; LeFevre et al., 1972; LeVier and Boley, 1975; LeVier and Jankowiak,
1975; LeVier et al., 1975; Nicander, 1975). Some human data are available
from patients with prostate cancer. The biological half-life varied between
14 and 23 hours (Pilbrandt and Strindberg, 1975). As noted earlier in this
chapter, women with breast implants and some recent investigators have
expressed an interest in these compounds. However, the toxic effects of
these compounds have not been observed in experimental silicone gel
implant toxicological studies, and there is no evidence that they are
present in silicone breast implants.

Inhalation Exposure

Because silicone compounds are present in hairspray and shampoo,
adverse health effects following inhalation of these compounds have been
explored. The toxicity of aerosolized D, was evaluated, first in a dose-
setting study of four weeks’ duration, then in a three-month study
(Kolesar, 1995a,b). Exposures were six hours a day, five days a week at
concentrations of D, ranging from 200 to 1,333 ppm (2.4-15.8 g/m?, grams
per cubic meter) eventually reduced in the three-month study to 12 g/m?
(1,000 ppm). The animals were observed for clinical signs of toxicity, and
food consumption was monitored. A few animals died during the first
week when exposed to 15 g/m?, necessitating reduction of the dose to 12
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g/m?3. No treatment-related clinical signs were observed at the lower dose
levels, but changes in hematology and clinical chemistry were seen. En-
largement of the liver and its cells was dose dependent and more pro-
nounced in females. Changes in the respiratory tract were interpreted as
adaptive responses to mild irritation. In females exposed to the highest
concentration (12 g/m?3), minimal to marked vaginal mucification accom-
panied by moderate degrees of ovarian atrophy was noted. A separate
group of animals was allowed to recover in air for one month following
the exposure. Practically all of the abnormalities eventually disappeared,
indicating reversibility of the effects of exposure. These exposures are
considered quite high.

In a later study, Fischer 344 rats were exposed to D, at concentrations
ranging from 7 to 540 ppm (80 mg to 6.4 g/m?) for six hours a day, 5 days
a week, for 28 days (Klykken et al., 1997). In addition to the usual end-
points measured, immune function was assessed by splenic antibody-
forming assay and enzyme-linked immunosorbent assay (ELISA). The
only change noted was liver enlargement, which was reversible after a
two-week recovery period in male rats exposed to 540 ppm and females
exposed to 20-540 ppm (0.24 to 6.4 g/m3). No immune system changes
were observed.

This protocol was repeated with D;, except that exposures ranged
from 0.4 to 3.5 g/m3 (expressed as milligrams per liter in the original, 27-
240 ppm) (Kolesar, 1995c,d). At one month, all animals survived and
gained weight normally. Upon termination of the study, only slight inter-
stitial inflammation in the lung and some liver cell enlargement were
noted in the highest-dose group. In the three-month study, reduced
weight gain was observed in the highest-dose group. Hematology, clini-
cal chemistry, and urinalysis were unremarkable. Histopathological
changes were observed in the lungs of animals exposed to the higher
concentrations of D, both those killed immediately after exposure and
those allowed to recover for an additional month in air. More frequent
interstitial ovarian and vaginal lesions were also seen in the highest-dose
group. Exposures used in all these studies were quite high, perhaps unre-
alistically so.

The effects of inhaled D, and D, were also evaluated in reproductive
toxicity tests. Male and female rats were exposed to D, concentrations
ranging from 70 to 700 ppm (0.83-8.3 g/m?) for six hours a day for a
minimum of 28 days or for 70 days prior to mating. Exposure continued
throughout the gestation and lactation periods (except on day 21 of gesta-
tion and days 1-4 of lactation). Offspring were further exposed following
weaning on day 21 until day 28. They were thus potentially exposed to
the test agent while in utero, throughout suckling, via inhalation or der-
mal contact during lactation, and via inhalation after weaning. Maternal
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toxicity consisting of slight reduction in body weight gain and hepatome-
galy at autopsy was observed at dose levels of 300, 500, and 700 ppm (3.5,
5.9, and 8.3 g/m3). In the highest-dose group, there was a consistent and
reproducible reduction in fetal implantation sites and a decrease in mean
live litter size. In the offspring, no exposure-related signs of toxicity were
observed (Stump, 1996a). No effect on litter size or pup viability and no
signs of maternal toxicity were found in a study with D;, when maternal
animals were exposed to concentrations of 26 and 132 ppm (0.38-1.9 g/
m?) (Stump, 1996b).

Decamethylcyclopentasiloxane (D;) was also evaluated in a different
laboratory (Lambing, 1996). Exposures were six hours a day, seven days a
week, for a total of 28 exposures, with exposure concentrations ranging
from 10 to 160 ppm (0.15-2.4 g/m?). A two-week recovery period was
included in the experimental design. There were no test-related effects on
survival, clinical condition, body weight gain, food consumption, clinical
chemistry, and urinalysis at any exposure level. There were no adverse
effects on immunoglobulin M (IgM) antibody response to a T-dependent
antigen (sheep red blood cells). Changes noted were a 5% decrease in
hematocrit, enlargement of the liver, and increased lung weight, all re-
versible upon cessation of exposure. Microscopically, increased alveolar
macrophage accumulation and some interstitial inflammation in the lungs
were observed. Goblet-cell hyperplasia was found in the nasal passages,
which was thought to be reversible. If the histopathological changes con-
fined to level one in the nasal passages are taken into account, the no-
observed-effect-level (NOEL) would be less than 10 ppm. A NOAEL for
systemic toxicity (liver weight increase) was identified at 75 ppm (1.1 g/
m?) and for immunosuppression at 160 ppm (Lambing, 1996).

Presumably because some systemic effects such as liver enlargement
were observed during inhalation of D,, a series of pharmacokinetic stud-
ies has been initiated. Rats were exposed by nose-only inhalation tech-
nique to D, labeled with *C. Concentrations used ranged from 7.5 to 716
ppm (90 mg to 8.5 g/m?). The animals were killed immediately after
exposure and at selected intervals thereafter up to 168 hours. The animals
retained approximately 5.5% of the total radioactivity delivered. Radioac-
tivity was found in all tissues and reached maximum levels between zero
and three hours after exposures, except in fat, which seemed to serve as a
depot for radioactivity. Half-times of retention for combined radioactivity
ranged from 68 hours in plasma to 273 hours in various tissues. Radioac-
tivity was mostly excreted by breathing and excretion was most rapid
within the first 12 hours. An initial rapid decline followed by a longer
terminal elimination phase was also observed in a study where rats were
exposed for 14 days, first to unlabeled, and for 1 day to labeled, D, vapor
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(Ferdinandi and Beattie, 1996a,b, 1997). Exposures in these inhalation
studies reached very high levels.

Studies have been performed to examine the implications of liver
enlargement (McKim, 1995, 1996a,b). Male and female rats were exposed
for four weeks to D, at airborne concentrations of 70 and 700 ppm. Ani-
mals were killed from 3 to 28 days after exposure and after 7 and 14 days
of recovery. In females, liver size increased early during exposure. At the
end of the study, liver weights were approximately 110% of controls in
females and 117% in males. However, following cessation of exposure,
there was a rapid decrease in liver weight. Some liver enzymes and pro-
teins were increased. It was concluded that D, acted like a “phenobar-
bital-type” inducer in rat liver. Essentially similar observations were made
in studies with inhaled and oral D (McKim, 1997). A metabolic study in
rats showed that 75 to 80% of intravenously administerd *C labeled D,
appeared in urine as dimethylsilicone diol, methylsiliconetriol and five
other minor metabolites within 72 hours (Varaprath et al., 1997).

Because D, is found in personal care products such as hairsprays,
shampoos, and deodorants and, together with D, has been found in in-
door atmospheres, a potentially large number of people are exposed daily
(Shields et al., 1996). Very small amounts of these compounds are found
in breast implants (see Chapter 3), constituting exposures substantially
lower than those possible from other, ubiquitous sources. Recent studies
have examined the effects of inhaled D, on humans. At a concentration of
10 ppm, a one-hour inhalation did not alter human lung function. Depo-
sition of D, was calculated to be around 12%. Measurement of plasma
concentrations showed a rapid nonlinear blood clearance. Immune func-
tion was evaluated by several parameters, such as measurement of serum
acute-phase reactants, interleukin-6 (IL-6) levels, establishment of lym-
phocyte subsets, blast transformation in isolated peripheral mononuclear
cells, natural killer (NK) cell cytotoxicity, and in vitro production of
cytokines. No signs of an immunotoxic or systemic inflammatory response
were found (Looney et al., 1998; Utell et al., 1998).

The authors pointed out that their studies did not preclude possible
immunological effects with exposures of longer durations or at higher
concentrations. Since the route of exposure was via inhalation, the nega-
tive findings should not be relied on when assessing the immunological
effects of implanted silicones in humans. Nevertheless, the low order of
toxicity observed when D, is absorbed and distributed systemically after
administration by inhalation or oral routes, tends to support the observa-
tions of lack of D, toxicology after systemic exposure by implant or injec-
tion. The committee did not find data that would allow comparisons
between possible systemic exposure to D, from common consumer prod-
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ucts to large numbers of the general pupulation and estimated exposures
from silicone gel-filled breast implants.

In Vitro Assays

Few in vitro studies on silicone materials have been published in the
open literature. The LC;; of D,, decamethyltetrasiloxane (L,), and tetra-
methyltetravinylcyclotetrasiloxane (D’,) on B-cell lymphoma, plasmacy-
toma, and macrophage cell lines ranged from 30 to 50 micromolar (8.6—
14.4 mg/1, D,). At lower concentrations, there were biochemical signs of
cytotoxicity. Exposed macrophages produced more IL-6 than did un-
treated cells (Felix et al., 1998). On the other hand, WI-38 human fibro-
blast, mouse fibroblast, and Chinese hamster ovary cells, when grown in
contact with silicone gel used in breast implants, were not adversely af-
fected, even when exposed up to 12 days. Flow cytometry, a sensitive
analytical technique, did not reveal any changes in cell-cycle characteris-
tics (Cocke et al., 1987).

Results from in vitro mutagenicity assays are not conclusively nega-
tive, although they are suggestively so. Poly-sec-butylsilicate ester (Sili-
cate Cluster 102, Olin Corp.) and PDMS (SF-96, G.E. Corp.) were negative
in the Ames test (TA-1535, TA-100, TA-1538, and TA-98), with and with-
out metabolic activation (Marshall et al., 1981). In 1988, it was reported
that 12 silicone compounds all tested negative for genotoxicity in salmo-
nella (Ames test), Saccharomyces cerevisiae, and Escherichia coli test sys-
tems. Hexamethyldisiloxane (L,) and D, at one dose and several other
compounds, among them methyltriethoxysiloxane, produced sister chro-
matid exchange, although often no dose-response relationship was found,
and the results were considered inconsistent. Chromosome aberrations
were also found with some of the compounds (Isquith et al., 1988). In an
evaluation of the mutagenicity of Dow Corning 7-9172 Part A (used to
make gel) with several tester strains, with and without metabolic activa-
tion systems, no positive responses were found (Isquith, 1992). Six silox-
anes were recently examined for mutagenic activity in rat fibroblasts (Felix
etal., 1998). Only one compound, tetravinyltetramethylcyclotetrasiloxane
was found to give a weak positive response. The study was prompted by
the observation that silicones could produce plasmacytomas in highly
sensitive mouse strains. Since only one compound was found to be mu-
tagenic, it was concluded that possible nonmutagenic mechanisms might
also be responsible for plasmacytoma development.

PLATINUM

The potential toxicity of several platinum compounds has received
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some attention because they have been used as catalysts in the manufac-
ture of silicone gels and solids. Platinum is present in small amounts in
implants (see Chapter 3, in which the amount of platinum and the ques-
tion of its form are discussed). Reports that this platinum is in the form of
platinate (Lykissa et al., 1997) are unconfirmed (Lewis and Lewis, 1989;
Lewis et al., 1997). Inhalation of platinum compounds is recognized as a
problem in the smelting and refining industry. Platinum can produce
chemical pneumonitis (Furst and Rading, 1998). Inhalation of complex
salts of platinum, but not elemental platinum, can cause progressive aller-
gic and asthmatic reactions. Skin contact with platinum, particularly its
chlorides, which are powerful skin sensitizers, can cause contact dermati-
tis (American Conference of Governmental Industrial Hygienists, 1998).
Cisplatin, an agent used in cancer chemotherapy, is highly toxic to the
gastrointestinal tract, kidney, bone marrow, and peripheral nervous sys-
tem. This compound does not occur in silicone breast implants, however.

Early toxicity tests, conducted on a minimum number of animals,
showed little if any signs of toxicity for two platinum compounds, Dow
Corning Platinum Nos. 1 and 2 (Groh, 1973). Acute oral toxicity was
greater than 6.8 g/kg, and upon instillation of the liquids into the eyes of
rabbits, only a slight and transient irritation was noted. Moderate to
marked skin alterations were seen after repeated application of the undi-
luted substances. Edema and hyperemia were mentioned, but without
any quantitative scores. Studies with Dow Corning X-2-7018 gave essen-
tially similar results (Groh, 1972). The platinum catalysts, when com-
pounded into an elastomer, were nontoxic to human embryonic lung cells
in tissue culture. However, in liquid form, the catalysts were toxic, al-
though this effect was abolished for Platinum No. 2 by heating. This
seems to indicate that compounding might eliminate toxicity by inactivat-
ing reactive sites (Jackson, 1972). The oral toxicity of TX-82-4020-02
(H,PtCl, reacted with tetramethyldivinyldisiloxane and then diluted with
Dow Corning SFD-119 fluid) was greater than 20 g/kg, and no signs of
toxicity were observed during a two-week observation period or upon
autopsy of rats (de Vries and Siddiqui, 1982).

BALB/c female mice received injections of ammonium hexachloro-
platinate in the left footpad. Comparison of the weight of left popliteal
lymph nodes with nodes collected from the right hind leg showed that
five, six, and seven days later, the weight of the lymph nodes was in-
creased. This was taken as evidence that platinum in its multi-valent state
has immunogenic potential (Galbraith et al., 1993). The skin sensitizing
potential of Platinum Nos. 2 and 4 was recently examined in a study with
guinea pigs (Findlay and Krueger, 1996a,b). On day 1 of the test, the
guinea pigs received six intradermal injections of Dow Corning 2-0707
Intermediate (Platinum No. 4) or Dow Corning 3-8015 (Platinum No. 2)
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intradermally into the skin of the back over the shoulder region. Negative
(phosphate-buffered saline) and positive (1-chloro-2,4-nitrobenzene) con-
trols were similarly injected. On days 7 and 8, the same agents were
reapplied, this time topically and under occlusion. A first challenge was
applied on day 22 and a second challenge on day 29; 24 and 48 hours after
the challenge doses, the skin was examined and scored for signs of irrita-
tion with a quantitative procedure (Draize scale). For this experiment,
both agents were found to be moderate skin sensitizers in guinea pigs
although previous studies were said to be inconsistent with this result
(Lane et al., 1998). Available data provide little evidence that the platinum
catalysts would have a particular systemic toxicity. They may have sensi-
tizing potential, but it is not clear whether this is a function of the plati-
num itself or of the entire molecule.

Harbut and Churchill (1999) reported a small case series of eight
women with the onset of asthma at varying intervals after placement of
silicone breast implants. These authors speculated that the respiratory
signs and symptoms were the result of exposure to hexachloroplatinate in
their implants. No evidence for this was reported. Conclusions regarding
platinum toxicity in women with breast implants should await evalua-
tions that positively relate platinum to the symptomatology; these might
include some or all of elevated serum platinum levels, positive skin prick
tests for platinate, positive radioallergosorbent (RAST) or other tests for
platinum-specific antibodies, remission of allergic symptoms or reduc-
tion of serum platinum levels or skin prick or other allergic tests on ex-
plantation in women with no other known exposures to platinum (Biagini
et al., 1985; Rosner and Merget, 1990). Absent these tests, diagnoses of
platinum toxicity in women with implants are speculative only. Since
allergies and asthma are extremely common in the general population,
they should be common in women with breast implants, yet epidemio-
logical studies do not report this. These complaints are not prominent in
lists of problems with breast implant patients (see Appendix B of this
report), and one cohort study of 222 women with breast implants and 80
control women without implants found breathing difficulties to be sig-
nificantly less frequent (p < 0.05) in the women with silicone breast im-
plants (K.E. Wells et al., 1994). It should also be kept in mind that plati-
num exposure from vehicle exhaust catalysts is increasing and is reflected
in serum levels but not in any known health condition (Farago et al.,
1998). The committee could not find any such positive platinum-specific
evaluations in women with breast implants and thus finds that evidence
is lacking for an association between platinum in silicone breast implants
and local or systemic health effects in women who have these implants. If
the platinum in breast implants is in zero valence form in the final cured
state in excess vinyl as reported by Stein et al. (1999), and if it is in micro-
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gram quantities as is usually added to gel (Lane et al., 1998), as the current
evidence suggests, then a biologically plausible rationale for platinum
related health problems in women with silicone breast implants does not
presently exist. Many silicone-containing implants other than breast im-
plants (listed in Chapter 2) are found at high frequency in the general
population and presumably contain platinum also; the committee is not
aware of any evidence that platinum toxicity is present in these persons.

TIN

The committee reviewed information bearing on the possible effect of
tin on the safety of silicone breast implants. Stannous octoate, stannous
oleate or dibutyltin dilaurate catalysts are generally involved in formula-
tion of only part of an implant, e.g., the adhesive sealant in the case of
Dow Corning and McGhan Medical or the RTV elastomer shells of saline
implants in the case of Mentor and McGhan Medical Corporations. HTV
gel-filled shells are platinum catalyzed (B. Purkait, personal communica-
tion, Mentor Corporation, May 1999; Eschbach and Schulz, 1994). Tin has
been added at low concentrations (e.g., 0.038% stannous oleate to formu-
late adhesives [about 1.4 ug of tin per Dow Corning implant] or targeted
at 70-80 parts per million tin from dibutyltin dilaurate in the case of
Mentor saline implant shells and about the same in the case of McGhan
shells). Tin has been analyzed at non detectable to 0.73 ppm in saline or
dichloromethane extracts of Dow Corning implant silicone gel (J. M.
Curtis, Dow Corning, personal communication, May 11, 1999, Lane et al.,
1998) or non detectable by inductively coupled plasma atomic emission
spectroscopy and cold vapor atomic absorption spectroscopy in saline,
ethanol, methylene chloride or hexane extracts in the case of Mentor im-
plant shells (B. Purkait, Mentor Corporation, personal communication,
May 1999), or measured within a range of 15 to 100 parts per million in
saline shells and non detectable in saline extracts of shell elastomer by
inductively coupled plasma atomic emission spectroscopy (R. Duhamel,
McGhan Medical Corporation, personal communication, 1999). Normal
tissue concentrations of tin can be higher than the levels in implants (0.25-
130 ppm, Clayton and Clayton, 1994). Total tin in an average implant!,

IThis depends on saline shell weights which are quite variable, ranging it is said, from a
lower limit of 5 g (B. Purhait, Mentor Corporation, personal communication, 1999) to 10 to
30 g (J.M. Curtis, Dow Corning Corporation, personal communication, 1999) to a maximum
upper limit as high as 100 g (with a lower average value; R. Duhamel, McGhan Medical
Corporation, personal communication, 1999). Also, these weights are dependent on im-
plant model and whether the shell is smooth or textured.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9602.html

SILICONE TOXICOLOGY 111

therefore, could vary from 1 or 2 pug to 10 mg as an upper limit in Dow
Corning, Mentor or McGhan implants.

The toxicology of inorganic and organic tin was reviewed extensively
for the U.S. Public Health Service (Agency for Toxic Substances and Dis-
ease Registry, 1992) and a few studies of particular tin soap catalysts are
available from industry. Human data for organotins are sparse to nonex-
istent as are experimental animal data on parenteral exposures. The hu-
man permissible industrial exposure limit for organotin of 0.1 mg/m?3
calculates to a maximum exposure of 14.3 mg/kg per day (American
Council of Governmental Industrial Hygienists, 1998). In general, animal
data indicate oral toxic levels at more than 10 mg (for the most toxic),
although absorption of oral doses is poor, and on inhalation no observ-
able adverse effect levels (NOAELs) over 1 mg/m3. RTV elastomer with
stannous octoate was implanted under the skin, intraperitoneally and
subdurally in rats. Although no toxic or carcinogenic effects were ob-
served over 22 months, this early study was not designed to examine tin
toxicity (Agnew et al., 1962). Other similar implant studies of stannous
octoate catalyzed elastomers were also negative but were not designed to
evaluate tin (Nedelman, 1968). Likewise, Dow Corning elastomers with 1,
3 and 5% stannous octoate were implanted subcutaneously and intramus-
cularly in rabbits for 10 or 30 days, and no clear dose response was ob-
served, only the usual foreign body reaction. In another Dow Corning
study, the oral LD, was 3.4g/kg (R. Meeks, Dow Corning, personal com-
munication, 1999). Studies of dibutyltin dilaurate found LD, levels rang-
ing from 85 mg/kg intraperitoneally to between 175 and 1240 mg/kg
body weight orally. In general, these substances were not carcinogenic
(Agency for Toxic Substances and Disease Registry, 1992; American Con-
ference of Governmental Industrial Hygienists, 1998; Clayton and
Clayton, 1994; Hazardous Substances Data Bank; Mellon Institute of In-
dustrial Research, 1994; National Cancer Institute). These data suggest
that toxic effects of even the most toxic (triorganotins—which have not
been found in breast implants) tin compounds are seen at doses above
those possible from breast implants even in the most unlikely event of
complete release of all the tin into the breast. Moreover, the tin in breast
implants appears to be of relatively low toxicity among organic tin com-
pounds, and given the difficulty in extracting it, as noted above, and the
durability of silicone elastomer, as noted elsewhere in this report, un-
likely to be significantly available to surrounding tissues. The committee
concluded that there is currently no evidence for toxic effects of retained
tin catalysts at the very low exposures likely from silicone breast im-
plants.
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CONCLUSIONS

Historically, silicone toxicology has tended to focus on short-term,
acute and subacute studies and has suffered from a proportionate dearth
of chronic, lifetime, and immunologic studies, as noted earlier in this
chapter. Presumably, this reflects early conclusions that silicones were
inert. Some silicones have clear biological effects. None can be said to be
inert, if this implies an absence of tissue reaction, but the term has per-
haps been a used as a proxy to indicate that the toxicity of many silicones
is of such low order that they comprise a useful class of biomaterials for
medical implants.

Older silicone toxicology studies have deficiencies by current stan-
dards, but the body of toxicological information is substantial and im-
proving. More chronic studies are being done, although modern regula-
tory requirements will undoubtedly generate a closer identification of
silicones (and other substances) in implants and more specific toxicologi-
cal studies of appropriate duration. Nevertheless, no significant toxicity
has been uncovered by studies of individual compounds found in breast
implants. Toxicology studies have examined carcinogenic, reproductive,
mutagenic, teratologic, immunotoxic, and local and general toxic and or-
gan effects by exposure routes that are varied and range to very high dose
levels. Even challenges by doses that are many orders of magnitude higher
than could be achieved on a relative-weight basis in women with silicone
breast implants are reassuring. Toxic effects that have been found occur at
very high, even extreme, exposure levels (e.g., D,, D;). The fact that some
organic silicon compounds may have, as one would expect with any large
family of chemical compounds, biologic or toxicologic effects is not rel-
evant to women with breast implants since these compounds are not
found in breast implants, as noted here and in Chapter 2.

Studies using whole fluids, gels, elastomers, or experimental implant
models injected or implanted in ways that are directly relevant to the
human experience with implants are also reassuring. These studies show
that depots of gel, whether free or in implants, remain almost entirely
where injected or implanted. Even low molecular weight cyclic and linear
silicone fluids appear to have low mobility. Half-lives of low molecular
weight silicones in body fluids and tissues have been measured infre-
quently, but known values appear to be on the order of 1 to 10 days. In
general, there do not appear to be long-term systemic toxic effects from
silicone gel implants or from unsuspected compounds in these gels or
elastomers detected by these animal experiments.

Some have speculated that platinum found in silicone gel and elas-
tomer may be responsible for allergic disease in women with silicone
breast implants. Very little platinum, microgram quantities, is present in
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implants, most investigators believe it to be in the zero valence state, and
it likely diffuses through the shell at least over a considerable period of
time. Evidence for resulting systemic disease at such exposures is lacking.
Toxicological studies of tin compounds used in silicone breast implants
are scarce, and generally not of parenterally administered tin. The data on
organotins indicate that tin catalysts are among the less toxic, and they
have not been extractable from implants shells by saline and some or-
ganic solvents. Based on the data available, the committee concluded that
evidence is also lacking for tin toxicity at the very low amounts present in
saline implants and at the virtually absent levels in gel filled implants.
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Reoperations and Specific Local and
Perioperative Complications

INTRODUCTION

This chapter addresses the frequency of local and perioperative com-
plications associated with breast implants. Later chapters of this report
deal with long-term safety, particularly in terms of cancer and connective
tissue disease. Local and perioperative complications are important out-
comes in their own right, and to the extent that they lead to significant
further medical interventions or impair the achievement of expected and
desirable results, they are also relevant to implant safety. Five-year
reoperative or secondary surgery rates or average number of implants
placed per breast or per woman provide approximations of the sum of
these complications. They are important to safety because, even though
breast surgery is of low systemic morbidity, every operation and the at-
tendant anesthesia carry risk. Many of the same complications that occur
when implants are placed may occur when they are removed, revised, or
replaced, e.g., infection, hematoma or seroma, pneumothorax, tissue ne-
crosis (Rohrich et al., 1998a). Furthermore, other interventions such as
closed capsulotomies, extra manipulations for mammographic screening
or diagnosis, and medical care for rash, pain, infection and the like are
often not included in reoperation and multiple replacement data and can
be contributors to, or comorbidities with, the need for surgery. These
other interventions can be very frequent; for example, as many as 192
closed capsulotomies in 140 patients (254 implants) have been reported
(Brandt et al., 1984). Patient satisfaction, or the lack of it, is another indica-
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tor that can generate further interventions, as noted in Chapter 1. It should
be kept in mind with respect to the following discussion that implants,
surgical experience, surgical techniques, and perhaps other factors have
evolved since the studies reported here were undertaken, so current expe-
rience may differ. This argues for careful prospective studies as the com-
mittee concludes at the end of this section.

This chapter addresses the following topics because they have signifi-
cant effects on implant safety: reoperation or secondary procedures as
indicators of overall frequency of local and perioperative complications;
aggregate complications in breast reconstruction; aggregate complications
in breast augmentation; rupture and deflation; factors contributing to loss
of implant shell integrity; detection of gel implant rupture; strength and
durability of implant shells; frequency of implant rupture and deflation;
description of implant fibrous tissue capsules and contractures; capsular,
local breast, and distant tissue exposures to silicone and their complica-
tions; frequency of saline implant capsular contracture; barrier implants
and contractures; effect of implant surface and contracture; effect of local
adrenal steroids and contracture; presence of bacteria around implants,
antimicrobial treatment and contracture or other complications; hemato-
mas, their frequency and relationship to contractures; the effect of im-
plant placement on contracture; and other relevant complications includ-
ing pain.

Many other local and perioperative complications in addition to those
noted above require explantation or other secondary surgical or medical
interventions. A reasonably complete list (see Table 5-1) would include
fibrous contracture of the implant capsule; gel implant rupture (with or
without migration of silicone gel outside the capsule) or saline implant
deflation; filler port or implant valve malfunction; shell folds or wrin-
kling; infection of the surgical wound; infection around or within the
implant; infection associated with toxic shock syndrome; hemorrhage and
hematoma; seroma; swelling of the breast; various skin rashes and other
skin manifestations such as localized morphea; epidermal proliferative
reactions (Spiers et al., 1994); middermal elastolysis; edema; blistering;
cysts (Copeland et al., 1993); ulceration; necrosis of the skin, nipple or
mastectomy or reconstruction flap; exudation of silicone through the skin
or from the nipple (Erdmann et al., 1992; Leibman et al., 1992; McKinney
et al., 1987); implant extrusion, misplacement, or displacement; silicone
granuloma; axillary adenopathy; sensory loss and paresthesia; pain; ab-
normal lactation (Hartley and Schatten, 1971; Mason, 1991) and/or galac-
tocele (DelLoach et al., 1994; Johnson and Hanson, 1996); thoracic skeletal
asymmetries (Dickson and Sharpe, 1987; Peters and McEwan, 1993); pneu-
mothorax (Brandt et al., 1984); and calcification. “Bleed” or diffusion of
small quantities of mostly lower molecular weight linear (and cyclic) sili-
cone gel fluid compounds through the silicone elastomer shell (and to a
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TABLE 5-1 Reported Local and Perioperative Complications

Implant fibrous capsular contracture Skin rashes
Gel implant rupture (intra- and Skin blistering, cysts, and necrosis
extracapsular) Swelling of the breast
Gel migration Nipple or flap necrosis
Silicone granuloma Implant extrusion
Axillary adenopathy Implant misplacement
Silicone exudation through skin or Implant shifting or displacement
nipple Acute and chronic breast and chest wall
Saline implant deflation pain
Implant filler port or valve leakage Loss or change in sensation of the breast
Operative wound infection or nipple
Peri-implant infection Chest wall skeletal changes
Intra-implant infection Pneumothorax
Infection with toxic shock syndrome Peri-implant calcification
Hemorrhage at the operative site Lactation and galactocele

Peri-implant hematoma or seroma

lesser extent outside the fibrous capsule) is also reported as a complica-
tion, but gel fluid diffusion is intrinsic to the design and physical charac-
teristics of gel-containing implants (see Chapter 3 of this report).

Many of these complications have been cited in the approximately
100,000 adverse event reports to the Food and Drug Administration (FDA)
summarized by Brown et al. (1998). This chapter does not rely on that
reporting system, however. The FDA system is sensitive to national pub-
licity and includes voluntary reports, which frequently consist of undocu-
mented assertions (Brown et al., 1998), and is therefore subject to distor-
tions of the frequency and nature of implant adverse effects.

OVERALL FREQUENCY OF LOCAL COMPLICATIONS

Several studies with representative cohorts of 583 to 7,008 women
address the frequency of secondary interventions in saline- and gel-filled
implants for both augmentation and reconstruction (Gabriel et al., 1997;
McGhan Medical Corporation, 1998; Mentor Corporation, (1992). Gabriel
et al. (1997) reported that 178 (23.8%) of all 749 Olmstead County women
of the usual age distribution, noted in Chapter 1, who were implanted at
the Mayo Clinic (95% with gel-filled implants) had clinical indications
requiring reoperation ranging from explantation to drainage of a he-
matoma over an average 7.8-year follow-up after implantation. This
amounted to 18.8% of the 1,454 breasts implanted. Multiple complications
occurred in 61% of these. Although the incidence of complications requir-
ing surgery after augmentation or reconstruction did not differ at two
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months, by the end of the fifth year when 83% of all first complications
had occurred, the percentage of patients with complications after recon-
struction (30-34%) was almost threefold that after augmentation (12%).
Only surgical complications were analyzed, and some that may be impor-
tant, such as silent ruptures, may have been missed. The frequency of
complications reported in this study is consistent with the frequencies
reported in other studies cited later, especially given the long average
follow-up in this series.

The McGhan AR90 preliminary report (McGhan Medical Corpora-
tion, 1998) describes the 583 women of the usual age distribution who
agreed to participate in this study and received McGhan 1990s, mostly
textured, single- and multilumen gel-filled implants, 549 for augmenta-
tion and 34 for reconstruction, with a five-year follow-up. In this cohort,
23% of augmented women and 42.4% of reconstructed women required
secondary surgery ranging from explantation to evacuation of hematoma
or seroma, to correction of implant placement or contracture, to biopsy
during the five-year study period. These are underestimates because im-
plant rupture was diagnosed by physician evaluation; and therefore a
number of silent ruptures were likely missed. Explantation is overesti-
mated since about one-third (or roughly 6 and 14% of augmentation and
reconstruction secondary surgeries, respectively) were at patient request
because of safety concerns prevalent during the entry period (1990-1992)
of this study not because of clinical indication.

The McGhan large simple trial (LST) (McGhan Medical Corporation,
undated) was a one-year prospective observational study of all 2,855
women of the usual age distribution who agreed to participate in this
study and received McGhan 1990s, predominantly textured, room tem-
perature vulcanized (RTV) saline-filled implants, 81.1% for augmenta-
tion. Women entered this trial in 1995 and 1996. The cumulative results
after a year for four complications (infection, deflation, explant, and se-
vere [Baker Class III or IV] capsular contracture) were 18.9 and 35.9% of
women following augmentation and reconstruction (includes revisions),
respectively. These figures are more reflective of actual clinical conditions
since saline implant deflations are likely to be observed, and women are
much less likely to have requested explantation of saline implants on
nonclinical grounds. While secondary surgical frequencies were not iden-
tified as such, they are likely quite similar although probably slightly
higher than the cumulative percentage for the four complications, since
these complications are highly predictive of surgical intervention. Addi-
tional complications in this cohort will occur in the one- to five-year inter-
val. Comparison of these results with overall complications of the previ-
ously cited AR90, long follow-up gel-filled implants is inappropriate.

Women receiving Mentor gel-filled implants (and some receiving ex-
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panders) were enrolled in the company’s adjunct study. At the three-year
follow-up, there were 3,559 women with reconstructions and 3,449 women
with augmentation, almost all with low-bleed, gel-filled implants. The
overall frequency of infection was 2.8-4.3% in reconstructions and 1.3% in
augmentations. The overall Class III-IV contracture prevalence was 12—
13% in reconstructions and 11% in augmentations. The overall frequency
of rupture was 1.3-1.7% in reconstructions and 0.7% in augmentations—
but these ruptures were determined by physical examination only
(Purkait, Mentor Corporation., IOM Scientific Workshop, 1998).

In addition to these studies, Gutowski et al. (1997) reported the out-
comes of 504 patients with 995 predominantly Heyer-Schulte-Mentor sa-
line implants in an 11-center retrospective cohort study. These patients
represented the 41.5% of those identified by the plastic surgery centers
that were successfully interviewed, but it is not clear how patients were
identified or what proportions of the total number of women with im-
plants at the centers were identified. This uncontrolled accession of pa-
tients raises significant concerns about the interpretation of any results.
Implants were placed almost entirely (93.8%) for augmentation, evenly
divided between submuscular and submammary positioning in 1980-
1989, and were followed for an average of six years. Of these women,
20.8% underwent secondary surgery, primarily for replacement, removal,
or capsulotomy. The complications of infection (0.2%), hematoma (1.6%),
and seroma (0.1%) were infrequent. Deflation occurred in 55 implants
(5.5%) and 51 women (10.1%). Deflation (and rupture) frequency differed
by implant model. Only about 4.2% of the predominant late model RTV
implants deflated. These probably represent minimum figures (Gutowski
et al., 1997).

Fiala et al., (1993) reported the results of a survey of 106 women
representing 62.9% of a cohort of 167 women who could be located from
the original 304 women who had undergone breast augmentation from
1973-1991. Their implants were primarily smooth silicone gel (70.8%) but
also included some polyurethane-coated (27.1%) and a few textured im-
plants. In this survey, 73.9% of women reported being “highly satisfied,”
19.8% of women underwent secondary surgery, and the complications
were mostly contractures. Contractures occurred more often as time pro-
gressed and significantly more in submammary than submuscular im-
plants. There were fewer contractures, though not statistically signifi-
cantly, around the polyurethane compared to the smooth implants (Fiala
etal,, 1993). Edworthy et al. (1998), surveying the experience of a popula-
tion of 1,112 unselected women with silicone gel-filled implants, found
that 214 women (19.25%) had undergone secondary surgical procedures
and 38.5% of breasts implanted (average of frequencies reported for left
and right breasts) had Class III-IV contractures. The odds of a woman
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needing more than one implant per breast over time are high, and place-
ment of as many as 16 implants per woman has been reported (Roberts et
al., 1997). In one small cohort of 52 mostly (67%) augmented women who
agreed to participate in the study, out of 138 consecutive women with
breast implant problems, the average was 3.19 gel implants per woman
over an average of 11.9 years (Wells et al., 1995). In another small cohort
(N = 60) of consecutive women undergoing immediate reconstruction
with expanders, 2.78 operations were required on average for each
woman, 0.78 for complications and 2.00 for original expander insertion
and the following permanent implant replacement (Slavin and Colen,
1990). Shanklin and Smalley (1998a) reported 3.45 implants per women in
a small experience (N = 130) with patients self-selected for problems and
a 49.3% frequency of procedures in addition to implant replacement in-
cluding 15.4% closed capsulotomies. Although the data were reported in
a way that made it difficult to aggregate them, each woman appeared to
have undergone 1.8 to 1.9 operations, many of which were on the normal
breast for correction of asymmetry in the series of 109 women with de-
layed postmastectomy reconstructions reported by Houpt et al. (1988).
Worseg et al. (1995) reported 83 secondary operations in a cohort of 77
women implanted with inflatable (saline or dextran) Heyer-Schulte-Men-
tor implants with a mean follow-up of nine years. There was an average
of 1.08 secondary operations per woman, predominantly for deflation
(23.9%) or severe contracture (37.6%). Similarly, Middleton (1998b) re-
ported a series of 1,251 women seen since 1992 at the University of Cali-
fornia at San Diego with a diverse array of implants who were referred for
magnetic resonance scans because of suspected implant problems. He
found that 15.35, 30.56 and 45.19% of these women required replacement
implants within five years following augmentation, cancer mastectomy,
and prophylactic mastectomy, respectively. This population, which was
referred for problems, averaged 1.54 implants per breast (Middleton,
1998Db).

These studies covered different follow-up periods, different kinds of
implants, and different indications for implantation. Some were surveys,
some record reviews, and some prospective observational trials. Each
group was of unknown relation to the total group from which it was
selected with respect to the events being studied. The results, therefore,
cannot be compared scientifically. Although a quantative estimate is not
possible, it appears that a significant number of women can expect addi-
tional procedures in the first five years after implantation. Women with
implants for reconstruction and with gel-filled implants appear more
likely to be at the upper end of the range of frequency.
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Breast Reconstruction After Mastectomy

Perioperative and local complications are significant medical and pa-
tient events. Some complications are procedure related, that is, they would
occur independent of the presence of an implant, and some are implant
dependent and may vary with the characteristics of the implant, as noted
in Chapter 3. This is particularly clear in reports that compare periopera-
tive complications in reconstructions after mastectomy with matched
mastectomy patients without reconstruction, in a sense “operative con-
trols.” O’Brien et al. (1993) in a short follow-up study, reported a similar
complication frequency of 28% (N = 82) in 289 mastectomized women
who were not reconstructed, compared with 31% (N = 35) in 113 women
who were reconstructed, primarily with subpectoral expanders, after
mastectomy. Most perioperative complications were the same, but
seromas requiring one or more aspirations were present in 19% (N = 55)
of those without reconstruction and only 3% (N = 3) of those with recon-
struction. Implant-related problems occurred in 14% (N = 16) of the recon-
structed women, including eight who required explantation (O’Brien et
al., 1993). Vinton et al. (1990) in a study primarily about immediate, surgi-
cal complications, reported a similar total complication rate of 48% in 305
women undergoing modified radical mastectomy without reconstruction
and 37% in 90 women with mastectomy and immediate reconstruction,
primarily with expanders. Again, seromas were more frequent in the
nonreconstructed group (30% versus 13%), and the reconstructed group
had a 6% prosthesis complication rate with 4% requiring explantation
(Vinton et al., 1990).

With respect to total short-term complications in reconstruction, these
reports suggest that the implant may prevent seromas. Other complica-
tions such as infection, hematoma, and epidermolysis or skin necrosis
occur with about equal frequency in women undergoing mastectomy who
have implants and those who do not. The frequencies of early complica-
tions in implanted and nonimplanted women after mastectomy are
roughly equal in these reports, but implant related complications are un-
derestimated because of the short follow-up. Comparisons such as these
are not possible in augmented patients because there can be no operative
controls. In reconstruction after mastectomy, surgery is a precondition
and the avoidable risk is only the implant-dependent fraction; in aug-
mentation, surgery is not a precondition, and the risks of silicone im-
plants may not be as separable from the operative risks. Implant technol-
ogy designed to minimize risk is important in both instances.

Similar results are reported from case series of implant patients.
Noone et al. (1985) reported on 85 women undergoing immediate recon-
struction after mastectomy with saline and double-lumen implants with
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short follow-up and the usual complications of skin necrosis (15%),
seroma or hematoma (12%), extrusion (4%), infection (2%), and severe
contracture (11%)—or 44% overall—15% of which (contracture, extru-
sion) were clearly implant dependent. In addition, secondary surgery
later was required for open capsulotomy and explantation in 14.4%.
Francel et al. (1993) reported 57% revision surgeries with permanent sa-
line implants or expanders in immediate reconstruction after mastectomy
and 30% in delayed reconstruction, with minor complication frequencies
of 8.1 and 14% respectively, and implantation failures of 3.5% in both
groups. Eberlein et al. (1993) reported 19 (27%) secondary surgical proce-
dures (replacement or capsulotomy) and 8% prosthetic loss in 71 women
with submuscular double-lumen implants after mastectomy, and Bailey
et al. (1989) reported 18% implant loss in 165 women reconstructed with
submuscular expanders or gel implants. Crespo et al. (1994) reported 115
consecutive implant reconstructions at the time of mastectomy using
McGhan double-lumen smooth implants. Secondary surgery was per-
formed in 20% of these women, and there were 5% infections, 8% explan-
tations, 11% seroma or hematomas and 3% tissue flap necroses (Crespo et
al., 1994).

Gylbert et al. (1990a) reported breast reconstruction in 65 women
with randomly selected gel or saline implants followed for an average of
six years: 6 of 37 (16%) patients with saline implants required replace-
ments because of deflations, and three other operations were needed for
misplacement, severe contracture and extrusion (8%). This study was pri-
marily of contracture and is reviewed again later in this chapter. Using
expanders and gel implants for immediate and delayed reconstruction,
Slavin and Colen (1990) had an overall complication rate of 60% (among
them, 15% seromas, 13.3% skin necrosis, 8.8% extrusion, 6.7% infection) in
60 consecutive immediate reconstructions involving expanders. Kroll and
Baldwin (1992) had 23% “failures” (poor aesthetics or failure to complete
reconstruction) at 22 months’ follow-up in 87 women reconstructed im-
mediately with expanders, followed by permanent replacement with poly-
urethane or other gel-filled implants.

Schlenker et al. (1978) studied 89 women with immediate or delayed
reconstruction after simple mastectomy for fibrocystic disease over 6
months to 12 years. They removed implants in 28% of these patients for
infection, extrusion or necrosis. Using primarily the Mentor 1600 inflat-
able saline implant, Schuster and Lavine (1988) reported 98 women un-
dergoing immediate submuscular reconstruction after subcutaneous pro-
phylactic mastectomy over a nine-year period. Eighteen patients suffered
tissue loss, and there were three extrusions, among a number of less
troublesome complications (Schuster and Lavine, 1988). In a study of
wound complications in implant or expander immediate breast recon-
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structions in 112 women, Furey et al. (1994) observed complications in 25
patients (22.3%) and removed 8 implants; other complications were not
reported. Camilleri et al. (1996) reported 111 consecutive women recon-
structed using the Becker (reverse double-lumen, gel outside) permanent
expander with an average follow-up of only one year. Complications
more typical of expanders, such as wound dehiscence (8%) and filling
port failure (6%), occurred in addition to contracture (9%), expander in-
fection and removal (5%), skin flap necrosis and expander exposure (5%),
and other sequelae such as pain on expansion (20%). Despite these com-
plications, 89% of women expressed satisfaction to the plastic surgeon on
follow-up (Camilleri et al., 1996).

Gibney (1987) using CUI or Heyer-Schulte expanders for reconstruc-
tion in 65 women with three to seven years of patient follow-up, reported
5.8% of breasts with contractures, 2.5% with infections, and 4.5% with
deflations, resulting in loss of the implant in 4.6%. Mandrekas et al. (1995)
compared 19 women with immediate to 25 women with delayed recon-
struction using subpectoral smooth tissue expanders after cancer mastec-
tomy. The longest follow-up was seven years, but most complications
were assessed by one year. These included one seroma, one infection, one
skin necrosis, one valve deflation, ten Class II-IV contractures and two
malpositions—16 complications in 15 (34%) women, more frequent in
delayed reconstruction. There were no rheumatic complaints (Mandrekas
et al., 1995). Mahdi et al. (1998) carried out a prospective trial using the
McGhan reverse double-lumen expander in 16 immediate and 4 delayed
subpectoral reconstructions followed for an average of 10.1 months. There
were seven reoperations for correction of placement, one hematoma, and
two filler port problems. Follow-up was insufficient to evaluate rupture
or contracture (Mahdi et al., 1998).

Spear et al. (1991) reported 76 women with 89 double-lumen implants
for immediate reconstruction, randomized to 16 mg methylprednisolone
in the outer saline lumen or to controls. Except for a lower frequency of
contracture in the steroid group, the two groups were comparable three
years after implantation. There were a total of 38 operative revisions, 2
significant infections, 3 extrusions, 16 fluid collections, 6 instances of skin
necrosis and 26 Class II-IV contractures. Spear and Majidian (1998) subse-
quently reported 171 immediate postcancer mastectomy reconstructions
with textured McGhan expanders in 142 women. Expanders were mostly
replaced by textured saline implants, and follow-up after completion of
reconstruction averaged 19 months. There were 14 (8.1%) skin necroses, 2
(1%) hematomas, 6 (3.5%) infections, 8 expanders and 11 implants (6.4%)
requiring replacement and 5 (3%) significant capsular contractures. Equal
or better results using textured expanders were reported by Fisher et al.
(1991; see also Maxwell and Falcone, 1992; Russel et al., 1990; Beasley,
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1992 who reported infrequent loss of expanders and rare contractures). In
a review of a large experience with saline expanders (currently the most
widely used technology for reconstruction according to the 1997 Ameri-
can Society of Plastic and Reconstructive Surgeons [ASPRS] survey),
Woods and Mangan (1992) implied that results at the low end of reported
complications could be achieved through experience and care.

As earlier, these studies include a number of variables. However, based
on these reports, it appears that women, historically, could expect early
(postoperative) complications, up to 30%—40% after reconstruction with im-
plants, because reconstruction typically involves a significant surgical pro-
cedure to begin with (i.e., mastectomy for breast cancer). In addition to the
surgical complications from mastectomy and implantation, there are the
usual complications that depend on the presence of the implant.

Breast Augmentation

Using Mentor implants for submammary augmentation, with a fol-
low-up of four or more years for 87%, Capozzi (1986) reported 3.4% of
breasts with contractures, 3.4% with deflations at intervals from nine
months to seven years, and 100% satisfaction in 100 women between 1976
and 1985. Cocke (1994), using Heyer-Schulte-Mentor saline implants in
75 women for augmentation, mostly submammary, followed for 1.5 to 13
years, reported 29% (N = 22) secondary surgeries and 52% (N = 39) com-
plications (23 contractures requiring treatment). McKinney and Tresley
(1983) reported a series of 58 women using Heyer-Schulte saline implants
in the submammary position, with a number of complications including
deflation (N = 9), infection (N = 4), capsules (N = 14), and hematomas (N
=9). In a letter report, Bell reported 10 deflations on average at 32 months
of the same implant model in a series of 193 women (Bell, 1983).

Others have reported very infrequent failures. Mladick (1993) sum-
marized results from his experience with saline augmentation over 17
years in 1,327 women with 9.1% secondary surgery. Most of these im-
plants were modern RTV saline inflatables, but high termperature vulca-
nized (HTV) saline implants had been used earlier. Although the average
follow-up was short, only 28 months, as is often the case, the deflations of
the older implant models were 37.7% compared to the 1.33% for the more
recent model, and complications were infrequent, mainly contractures in
1.1% of breasts, and no infections (Mladick, 1993). Frequent deflations (5-
8%) were reported with the early saline models by others (Grossman,
1973; Regnault et al., 1972). Lavine (1993) reported placing 2,018 saline
implants, with 4.2% of patients needing revisions, 1.1% Class III-IV con-
tractures, and 2.3% deflations of all implants, but only 0.56% deflations of
recent model Heyer-Schulte inflatables. The follow-up of these implants
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ranged from 6 months to 13 years (Lavine, 1993). These reports also in-
clude a number of different variables, but they generally find a lower
complication frequency, more consistent with the overall reoperation fre-
quencies cited earlier, which were based mostly on results of women with
implants for augmentation.

SPECIFIC COMPLICATIONS

The important events for the safety of breast implantation are those
that require significant interventions and seriously detract from the de-
sired cosmetic objective. These include gel implant rupture (especially
extracapsular) or saline implant deflation, severe contracture, infection,
significant hematoma, severe and continuing pain, granuloma and axil-
lary adenopathy, and implant displacement and extrusion. These are
events that may require surgical revision, extensive medical or surgical
attention or explantation, or leave the patient with deformity and discom-
fort. The occurrence of individual local and perioperative complications
varies enormously among reports. Differences in complication frequency
result from multiple factors: (1) individual unexplained variability in bio-
logical reaction to the device (e.g., fibrous capsular contractures); (2) dif-
ferences in women’s ages, physical conditions, habits, comorbidities and
indications for implantation; (3) differences in types of implants and their
physical and chemical characteristics, as described below and in Chapter
3; (4) differences in the design, adequacy, and reporting of clinical and
basic research that may distort the true biological and medical picture;
and (5) variable techniques and skills of surgeons and other medical per-
sonnel (e.g., operative techniques and skill and/or coincident medical
interventions such as antibiotics, antiseptics, closed capsulotomies, ste-
roids, treatment for cancer, and others).

In the discussions that follow, evidence for the contributions of these
factors to a particular complication or the frequency of complications is
reviewed. In some instances, a role is likely but speculative. In other
instances, there are data to support objective statements, at least of lim-
ited or suggestive evidence of an association. Although a great deal has
been learned, much more work on biologic variation is needed to fully
understand the influences of this factor. As noted earlier, there are differ-
ences in the frequency of complications in women who receive implants
for augmentation and for reconstructions and in those with immediate
and delayed reconstructions. Although age may not influence most com-
plications, the amount of body tissue and fat available for implant cover-
age, habits such as smoking or alcohol abuse (which could affect tissue
viability), and significant medical illness (diabetes) are reported to make a
difference (Cohen et al., 1992). Implant types and characteristics are im-
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portant in a number of ways, as noted here and Chapter 3. Deficiencies in
design and reporting of research may result in confusing or even mislead-
ing or incorrect information concerning complications. These problems
are mentioned elsewhere in this report. Differences in surgical skill or
technique may also play an important role. It seems intuitively reasonable
that this should be so, given the great variation in reported results, which
often appears to have no other obvious explanation. Although few stud-
ies explore these factors, techniques, and skills, some reports claim that
they are critical in explaining frequencies of hematoma, infection, con-
tracture, or other complications that differ greatly from the average val-
ues cited in the medical literature (e.g., Freeman, 1967; Mladick, 1993).
The roles of some of the specific medical interventions are detailed fur-
ther below.

In addition, several major operative approaches to implant placement
are described in the medical literature (Salomon and Barton, 1997). The
operative incision can be made in the axillary fold (and the implant placed
under direct vision or endoscopically), in the circum- or periareolar posi-
tion, or in the inframammary fold. The implant can be placed subcutane-
ously, under the mammary gland on the chest muscles (submammary,
subglandular), or under the chest muscles (submuscular, subpectoral),
depending on the status of the breast and a number of other factors in-
cluding surgeon-patient preferences. The axillary incision is generally
not visible unless the arm is raised; the inframammary incision lies under
the breast and is covered by normal clothing. Circum- or periareolar inci-
sions are usually around the inferior pole of the nipple-areolar complex
from 9 o’clock to 3 o’clock. Some of these approaches may give better
operative exposure for control of bleeding or may allow greater ease of
insertion of bulky implants. They may also make operative scars, which
can be unsightly in 2 to 5% of patients, less visible (Baker, 1992). Some
concern has been expressed also that periareoloar incisions may be more
likely to interfere with subsequent lactation and breast feeding (see Chap-
ter 11). The periareolar approach may interrupt some lactiferous ducts,
but inferior pedicle mammaplasty interrupts ducts substantially, and
many women are said to breast-feed successfully after this procedure.
Some have speculated that any interference with breast feeding may be
due to compression by the implant. In any event, no conclusive evidence
was found that these different surgical approaches have significant influ-
ences on complications related to the safety of breast implants.

Implant Rupture and Deflation

All silicone gel implants are subject to the bleed or diffusion of gel
fluid composed of relatively low molecular weight linear and cyclic sili-
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cone compounds through the implant silicone elastomer shell. The com-
pounds range in molecular weight from 5,200 to 400,000 but are primarily
less than 25,000 or 10,000 in implants without or with barrier shells. The
higher molecular weight compounds may be from uncross-linked shell
silicones (Varaprath, 1991, 1992). The large, highly cross-linked poly-
(dimethlysiloxane) (PDMS) molecule of the gel cannot diffuse through
the shell, and gel does not appear outside the implant unless there is a
physical passage caused by a breach in the integrity of the shell. Diffusion
is potentially important if silicone fluid or other substances inside the
implant are toxic, if low molecular weight compounds can permeate the
capsule and get into the circulation or into local lymph nodes with ad-
verse effects, or if the fluid contributes to local reactions such as capsule
formation, infection, or local effects that have systemic consequences. As
the implant ages, silicone penetrates intact capsules and appears in breast
tissue outside the capsule more often. This does not necessarily relate to
frank ruptures or result in granulomas or adenopathy, however (Beekman
et al., 1997a). These questions are taken up elsewhere in this report.

Factors Contributing to Loss of Shell Integrity

Silicone gel fluid is regularly found on and outside the shells of gel-
filled implants. Implant rupture, a loss of integrity of the implant shell of
varying severity, is diagnosed only when silicone gel itself is present
outside the implant. This may occur, at one end of the spectrum of sever-
ity, through tiny flaws or pinholes in the shell, such as these caused by
inadvertent needle sticks during suturing at implantation (Goldwyn,
1969), open capsulotomy, or other surgery, or through injection, needle
biopsy or aspiration of seromas and hematomas. Wrinkles or folds are
observed in 15-67% of measurable gel or saline implant shells by methods
such as palpation, mammography, or observation at explantation (Frankel
et al., 1995; Ganott et al., 1992; Gylbert et al., 1990a; Rolland, 1989a). Ex-
plant cases may not be representative and are probably high-end esti-
mates. Tears can occur because a shell distorted by folds abrades itself
through the continuous motion of the breast and implant on the chest
wall or through muscular contraction over a submuscular implant
(Schmidt, 1980). Such abraded areas can be detected by scanning electron
microscopy (Young et al., 1996a). Older implants and those with tight
capsules have been noted to have significant distortion, folding, and often
calcification which suggests ample opportunity for wear (De Camara et
al., 1993). Some of these defects may not be visible to the eye, but they
have been characterized by scanning electron microscopy that can define
small fold flaws and suture needle holes (Brandon et al., 1997a,b).

The breast may be subjected to considerable compressive force dur-
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ing squeezing maneuvers to break fibrous capsules in closed cap-
sulotomies (Gruber and Friedman, 1978) and when greater-than-
necessary compression is used during routine film mammography or
mammography modified for better visualization of breasts with implants
(Eklund et al., 1988). Both of these maneuvers have been associated in
some reports with implant rupture or deflation and rarely with other
complications such as infection, gel migration, silicone granulomas and
exudation of gel from the skin and nipple, or conversion of intra- to extra-
capsular rupture. During mammography, this is very unusual and rarely,
if ever, has been proved conclusively and should not discourage mammo-
graphic screening for breast cancer (Addington and Mallin, 1978;
Andersen et al., 1989; Apesos and Pope, 1985; Argenta, 1983; Bassett and
Brenner, 1992; Beraka, 1995; Brandt et al., 1984; Cocke, 1978; Cohen et al.,
1997; De Camara et al., 1993; Edmond and Versaci, 1980; Eisenberg and
Bartels, 1977; Eklund, 1990; Feliberti et al., 1977, Goin, 1978; Gruber and
Jones, 1981; Hawes, 1990; Huang et al., 1978; Hueston and Hare, 1979;
Laughlin et al., 1977; Pay and Kenealy, 1997; Pickford and Webster, 1994;
Renfrew et al., 1992; Robinson et al., 1995; Scott et al., 1988; Wilflingseder
et al., 1983; Williams, 1991; Zide, 1981).

Recurrence of contracture after either open or closed capsulotomy is
substantial when patients are followed long enough and has been re-
ported to range from 23 to 89% (Baker et al., 1976; Brandt et al., 1984;
Burkhardt et al., 1981; Hetter, 1979; Hipps et al., 1978; Little and Baker;
1980; Moufarrege et al., 1987; Vecchione, 1977). Complications after closed
capsulotomy are reported to reach 10%-12%. and primarily involve dis-
tortion, displacement, rupture (with migration of gel), infection, and
bleeding. Rarely, severe persistent pain and extrusion, among other com-
plications, may also occur (Gruber and Jones, 1981; Laughlin et al., 1977;
Nelson, 1980a). Such data support those who question the wisdom of this
procedure. In a follow-up to his survey of closed procedures, Nelson
(1981) reported a complication prevalence in 5,579 open capsulotomies of
6.24%, primarily hematoma, displacement, and infection.

Open (operative) or closed capsulotomies have significant safety im-
plications because they have historically been performed, often repeat-
edly, on women with contracture of the implant fibrous capsule. These
procedures may be performed in a third to almost all cases, depending on
surgeons’” and women'’s tolerance of this complication and confidence in
the effectiveness of the procedure (see above references and those in the
discussion of contractures). Peters et al. (1997) reported that in their series
of 100 consecutive explants, 36% had had at least one closed and 54% at
least one open capsulotomy. Baker (1975) commented that he performed
open capsulotomies in all Class IV and 50% of Class III contractures and
had 40% recurrences. He performed closed capsulotomies in cases with
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any firmness, repeated without limitation, and had 31% recurrences
(Baker, 1975). Moufarrege et al. (1987) reported doing multiple closed and
open capsulotomies on 82% (134 out of 164) of women with contractures,
28% of their series of 482 women who received silicone gel implants be-
tween 1973 and 1978. They noted that 18% of women with contractures
were satisfied despite contracture and declined further intervention. Re-
currences after closed capsulotomies occurred in 67% on the first attempt,
80% after the second attempt, and 90% after a third attempt. Similarly,
recurrences after open capsulotomies occurred in 54% after one, 56% after
two, and 71% after three attempts in the same breast. More than three
attempts to relieve contracture by capsulotomy were fruitless (Moufarrege
etal., 1987). In view of women’s tolerance for contracture without seeking
medical attention, the subjective nature of contracture assessment by sur-
geons, the loss to follow-up of women with implants, and the varying
periods of follow-up for a problem that continues to accumulate over
time (all noted elsewhere in this chapter), reports of the frequency of
contracture recurrence after capsulotomy are probably underestimates.

Gruber et al. (1981) wrote that they performed open capsulotomies in
72-100% of breasts with Class IIl and Class IV contractures. Nelson’s
(1980a) survey of closed capsulotomies found 30,001 of these procedures
in 114,617 augmentations. Capsular contracture-related procedures made
up 27.5% of secondary procedures in augmentation and 14.3% in recon-
struction in the McGhan (1998) AR90 study. Other sources of trauma,
ranging from gunshot wounds to automobile accidents to tight hugs, may
also burst the shell (Cohen et al., 1997; De Camara et al., 1993; Dellon et
al., 1980; Wise, 1994a,b). Some shells are broken or abraded during inser-
tion. Some shells that are diagnosed as ruptured are actually broken on
explantation (Slavin and Goldwyn, 1995).

At the most severe end of the spectrum of loss of integrity, the im-
plant shell can become completely disrupted and float in a pool of silicone
gel and fluid. In other instances, only small quantities of gel may escape
through small holes such as those described earlier. If the fibrous capsule
surrounding the ruptured implant is intact, it can contain the silicone in
more or less the same shape and to the same effect as the implant shell.
This occurs in what is called an intracapsular rupture. Such a rupture is
often asymptomatic, without cosmetic effect and imperceptible on physi-
cal or radiological examination. If the fibrous capsule is weakened and
bulges, a ruptured (or intact) implant can adopt, or conform to, this new
shape. If the capsule has lost its integrity at some point, varying amounts
of silicone gel can escape the capsule entirely. This gel can either rein-
capsulate close by in the breast tissue (Argenta, 1983; Mason and
Apisarnthanarax, 1981) or migrate along tissue planes to other parts of
the body, usually the axilla and chest or upper abdominal wall (Ahn and
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Shaw, 1994; Goin, 1978; Hueston and Hare, 1979). Occasionally, gel mi-
grates to even more distant sites, including inside the thoracic cage, down
the arm, or into the groin. Rarely, this causes damage to structures such as
neurovascular bundles, the formation of granulomas and cysts, and/or
the breakdown of overlying tissues (Capozzi et al., 1978; Edmond and
Versaci, 1980; Foster et al., 1983; Hirmand et al., 1994; Kao et al., 1997;
Masson et al., 1982; Persellin et al., 1992; Sanger et al., 1992; Teuber et al.,
1995b, 1999; Walsh et al., 1989). Extracapsular rupture can be present with
implants that are completely ruptured and collapsed, or it can be associ-
ated with implants that are ruptured but not collapsed (Middleton, IOM
Scientific Workshop, 1998).

Rupture of saline implants is referred to as deflation. Because saline,
unlike silicone, is a physiologic solution and is rapidly absorbed in tissue,
it does not remain or accumulate where deposited. The collapse and loss
of aesthetics of the implant generally occur over one to two days
(Rheingold et al., 1994) but can be quite gradual with small perforations
or valve leaks. These leaks may cause deflations (as few as two to three
drops over 12 hours in vitro), which may become apparent slowly over as
long a period two years and are observed as partial deflations (Dickson
and Sharpe, 1987; Nordstrom, 1988; Peters, 1997; Rapaport et al., 1997).
Deflation, even partial, usually should not pose a diagnostic problem
except in multilumen implants where the deflation of a small outer saline-
filled lumen may, as was the designer’s original intent, escape notice.
According to Rees et al. (1973b) water (but not salt) may pass through the
silicone elastomer shell in response to an osmotic gradient despite the
insolubility of silicone in water, but usually there is no reason for dis-
equilibration because at physiologic salt concentrations the osmotic pres-
sure is the same on both sides of the shell. If the shell and valves remain
intact, only small increases or decreases in volume over time are reported
(Cederna, 1996). For unknown reasons, larger volume changes have been
reported to develop over the years in rare cases (Botti et al., 1994; Robinson
and Benos, 1997). Volume changes in intact saline implants might reflect
correction of an osmotic imbalance due to variation in human body fluid
and saline filler osmolality by movement of water into the implant lumen
(Frisch, 1997, 1998). In vitro experiments found that volume changes pur-
suant to osmotic gradients occurred slowly, over six months to a year.
Subjecting the implant to pressure, which might occur especially in the
submuscular position or with severe contracture, accelerated the move-
ment of fluid out of implants. This might explain some in vivo changes
(Rubin, 1983), or in some cases with inflatable implants the valve leakage
could be so slight that it was not apparent and partial deflation was mis-
takenly ascribed instead to movement of fluid through the shell (possibly
what happened in Cederna, 1996, and other studies).
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Needle sticks at implant placement surgery are a significant cause of
early deflation although, as noted, this may not be apparent for several
months. In one study, about 1% of implants sold were returned because of
perioperative deflation. Small needle holes were discovered in about 7%
of these (Rapaport et al., 1997). Small holes were found in 75% of saline
implants involved in one series of deflations (Rheingold et al., 1994). Abra-
sion and compression cause deflation of saline implants in ways similar
to their effect on gel implants. However, saline implants lack the solidity
and supportiveness of the gel interior and the lubrication of silicone fluid
on the shell surface. They are therefore more prone to wrinkling, fold
flaws, surface abrasion, and consequent deflation. Fold flaws have been
associated with underfilling of saline implants, which causes wrinkling,
especially of the upper part of the implant. These fold flaws have been
cited as an important cause of deflation (Gylbert et al., 1990a; Lantieri et
al., 1997; Worton et al., 1980). Even with overfilling or attention to proper
filling of newer implants, however, a smooth saline implant or a non-
adherent textured implant may still sag toward the bottom of a large
tissue pocket in the breast, producing some collapse and vertical, so-
called traction wrinkling of the superior part (Tebbetts, 1996). As de-
scribed earlier, these implant problems are common, and submammary
or subcutaneous placement of saline implants often allows these wrinkles
to become easily visible through the skin. Skin wrinkling over a wrinkled
implant can be quite pronounced and require corrective interventions. It
has been reported with a frequency of 3.3-5% in subglandular, smooth
saline implants for augmentation (Cocke, 1994; McKinney and Tresley,
1983; Mladick, 1993). In reconstructed patients, skin wrinkling with
smooth saline implants has been reported to occur in as many as 26% of
cases (Gylbert et al., 1990a). In two additional studies, skin wrinkling
occurred with 14% of saline compared to 3% of gel smooth implants or
7.3% of saline compared to 2.1% of gel textured implants (Asplund, 1984;
Handel et al., 1995).

The valves and valve-shell interfaces of saline implants and expand-
ers can also leak or become incompetent under increased pressure in the
implant. Some have reported average pressures of 4.5 mm of mercury
(Hg) in implants in soft breasts and 11.5 mm Hg in hard breasts and
pressures of as much as 320 mm Hg during closed capsulotomies (Jenny,
1980). In other instances, such pressures are known to reach levels on the
order of 93 mm Hg or 126 cm of water [H,O] or more, which is substan-
tially greater than historic test standards (Caffee, 1993a; described in FDA,
1992b). Peters (1997) also demonstrated in vitro that valves that appear
competent may leak saline slowly under pressure.
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Detection of Rupture of Gel-Filled Implants

As noted above, intracapsular rupture of gel implants can go unrec-
ognized. There may be no patient complaints and no physical diagnostic
findings. The sensitivity of commonly used imaging technologies, such as
film mammography, is reported to be around 50%, and some report a
sensitivity as low as 15-20% (Ahn et al., 1994a; Bassett and Brenner, 1992;
Robinson et al., 1995; Samuels et al., 1995), although there are some who
claim it is much higher (Cohen et al., 1997; also see Chapter 12). Ultra-
sound may detect more ruptures. Magnetic resonance imaging is gener-
ally reported to have a sensitivity of around 90% in experienced hands,
but this technology is currently too costly and time-consuming for routine
screening. Physical diagnosis of extracapsular rupture, when the shape or
feel of the gel mass has changed, is much easier, although occasionally
such changes can escape detection (Edmond and Versaci, 1980). The
changed contour of the gel is also observed on film mammography, al-
though contour irregularities may be secondary to accommodation of an
unruptured implant to, or herniation through, a capsulotomy defect. Pres-
ence of gel is reported outside the capsule in about 12-26% of ruptures
(Ahn et al., 1994a; Berg, et al. 1995; Frankel et al., 1995; Gorczyca et al.,
1994a; Middleton, 1998b). It has been as high as 35% in selected series
(Andersen et al., 1989). These figures generally refer to more fragile sec-
ond generation implants and come from case series of patients who
present because of problems and, therefore, may overstate complications.
There are also reports of series of 19 or 30 instances in which there has
been implant rupture without any extracapsular movement of gel
(Beekman et al., 1997a; Malata et al., 1994a) or a low proportion of extra-
capsular movement, e.g., 5.7% of ruptured implants (Peters et al., 1997).
Extracapsular rupture is also more easily detected on ultrasound and
MRI.

The diagnosis of rupture of a gel implant is important because the
release of silicone gel and fluid into the tissues may result in local compli-
cations. An intracapsular rupture may become extracapsular, and both
are generally, but not always (Hardt, IOM Scientific Workshop, 1998),
agreed to be an indication for explantation (Young., 1998). Moreover,
rupture should be anticipated at some point since implants have a finite
life span, although what this might be with current models is not certain.
Careful explantation and direct visual examination are the standard for
diagnosis of silicone gel-filled implant rupture, both unsuspected or si-
lent, and for confirmation of rupture. Explantation allows only a retro-
spective or confirmatory diagnosis. It is not a prospective means of re-
solving the question of presence or timing of rupture in an individual
patient.
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Capsulectomy along with explantation is recommended if the im-
plant is ruptured (Rohrich et al., 1998b; Young, 1998). Although Thomson
(1973) reported that capsules left at explantation were reabsorbed, this is
not necessarily the case. Retained capsules can interfere with adequate
compression for mammography, can confuse mammographic diagnosis
of breast cancer if calcifications are present (Hardt et al., 1995a; Peters et
al., 1995d) and may lead to further complications necessitating additional
surgery (Copeland, 1996; Hardt et al., 1995a; Hayes et al., 1993; Peters et
al., 1995d; Rockwell et al., 1998; Stewart et al., 1992).

Implant Shell Strength

A number of additional factors could contribute to implant rupture.
As discussed earlier, some shells were thicker and stronger than others.
Different implants had valve or valve attachments that were more or less
secure. Manufacturers developed elastomers with various performance
characteristics, that also affected implant integrity. The manufacturing
process itself has been cited as a possible contributor to deflation by Rubin
(1983) who noted changes by scanning electron microscopy such as ac-
centuation of defects in the surfaces of saline implants subjected to 3/4-
pound tension.

Although not universally agreed upon, it appears that the elastomer
shell is relatively stable in vivo once the effects of gel fluid permeation,
that can decrease the tensile strength of shells not protected by barriers to
gel fluid diffusion by around 30%, are taken into consideration (FDA,
1992a, p. 75). The shell appears to maintain strength, rupture resistance,
and bulk material stability as determined by measurements of mechanical
and chemical properties and cross-link density over many years of im-
plantation. In Silastic II explants, elongation values were greater than
those recommended by the American Society for Testing and Materials
(ASTM) for 12 years (ASTM, 1983a; Brandon et al., 1998a,b). Analyses of
elastomer by nuclear magnetic resonance (NMR) have reported or sug-
gested some chemical changes, but the quantitative effects of these on
shell strength were not assessed (Pfleiderer et al., 1995; Picard et al., 1997).
A number of reports have cited decreases of modest proportions in sili-
cone elastomer strength characteristics either in materials testing or in
non-breast implants in mid-length, one-to-two year studies (Langley and
Swanson, 1976; Leininger et al., 1964; Roggendorf, 1976; Swanson and
Lebeau, 1974). Some more marked decreases were found in one long-term
study of pacemaker leads (Dolezel et al., 1989), but a shorter-term in vitro
investigation of the material found physicochemical and strength proper-
ties were maintained (Kennan et al., 1997).

The resistance to rupture and deflation observed in some studies is
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quite good, but there is a considerable experience that describes rupture
and deflation prevalence as increasing, sometimes markedly, with time
after implantation. This increased prevalence may relate to repeated
stressing, folding, and abrading of an implant, especially with tight cap-
sules and incidental trauma of various kinds (Cohen et al.,, 1997; De
Camara et al., 1993; Gutowski et al., 1997; Malata et al., 1994a; Peters et al.,
1994a, 1996; Phillips et al., 1996; Young et al., 1996a, 1998). Shell strength
and rupture resistance can be measured by tensile strength, elongation,
tear resistance, and modulus, which are measurements (and standards) of
the ability of an elastomer to stretch and withstand measured stresses and
tearing forces. Greenwald et al. (1996) measured the shell tensile strength
(resistance to stress and strain) and modulus of 25 smooth gel implants
explanted after 2 to 18 years and found consistently less strength over
time in older implants with considerable scatter of results. As the authors
point out however, the explants were not compared to control devices,
and the makes and models were not described; the implants were those
removed by one of the authors from consecutive women between 1991
and 1994 (Greenwald et al., 1996). Phillips et al. (1996) also tested a series
of 29 explants, 4 months to 20 years of age, and found considerable varia-
tion. They concluded that shell strength diminished with age, although
they also noted considerable differences over time among implants of
various types and manufacturers. They tested an unused Silastic II breast
implant to validate their methods, but otherwise had no controls. Van
Rappard et al. (1988) testing implants of the same make, noted a decrease
in bursting strength with implant age. Marrota et al. (1998) compared
explants with unused implants made by the same manufacturer; unfortu-
nately, implant types were not specified in this short report, but explants
in general had 25% less strength.

Addressing these problems, Wolf et al. (1996, 1997) and Brandon et al.
(1997a,d, 1998a—f, 1999) described measurements of a large series of ex-
planted and unused (some same lot) control gel implants of ages up to 28
years, manufactured primarily by Dow Corning, both as is and after gel
fluid extraction. They also reported that gel fluid permeation in vivo de-
creases various parameters of shell strength. In the aggregate, physical
properties of shells weaken but are not dramatically changed by length of
implantation when measured after extraction of gel fluid, nor does scan-
ning electron microscopy detect significant, visible surface deterioration
in regions of nonwear even after 28 years in vivo. Different types and
manufacture of implants have quite different physical parameters. Shell
thickness varied twofold when measurements were made in a number of
different places. Most striking was the lot-to-lot variation in implants of
the same type from the same manufacturer. For example, tensile strengths
of Silastic I and Silastic II models from different lots varied 3.5-fold and
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from minimum to maximum between the two types by fivefold. Strength
parameters of two 28-year-implanted SilasticO implants” were decreased
20-40% by gel fluid permeation, but both extracted and nonextracted
values fell within the range of control Silastic I (same elastomer) shells
and were higher than ASTM standards (Brandon et al., 1997a—f, 1999;
Wolf et al., 1996 and 1997; and see also Frisch and Langley, 1985; Swanson,
1973; Swanson and Lebeau, 1974).

Chawla and Hinberg (1996) also found that shells implanted for up to
seven years maintained surface integrity, and neither they nor Ratner et
al. (1994) were able to demonstrate free silica at the shell surface by any of
a number of techniques. Peters (1981) tested a small number of gel and
inflatable prostheses, some explanted, some unused, with a compression
(burst) test and found no pattern, extreme variability among implant
types, and lot-to-lot variability. Rupture occurred at pressures ranging
from 0.62-10.8 pounds per square inch (psi) considerably lower than the
pressures measured in various kinds of closed capsulotomy, 10-15 psi,
(Gruber and Friedman, 1978) which was the objective. Different makes
and models of implants clearly will have different tolerances for closed
capsulotomy (Lemperle and Exner, 1993). Curtis and Hoshaw (1998) plot-
ted Dow Corning mechanical test data against duration of implantation
from approximately 5-20 years and observed no degradation with in-
creasing in vivo duration, although there was considerable scatter of re-
sults.

These results reflect the nature of silicone chemistry and manufac-
ture. They indicate that rupture will depend on the manufacturer, type
and model and even the lot of saline and gel implants, as well as on
underlying physical parameters such as designed thickness and chemical
formulation. Any analyses of rupture resistance and shell strength or of
rupture prevalence in cohorts of women should try to control for these
confounding variables. As indicated earlier, rupture also will depend on
distortion, wear, and stress in the body, untoward events, and perhaps
other unknown factors.

Biomedical polymers, including silicone, may absorb or adsorb cer-
tain lipids and lipoproteins (Carmen and Mutha, 1972; Chin et al., 1971;
Dong et al., 1987). One investigator has proposed that the absorption of
lipids by an elastomer may weaken it over time (Caffee, 1993b). Although
lipids were reported in Silastic sheet implants and in explant silicone
elastomer shells at low levels, <0.2% (Pfleiderer et al., 1995; Picard et al.,
1997), and at less than 1% by weight in slabs of silicone elastomer im-
planted in dogs for two years (Swanson and Lebeau, 1974), others have
not found them (Chawla and Hinberg, 1996). In discussing this issue,
Frisch claimed that lipid adsorption accounted for at best an early but
stable weight increase of about 1.5-2% and very little, if any, loss of elas-
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tomer strength. The effect of lipids, if present, on shell rupture remains
hypothetical; only small decreases in physical strength of the elastomer
were found in the dogs of Swanson and Lebeau (1974), and Swanson
(1973) observed lipids generally below 1% with no relationship to dura-
tion of implantation or fracture of the elastomer in the elastomer of finger
joints that had been implanted for up to five years.

The Frequency of Rupture and Deflation

Rupture reports have been based on findings at explantation, detec-
tion by various mammographic technologies (often confirmed, at least in
part, by explantation) and descriptions or surveys of results in cohorts of
patients. None of these is absolutely reliable. Explant series are the stan-
dard for diagnosing rupture and for confirming rupture suspected by
other means, but they undoubtedly include some ruptures that occur
during implantation and explantation procedures. Further, women un-
dergoing explantation are a special subset of the population of women
with implants, and even of the population of women with ruptured im-
plants. Mammography series may be drawn from explant series, may
involve groups of women with suspected problems, or may depend on a
less-than-certain diagnosis, although MRI has an excellent record. Case
series reported from practitioners or facilities have the advantage that
they can be (unless selected in some way) more representative of the
population of women with implants, but the detection of rupture de-
pends on patient complaint, routine screening film mammography, or
physical examination, all of which are subject to considerable error and
lack of sensitivity (see, for example, data on mammography sensitivity
and Malata et al., 1994a, who suspected clinically only 6 of 19 ruptures
seen on explantation, including 10 intracapsular ruptures with complete
shell disintegrations). The accuracy of very low rupture rates reported by
manufacturers based on returns, complaints, legal proceedings and other
sources probably suffers from these same problems of ruptures’ going
undetected and unreported.

The medical literature on rupture of gel implants includes reports of
prevalence ranging from 0.3 to 77% (Beekman et al., 1997b; Berg et al,,
1993, 1995; Chung et al., 1996; Cohen et al., 1997; Davis et al., 1995; De
Camara et al., 1993; Destouet et al., 1992; Dowden, 1993; Duffy and Woods,
1994; Gabriel et al., 1997; Gorczyca et al., 1992; Harris et al., 1993; Ko et al.,
1996; Malata et al., 1994a; Middleton, 1998b; Nelson, 1981; Netscher et al.,
1995a; Park et al., 1996b; Peters et al., 1996; Phillips et al., 1996; Robinson
etal., 1995; Rohrich et al., 1998a; Rolland et al., 1989a; Slavin and Goldwyn,
1995; Weizer et al., 1995; Yeoh et al., 1996; Young et al., 1996a, 1998). These
are reports of either the percentage of women who have one or both
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implants ruptured or the percentage of all the implants placed that have
ruptured. Since patients may have two implants, only one of which is
ruptured, rupture frequency by number of implants is usually lower. The
list of references here omits some mammography series that could have
been cited because they report low numbers, patients are often referred
for problems and ruptures are not always confirmed by explantation (see
Chapter 12). The very low value, 0.3%, was from a review of 307 women
examined by ultrasound and thus subject to the level of sensitivity of this
technology. Three confirmatory explantations and six confirmatory MRIs
were performed in the 307 women. One explant was clearly ruptured. The
other, which was discounted, was covered with sticky silicone and was
probably a small leak. This implant probably should not be counted as
intact. This would raise the prevalence to at least 0.6%, with another
upward correction of unknown magnitude for the ruptures missed due to
the lack of sensitivity of ultrasound.

Deflation does not pose the same problems in definition, or generate
the same research interest or attention in the literature because its detec-
tion is not prone to the uncertainties associated with gel rupture, and
release of implant contents is of little consequence beyond the loss of
aesthetic effect. Because of the reliability of detection, saline deflation
estimates are much firmer than those for gel-filled implants. Women do
not always seek medical attention from their operating surgeon for defla-
tion, however, so it should not be assumed that these complications are
always discovered and reported. Gutowski et al. (1997) noted that women
had not notified the responsible plastic surgeon of 10 of 55 deflations, and
no intervention was taken for some of these; in this large survey, defla-
tions occurred in 10.1% of women and 5.5% of implants. Lantieri et al.
(1997) reported their experience with 709 implants in 407 women who
responded to a questionnaire mailed to 454 women who had received
saline inflatable implants in their two facilities in France and the United
States between 1981 and 1995 (489 smooth Mentor and 220 textured Men-
tor Siltex breast implants). The indication for implantation was recon-
struction, usually delayed, in 40% of breasts; augmentation in 41%; and
replacement in 19%. There was no significant difference in deflation be-
tween smooth or textured implants, between submammary or submus-
cular placement, or by indication for implantation. The overall deflation
prevalence was 6.6%, with an average follow-up of 7.1 years, and under-
filling was highly significantly associated with deflation; fold flaws were
observed in 81% of deflations. In this report of implants filled on average
to 103.1% of design capacity, the Kaplan—-Meier survival curve showed a
deflation rate of less than 1% at 12 months (Lantieri et al., 1997).

Presence of deflation at the end of one year in the McGhan LST was
3.9% of patients receiving implants for augmentation and reconstruction
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combined (McGhan Medical Corporation). Deflations varied between 1.33
and 37.7% of implants, depending on type, in the experience of Mladick
(Mladick, 1993) and similarly between 0.56 and 20% of implants in
Lavine’s (1993) series comparing the 1600 with the 1800 (defective valve)
Heyer-Schulte-Mentor model. In the patient cohorts cited earlier in the
discussion of aggregate complications, deflation usually was not the fo-
cus of the report and varied between 2.6 and 16% over different periods of
follow-up for a number of different inflatable saline implants and ex-
panders. In a discussion of explantation of gel-filled implants, Robinson
(1992) noted 0.6% deflations of 1,600 mostly recently placed saline im-
plants of unknown model and manufacture. Rheingold et al. (1994) re-
ported a survival analysis of 67.34% at slightly less than ten years. They
commented that their “study confirms the obvious: Inflatable breast im-
plants deflate with time.”

Rubin (1983) reported his own experience with saline inflatable im-
plants. He found 29 deflations in 478 implants from three different manu-
facturers, or 6% over five years (not counting those [N = 14] noted to be
defective at the time of implant surgery) and commented that he expected
to see more deflations with time. In a survey of plastic surgeons with 528
responses, he found 1,181 leaking implants of 13,200 reported, or 8.95%
over an unknown period of time (Rubin, 1983). Gutowski et al. (1997)
reported an actuarial survival estimate at ten years of 90.2-95.2%. Some
underreporting is probable since, as noted earlier, not all women seek
attention from their surgeons for deflation (Rheingold et al.,, 1994;
Gutowski et al., 1997). Other reports on saline implant and expander
deflation are very variable. Some frequencies are quite high (e.g., 76%),
but since they include early implants that are known to have had prob-
lems, they have little to teach about what can be expected in terms of
deflation of modern saline implants and expanders (Bell, 1983; Williams,
1972; Worseg et al., 1995; Worton et al., 1980). Taking implant type and
model into account and reviewing relatively recent representative case
series, the committee concludes that modern first-year deflations might
be of the order of 1-3% of implants and that this percentage would rise
slowly with time (see Capozzi, 1986; Francel et al., 1993; Gutowski et al.,
1997; Lantieri et al., 1997; McGhan (undated); Mladick, 1993; O’Brien et
al., 1993; Schuster and Lavine, 1998; Vinton et al., 1990).

Estimates of gel implant rupture can start with measures from co-
horts of women examined in inclusive follow-up reviews or from routine
screening of populations. Gabriel et al. (1997) reported 5.7% ruptures in a
7.8-year mean follow-up of 749 women, 3.9% of 1,454 implants, based on
chart review. An unknown number of ruptures undoubtedly went unde-
tected (Gabriel et al., 1997). At 10.7 years, Harris et al. (1993) detected 22
ruptures (6.5%) in 336 gel-implanted women routinely screened by film
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mammography, with 42% followed up with ultrasound. In view of the
low sensitivity of film particularly, but also of ultrasound mammography
(Ahn et al., 1994a; see also Chapter 12), a significant number of ruptures
must have escaped detection (Harris et al., 1993). In the McGhan (1998)
AR90 clinical study, the five-year cumulative risk of rupture suspected by
symptoms or physical examination was 4% of augmented patients (2.6%
of implants in augmented women) and 9.8% of reconstruction patients
(6.3% of implants in women with implants for reconstruction). Similarly,
at two years, a 1990 Dow Corning observational study reported no rup-
tures in 69% of an original cohort of 360 augmented women returning for
evaluation (Bowlin et al., 1988). The prevalence of rupture detected on
physical examination in the Mentor adjunct study (1992) was 1.3% at the
three-year follow-up of about 8,000 women. The low sensitivity of these
detection methods (and, especially for Dow Corning, the short follow-up)
inevitably means an underestimate of implant rupture (Bowlin et al., 1998;
McGhan Medical Corporation, 1998; Purkait, Mentor Corp, IOM Scien-
tific Workshop, 1998). Destouet et al. (1992), Dowden (1993), and Peters
and Pugash (1993) screened consecutive routine patients by film mam-
mography, physical examination confirmed later for a subset by explanta-
tion, and ultrasound. Ruptures were detected, respectively, in 4.6% of
women at 10 years, 4.5% at an unknown interval, and in 8% at 8.5 years.

Clearly in all of these instances, detection was attempted with low-
sensitivity technology and significant numbers of ruptures were missed
(Destouet et al., 1992; Dowden, 1993; Peters and Pugash, 1993). The ex-
plant or selected series, on the other hand, presumably overestimates
prevalence (Young et al., 1998). The survey of Nelson (1981) represents an
interesting hybrid between these two study types, explant and routine
follow-up or screening series. He reported rupture in 15.9% of 5,579
breasts undergoing open capsulotomy. The selection bias of this series is
unknown. Of these, 57% had previously been subjected to closed
capsulotomy. The duration of implantation was not reported (although it
may have been a relatively few years given the usual time of onset of
contracture), and the implants in question were most likely of the thin-
shelled, second generation variety. Nevertheless, this represents a consid-
erable number of ruptures identified by direct observation in a large group
of women with presumably a cross section of implant models who were
gathered because of only one problem and thus not subject to the more
obvious bias of explant cohorts (Nelson, 1981).

Unless the increasing prevalence of implant rupture with age can be
shown to correlate with specific kinds of implants having specific fragility
(Peters et al., 1996), it seems reasonable that the relationship between
implant age and rupture, noted earlier, reflects a real trend (Goldberg et
al., 1997). Capsular contracture and implant distortion tend to continue
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over time, although no studies were found that provided conclusive evi-
dence of an association between contracture and rupture or deflation
(Lantieri et al., 1997). Stress and incidental trauma also accumulate over
time. Shells are nonuniform in thickness and strength even within the
same lot, and they can be expected to weaken after implantation due to
permeation by gel fluid. They may then gradually lose strength over more
prolonged times. Thus, deflation and rupture can be expected, as the data
show, to continue over time.

Authors cited above reported that 96% of gel implants ruptured at or
beyond 10 years (De Camara et al., 1993); up to 63% ruptured at 12 years
or more (Cohen et al., 1997); 62.5% of those in situ for 10 years ruptured
(Malata et al., 1994a); 71.2% ruptured at 14 years, and 95.4% ruptured at
20 years according to a survival analysis (Robinson et al., 1995); increas-
ing failure was reported between 10 and 15 years, and 50% ruptured at
about 15 years (Beekman et al., 1997b), 69-70% ruptured at 6 years or
more (Peters, 1994a), 49% ruptured (includes leaking) at 10 years (Rohrich
et al., 1998); and frequency of pinholes and frank ruptures increased from
8% at 0-5 years to 61% at 10 years to 73% at 20 or more years (Young et al.,
1996a, 1998). Different rupture percentages have been found according to
implant vintage. First-generation implants (1963-1972) had no ruptures,
second-generation implants (1972 to mid-1980s) were 95% ruptured at 12
years, and third-generation implants (late 1980s to date) had only 3.5%
ruptures by 1992 (Peters et al., 1996). Other investigators have reported
similar findings. In fact, they found no ruptures in third-generation im-
plants (Francel et al., 1998). On the other hand, the large series (N = 161)
described by Yeoh et al. (1996) of 4- to 27-year-old, primarily Dow Corn-
ing gel-filled prostheses, which had 25% ruptures, did not show a correla-
tion of implant age with rupture. The analysis by Gutowski et al. (1997)
indicated 5-10% deflation at ten years for saline implants of recent vin-
tage. A very high, in fact unacceptable, frequency of deflation is reported
for older models, as noted earlier.

It is not possible to predict current rupture frequencies or rates. Rup-
ture depends on implant type, model (and lot), and manufacturer; im-
plant physical characteristics; silicone gel fluid permeation, which weak-
ens implants; and the many other factors that stress, compress, and abrade
implants. The reported high rupture prevalences cited above reflect expe-
rience with a great many thin-shell, compliant gel models according to
the dates of explantation from these reports. Clearly it is possible to build
an implant of sufficient strength to endure a long time, as the experience
with first-generation 1960s thick-shell, thick-gel implants shows (Bran-
don et al., 1999; Peters et al., 1996). It is unknown where the balance of
sturdiness, durability, and cosmetic softness versus wear and stress in the
body lies, and whether implants in current use with short histories will
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also reach the end of their lives at 10 to 15 years as data seem to imply for
older models. Silicone gel fluid permeation of the shell seems to have a
deleterious effect on durability, more so at high percentages of extractable
fluid. Contracture, which is more common in gel implants, may be a risk
factor for rupture (Feng, IOM Scientific Workshop, 1998), although there
is insufficient evidence for this (Lantieri et al., 1997). Gel-filled implants
have a softer HTV shell than saline implants. These factors, and indeed
some of the studies summarized in this section, suggest that rupture may
be more common in current gel-filled implants than current saline-filled
implants and expanders, other things being equal, although properly con-
ducted new studies will be needed to resolve this point as suggested
below. Neither the submuscular or submammary site of implantation nor
the augmentation or reconstruction indications appear to be important
variables for rupture.

Estimates of rupture frequency of gel-filled implants must consider
the bias problems of explant series, which are likely to seriously inflate
rupture rates while providing an accurate diagnosis through direct ex-
amination, against the advantages of studying a more random group of
women with the associated problems of underreporting of rupture that
are inherent in insensitive diagnostic tools. Experience relying more
heavily on random case series or explant series that identified recent im-
plants (see Bowlin et al., 1998; Destouet et al., 1992; Dowden, 1993; Francel
et al., 1993; Gabriel et al., 1997; Harris et al., 1993; McGhan, 1998; Peters
and Pugash, 1993) suggests a relatively modest number of ruptures. The
size, sensitivity of detection, duration of implantation, and other prob-
lems of these studies also suggest the need for an upward adjustment or
considerable caution in relying on them to predict current rupture experi-
ence.

On the other hand, the variation, selection bias, and inclusion of im-
plants no longer in use in most explant series do not provide a good basis
for an estimate of modern or future rupture frequencies. The ruptures of
gel-filled implants with certain characteristics such as soft, thin shells and
compliant gels with high levels of extractable gel fluid, referred to as
second generation, are substantial but are not really at issue. Experience
with these implants clearly implies that women who still have them will
need them removed or replaced, but it cannot be used to predict modern
implant rupture frequency. (The very high deflation rates of early HTV
saline implants are also generally accepted.) Rupture rates or frequencies
of modern implants will not be known until long-term, prospective obser-
vational studies of sufficiently large and random cohorts of women are
completed, using sophisticated and reliable detection methods such as
MRI by skilled and experienced investigators. The recent experience of
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Brown et al. demonstrates that good agreement on ruptures defined by
MRI can be achieved among experienced experts (Brown et al., 1999).

Preliminary and admittedly anecdotal reports from such experts sug-
gest that the frequency of rupture in third-generation implants is much
lower than the prevalence reported for second-generation implants
(Middleton, IOM Scientific Workshop, 1998). The committee stresses that
a determination of rupture (and deflation) prevalence or rate in such a
way is of value, should include a determination of other complications
and characteristics of implantation in a disciplined way, and should be
carried out because of its implications for the safety of silicone breast
implants. Such a study or studies will be valuable only for implants of the
same types and with the same physical-chemical characteristics. If manu-
facturers change silicone implant formulations or shell thicknesses or
modify gel-filled implants in other ways such as by changing gels, studies
of these defined formulations would have to be carried out. Until such
time, only a guess at the order of magnitude of gel-filled implant rupture
can be hazarded.

Keeping in mind the results of explant series of modern implants and
other recent observations as noted above, the committee is of the opinion
that, with a conservative guess at upward adjustment to account for
underdiagnosis, a modest number (perhaps less than 10%) of modern gel
implants will have ruptured by five years and that ruptures will continue
to accumulate and prevalence will increase in ensuing years. Whatever
the actual rupture prevalence or incidence, the safety implications of rup-
ture and deflation noted here include the risks of additional surgery and
anesthesia when explantation or replacement of an implant (and cap-
sulectomy) is required to remove silicone or to address the loss of aesthet-
ics in saline- and gel-filled implants. Operative interventions to treat
granulomas and significant axillary adenopathy may also be required,
though infrequently. There will also be the rare complications of gel mi-
gration and tissue damage at more distant sites and whatever health con-
ditions may follow tissue exposure to silicone gel.

Implant Capsules and Contracture

Placement of an implant in the body causes a reaction in the tissues
that varies depending on size, shape (Matlaga et al., 1976), and surface
texture and porosity (James et al., 1997; Salthouse, 1984; Taylor and Gib-
bons, 1983). Other surface physical characteristics, such as charge and
energy, chemical characteristics of the implant, location of the implanta-
tion site, and animal species studied also make a difference (Bakker et al.,
1988; Ksander et al., 1981). These differences affect the ability of some
materials to adsorb body proteins of various kinds, to activate certain
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cells, to cause the production of cellular factors and cytokines that may
influence cellular proliferation and other activities both locally and per-
haps systemically, and to excite inflammatory reactions of varying extent,
intensity, and type of cell participation. All implants, including all breast
implants, provoke some form of this general foreign body tissue reaction.

The production of an enclosing capsule of fibrous scar tissue around
the implant is an important component of the foreign body reaction and
significantly affects the effectiveness of breast augmentation or recon-
struction with implants. Contracture of this capsule, if severe, causes of-
ten painful and disfiguring squeezing and distortion of the implant (and
overlying tissue). At the extreme, it is compressed into its smallest vol-
ume, a sphere, rather than the shape designed to achieve normal breast
contour. The contributing causes and management of this variably occur-
ring complication are important and incompletely resolved issues in
breast surgery. It is the adverse event most frequently reported to the
FDA (Brown et al., 1998).

The reaction to a foreign body is a normal part of the body’s intrinsic
defense mechanisms. Silicone elastomer, gel, fluid, or some other compo-
nent of a breast implant might also provoke an immune response as part
of the body’s reaction to implantation. In this case, certain cells would
recognize specific foreign molecules associated with the implant and
would initiate immune cellular proliferation and the production of spe-
cific protein antibodies to these molecules, and/or proliferation of, and
the specific targeting by immune cells to attack these molecules. Changes
in the local tissue reaction and possible systemic effects would likely
follow an adaptive immunological response in addition to a foreign body
or innate response. The committee did not find scientific evidence for this,
but such questions are discussed further in the following chapter.

Whatever the contributing causes, the breast implant capsule can be
described by its numbers, orientation, and types of cells and cell products.
Different types of breast implants will produce differing capsules. Some
have speculated that damage to the breast during implant placement,
which could lead to fat necrosis, mammary gland degeneration, and
muscle atrophy, may also contribute to capsule thickness and contracture
(Smahel, 1978b), although there is insufficient evidence to support or re-
fute this. Of course, the healing of an operative wound is a part of the
response to implantation. In elementary terms, the early response to tis-
sue injury and to the presence of an implant consists of the migration and
activation of many different cells including polymorphonuclear leuko-
cytes (PMNs) and mononuclear cells. PMNs disappear within a few days,
but monocytes, lymphocytes, and fibroblasts remain around the implant.
Monocytes differentiate into macrophages, and some of these cells coa-
lesce to become foreign body giant cells. Fibroblasts are stimulated to
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proliferate and produce collagen, and new capillaries develop. An array
of different kinds of lymphocytes may be present (Katzin et al., 1996;
Miller, IOM Scientific Workshop, 1998).

Contracted capsules, like hypertrophic burn scar, contain greater
amounts of glycosaminoglycans and proportionately more chondroitin 4-
sulfate, characteristics of immature scar (Vistnes et al., 1981). The types of
collagen (I, I1I, and V) in capsules surrounding different types of implants
and expanders and of different degrees of severity and age are similar to
the types in breast dermis and commonly observed cutaneous scar. Con-
tracted capsules have more collagen than soft capsules and normal der-
mis (Marshall et al., 1989; McCoy et al., 1984). Gradually the process and
capsule become mature and take on more of the appearance of normal
scar tissue with few cells around smooth implants and a thicker, more
cellular, chronic inflammatory appearance with less regularly organized
fibrous tissue around textured or polyurethane foam-coated implants.
The fibrous tissue capsule surrounding breast implants is described in a
number of reports (e.g., Copeland et al., 1994; Emery et al., 1994; Hameed
etal., 1995; Kasper, 1994; Lesesne, 1997; Luke et al., 1997; Raso and Greene,
1997; Smahel, 1977; Wickman et al., 1993; Wyatt et al., 1998; Yeoh et al.,
1996).

On direct visual observation, the usual implant capsule is a variably
thin, grayish, glistening membrane. Microscopically, smooth-surfaced gel
or saline implant capsules may have a flattened unicellular lining or a
layer of pseudoepithelial cells next to the implant, overlaid with a regu-
larly and linearly oriented dense collagen network that progresses to
looser, better-vascularized connective tissue merging with the surround-
ing breast tissue. Synovial linings are also seen around smooth implants.
Macrophages, multinucleated giant cells, T lymphocytes, fibroblasts, and
occasionally other cells such as eosinophiles and plasma cells, are seen in
varying numbers, although the older capsules generally have fewer cells
set amid regularly oriented fibrous connective tissue.

Capsules of textured implants are likely to have a palisaded secretory
and phagocytic synovial multicellular layer without a basement mem-
brane next to the implant, overlaid by a thicker, more disoriented, cellular
and vascular connective tissue layer progressing to loose connective and
adipose tissue in the surrounding breast tissue. Occasionally the synovial
layer, especially in capsular infolds, assumes a papillary hyperplastic ap-
pearance (Hameed et al., 1995). This villous hyperplasia has been reported
around 63% of textured implants at less than five years, decreasing sig-
nificantly to 7% after five years (Wyatt et al., 1998). Capsular synovium is
apparently of mesenchymal origin and is believed to be a reaction to the
shearing movement of the implant. The synovium secretes proteoglycans,
chondroitin 4-sulfate and keratan sulfate, which may lubricate the pros-
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thesis—capsule interface, and there has been speculation that these sub-
stances may help to diminish contracture (Lin et al., 1994; Raso and
Schulte, 1996). The synovial layer may diminish over time, as noted in
Chapter 3, and as reported in a long-term study with findings of statisti-
cally significant decrease in synovial lining around textured and smooth
implants over time (Wyatt et al., 1998). Synovium has been described
around all kinds of breast implants including smooth saline implants
(McConnell et al., 1997).

Fragments of the elastomer shell are seen in capsules around saline
implants (Jenny and Smabhel, 1981; Vargas, 1979), particularly from tex-
tured shells, but no droplets of silicone fluid. Silicone fragments, up to 1
mm in size, are found inside giant cells and in aggregates of giant cells
called granulomas mostly in textured saline implant capsules. If these are
permanent implants, not expanders, synovium may be less frequent with
increased cellularity (Lesesne, 1997). Silicone shards and microfragments
from other kinds of (nonbreast) implants provoke similar inflammatory
reactions and granulomas, as do other kinds of polymers under similar
circumstances (Needelman, 1995; Peimer et al., 1986; see Chapter 4). This
cellular reactivity to elastomer may be due to the microfragment form,
since bulk elastomer does not seem to provoke cytotoxic responses in cell
culture (Lockhorn et al., 1996). With gel-filled implants, silicone fluid is
seen at various depths of the capsule or outside it as small droplets in-
gested by macrophages or histiocytes or in extracellular spaces (Beekman
et al., 1997a; Wickham et al., 1978). Silicone gel is present in the capsules
around ruptured implants. Granulomas containing silicone gel or fluid
may also be present. There are no obvious differences between a capsule
exposed to fluid diffusion or to gel from an implant rupture (Luke et al.,
1997), but vacuolated cells (macrophages) and silicone droplets differenti-
ate capsules around gel from those around saline-filled implants. The
effects of phagocytosed silicone gel microdroplets on individual mac-
rophages are incompletely known, but appear relatively benign in some
investigations of short term reactions (Azizsoltani et al., 1995). In polyure-
thane capsules, vacuolated cells, more giant cells, hemorrhage and hemo-
siderin pigment and fragmented polyurethane are seen (Smahel, 1978a).

Myofibroblasts, which are smooth muscle-like cells derived from fi-
broblasts, are characterized by 6 to 8 nanometer microfilaments, indented
nuclei, desmosomes, and basal lamina and are implicated in capsule con-
tracture and generally detectable in capsules in varying numbers
(Rudolph, 1983). These cells contract and relax in response to smooth-
muscle stimulants and relaxants, but their role in capsular contracture is
still theoretical. They may cause contraction of the capsule, which then
becomes fixed as fibrous tissue is laid down (Baker et al., 1981; Ryan et al.,
1974), and they disappear after the contracture is mature and fibrotic
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(Lossing and Hansson, 1993; Rudolph et al., 1977, 1978). Myofibroblast
quantification was attempted in experimental animal wounds. Peak lev-
els of these cells, about 75% of fibroblasts, were reached at 2 weeks after
wounding, and myofibroblasts disappeared at 12 weeks. The frequency
of these cells was apparently the same in all of the experimental wounds
and independent of the degree of contracture (McGrath and Hundahl,
1982; Rudolph et al., 1977). In implanted women, however, myofibroblasts
are seen over much longer periods of time, are present particularly in
contracting capsules (where they are said to contain greater amounts of
contractile [actin] protein) and to a much lesser extent in soft capsules,
and are also seen in reoperated breasts and breasts with both saline and,
more frequently, gel implants. Removal of the implant (foreign body)
results in disappearance of the myofibroblasts and their associated pep-
tide growth factors (Lossing and Hansson, 1993; Rudolph et al., 1978).
Macroscopic calcification (or mineralization) has been reported in 10-
33% of capsules although these reports generally describe implant series
that were problematic, symptomatic, or explants (Destouet et al., 1992;
Peters and Smith, 1995; Peters et al., 1998; Rolland et al., 1989a,b). Capsu-
lar calcifications involve calcium phosphates and were not associated with
silicone (or talc) deposits by electron probe microanalysis in one study
(Raso et al., 1999). Calcification is particularly associated with implant
shells with patches and more fibrous, long-duration capsules. It can occa-
sionally be severe, causing pressure atrophy of breast and underlying
muscle tissue, and it can be seen on mammography (Benjamin and Guy,
1977; Cocke et al., 1985; Fajardo et al., 1995; Frazer and Wylie, 1995;
Gumucio et al, 1989; Hayes et al., 1993; Leibman, 1994; Luke et al., 1997;
Redfern et al., 1977; Reynolds et al., 1994; Rolland et al., 1989b; Schmidlt,
1993; Vuursteen, 1992; Yeoh et al., 1996; Young et al., 1989). Peters et al.
(1998) have emphasized that calcification is associated with all first gen-
eration implants. Calcification surrounds most of the implant but does
not always affect Dacron patches. In this large study of 404 silicone gel-
filled breast implants of all three generations, calcification was related to
first generation implants (100%), implant duration, and implant rupture.
About 50% of second generation implants in place over 16 years, or rup-
tured and in place over 11 years, had associated calcification. Calcium
phosphate was reported as hydroxyapatite in both heterotopic bone and
spherulitic aggregates of crystal in the capsule near the implant surface.
Although most reports of calcification, and the data in this IOM report
refer to silicone gel implants, calcification in the form of hydroxyapatite
crystals is occasionally described stuck to the surface of saline implants
(Peters et al., 1998; Schmidt, 1993). Talc is also present in 49-71% of cap-
sules (Kasper and Chandler, 1994; but any role for talc is purely specula-
tive and unlikely, as noted by Peters, 1998). Calcification of deposits of
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silicone injected into the breast has been reported as quite common (Inoue
et al., 1983; Koide and Katayama, 1979), but in these mammography case
series the silicone was very likely adulterated and calcification was more
prevalent in association with paraffin injection.

During the process of formation and maturation of the capsule an
array of chemical mediators, growth factors, enzymes, and various cellu-
lar factors are activated and inactivated at various times to effect the
various stages and processes of the foreign body and inflammatory reac-
tions (Anderson, 1988, 1993; Lossing and Hansson, 1993; Tang and Eaton,
1995; Ziats et al., 1988). Cellular behavior and appearance change on ex-
posure to silicone (McCauley et al., 1990). In comparative studies, how-
ever, different polymers including silicone may have greater or lesser, but
not categorically different effects on the release of these factors and on cell
behavior (Anderson et al., 1995; Bonfield et al., 1989a, 1991; Cardona et al.,
1992; James et al., 1997; Kao et al., 1994; Kossovsky et al., 1993; MacDonald
et al., 1996; Miller et al., 1989; Miller and Anderson, 1989; Naidu et al.,
1996; Petillo et al., 1994; Sevastianov and Tseytlina, 1984; Taylor and Gib-
bons, 1983; Wilsnack and Bernadyn, 1979). Also, when the silicone shell of
a breast implant (expander) was coated with a 0.3-0.5 mm layer of pyro-
lytic carbon, the cellular types and proliferative activity of capsules un-
derwent modest quantitative but not qualitative change (Bosetti et al.,
1998).

An understanding of the host response to implants is important to
experimental and clinical attempts to manage their undesirable and desir-
able aspects and to the overall safety of the implantation process. Some
have argued for an adaptive immune component in silicone breast im-
plant tissue reactions (Kossovsky, 1993). Others have tried to immunize
animals to silicone gel, elastomer, or fluid using powerful adjuvants and
have failed to observe a difference in the tissue reaction to subsequent
silicone implants in either normal or immune deficient (nu/nu) animals
(Brantley et al., 1990a,b; Klykken et al., 1991a,b,c). A study of expression
of helper (CD4) T cells, suppressor (CD8) T cells, (CD11 b/c) macro-
phages, and indicators of proliferation, DNA damage and apoptosis re-
vealed no difference in acute and chronic capsules around Silastic or cel-
lulose acetate (James et al., 1997). Other, investigators however, found
restriction of receptors and cell types, suggestive of an immune response
in capsules compared to control breast tissue (Ladin et al., 1994). The
general tissue—polymer response was recently reviewed without support-
ing an adaptive immune response (Laurencin and Elgendy, 1994).

Capsules vary from 0.25 to 4 mm in thickness, with an average of 1.3-
1.4 mm. (Emery et al., 1994; Ersek et al., 1991; Hardt et al., 1994; Raso and
Greene, 1997; Rolland et al., 1989a; Williams, 1972). They are occasionally
much thicker (13 mm, Baldt et al., 1994). If grossly abnormal with heavy
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calcification or ossification, capsules may measure up to 2.2 cm (Peters
and Pritzker, 1985; Peters et al., 1998). Contracted capsules vary in thick-
ness. Some say they are thicker (Caffee, 1992c; Ersek et al., 1991—five to
tenfold difference, Class I versus Class III-1V; Lossing and Hansson, 1993;
Rudolph et al., 1978), whereas others say they are not necessarily thicker
but may in fact be thinner than uncontracted capsules (Gayou, 1979;
Smabhel, 1977; Vistnes and Ksander, 1983; e.g., mean thickness of 17 con-
tracted capsules 0.47 mm, of 6 normal capsules 0.52 mm (Vistnes et al.,
1981). The committee found no study in which manufacturer, type, and
model were held constant and the only variables were contracture sever-
ity and capsule thickness. Grossly ruptured gel implants provoked sig-
nificantly thicker capsules than intact capsules in experimental animals,
however (Vistnes et al., 1977), and consistent with this presumed reaction
to exposure to silicone gel and gel fluid, capsules around saline implants
are thinner than those around gel and textured implants. Capsules around
textured implants tend to take on the imprint of the pillared surface of
these shells of those implants, with a greater likelihood of fluid accumula-
tion in cysts within the capsule or in the space around the implant (Jenny
and Smahel, 1981; Malata et al., 1997; Rothfuss et al., 1992); probably due
to the presence of synovial linings with secretory function. Ahn et al.
(1995a) found 0.2-20 ml of fluid within capsules around 15% of breast
implants of all kinds in a small group of symptomatic women.

Some investigators have reported that smooth gel-filled implant cap-
sules tend to thicken over time (Ersek et al., 1991; Wickman et al., 1993).
Capsules around nontextured implants tend to become mature and stable
after 9 to 12 months, and some have emphasized that most (89-93%)
contractures are observable within the first postoperative year (Little and
Baker, 1980; Malata et al., 1997; Moufarrege et al., 1987; Vogt et al., 1990).
However, others have reported that, clinically, contractures continue to
accumulate, although at lower frequencies, through the first 24 to 36
months after implantation and taper off thereafter (Brandt et al., 1984;
Ersek, 1991a; Gayou and Rudolph, 1979; Rheingold et al., 1994).

By use of presumably more sensitive and quantitative techniques (ap-
planation tonometry; see below), slow continued subclinical contraction
has been measured in the one- to five-year interval after implantation.
The risk of contracture continued to increase each year for five years in
the McGhan (1998) AR90 five-year observational study of gel implants
following augmentation and for three years after reconstruction. Report-
ing on a series of 186 implants, Peters et al. (1997) observed that Class III-
IV contractures continued to accumulate over time, reaching 100% around
silicone gel-filled implants at 25 years. In a large, long-term study prima-
rily of contracted capsules, Wyatt et al. (1998) noted that the presence of a
dense collagenous capsular architecture increased over time around
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smooth implants. After five years, the parallel collagen fibers tended to
become disoriented, significantly so around textured implants. Also, pep-
tide growth factors are reported to be continuously present in capsules
around breast implants and to subside only on removal of the foreign
body (Lossing and Hansson, 1993). It is likely, therefore, that contracture
is a progressive phenomenon that increases slowly with time (Hakelius
and Ohlsen, 1997; Handel et al., 1995; Lossing and Hansson, 1993; McCraw
and Maxwell, 1988; Peters et al., 1997). Also, as noted elsewhere in this
report, some technologies to reduce contracture may become less effec-
tive over time (barrier layers, polyurethane), and in such cases, con-
tractures could accumulate over longer periods (Cohney et al., 1991, 1992;
Handel et al., 1995).

A foreign body reaction and the formation of a capsule are expected
consequences of breast implantation. The contraction of the fibrous con-
nective tissue of this capsule to the point of discomfort and loss of cos-
metic effect is an undesirable but common complication. This complica-
tion is essentially a cosmetic problem, but it is associated with health and
safety to the extent that it leads to frequent operative interventions such
as open capsulotomy, explantation or replacement with both operative
and anesthesia risk, as well as the risk of infection or other complications
that accompany surgery. In a recent explant series, 72.5% of implant re-
movals were performed for the indication of contracture (Beekman et al.,
1997b). Certain characteristics of capsules—such as thickness, Class III or
IV contracture, associated granulomas, calcifications, and infection among
others also may obligate capsulectomy, which can be a significant proce-
dure accompanying explantation or replacement, may require an hour of
additional operative time, and may force difficult decisions about further
plastic interventions if tissue cover is inadequate (Young, 1998). Contrac-
ture may also lead to other interventions that carry risk, such as closed
capsulotomies with possible hematoma or rupture, migration of silicone
gel and a need for further surgery, or it may impair the use of diagnostic
technologies such as screening or diagnostic mammography for the de-
tection of cancer and other conditions, by making it much more difficult
or impossible to achieve adequate breast compression and visualization
of much of the breast tissue. The foreign body reaction, formation of a
fibrous capsule, and its contracture are likely no more common in breast
than in other implants, but the soft tissue, cosmetic role of the breast
implant means that these reactions or complications have a substantially
greater effect on the safety and performance of this implant, as just dis-
cussed.
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Assessment of Capsular Contracture

The foreign body reaction is intrinsic to human physiology. Contrac-
ture, however, is an excess of fibrosis that may go beyond the patient’s
usual biological response and occurs, at least in part, individually by
breast, presumably influenced by local, poorly understood factors—one
of which may be the presence of bacteria, which would be random
(Burkhardt, 1988). It could also be argued that the loss of aesthetics with
one hard, distorted breast is more disturbing than with two symmetri-
cally affected breasts. Burkhardt has pointed out that contracture should
be reported as the percentage of breasts, not of patients. Burkhardt’s cal-
culations show how lower contracture percentages, if due to random local
factors, can give progressively more misleading impressions if reported
as patient percentages. For example, 80% of breasts contracted would
yield 90% of patients with contractures statistically, and percentages close
to this have been observed in actual clinical practice; 30% of breasts would
yield 51% of patients, and 16% of breasts would yield 30% of patients
(Burkhardt, 1984). Not everyone agrees that contracture is random, how-
ever, even though contractures observed in patients in clinical practice
seem to be a mixture of unilateral and bilateral, and in some reports all
contractures are unilateral (Milojevic, 1983). The finding of Class III con-
tractures on one side and Class I on the other in monozygotic twins with
identical implants three years postoperatively is also interesting, although
anecdotal, evidence (Poppi, 1985). Malata et al. (1997) have commented
that in some instances, different implants may have been inserted and
caused this variation and that, in any case, it does not seem logical that
even if local factors were controlling they would not be somewhat similar
in the same woman.

Repeated efforts have been made to devise scientifically rigorous clini-
cal assessments of contractures. These include applanation tonometry to
compare, over time or between breasts, the relative imprint area on a disk
placed on top of the breast in the supine position (Asplund et al., 1996;
Gylbert, 1989; Hakelius and Ohlsen, 1992) or, using a standard weight
disc, to calculate intramammary pressure (Moore, 1979); mammometry to
measure comparative softness after manual compression (Barker, 1978);
calipers to measure the compressibility of the breast over time (Burkhardt
etal., 1982, 1986; Gylbert and Berggren, 1989) or modified to allow force—
distance calculations (Hoflehner et al., 1993); tonometers to measure the
compression pressure of the breast at intervals in the clinical course
(Gruber and Friedman, 1981; Hayes and McLeod, 1979; Mulder and
Nicolai, 1990); a durometer to measure breast hardness (Truppman and
Ellenby, 1978); and standardized pictures to be rated by observers
(Asplund and Nilsson, 1984). Applanation tonometry is the most fre-
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quently used of these techniques, but none has become universally ac-
cepted.

The Baker classification has continued as the most common standard,
essentially as originally proposed (Baker, 1975), although modifications
have been used by some investigators (Burkhardt and Demas, 1994;
Gylbert et al., 1989) or suggested by Spear and Baker (1995). This system,
though not quantitative, has the advantage of describing the actual clini-
cal factors important to cosmetic effectiveness. Although undoubtedly
subject to some bias when used by the operating surgeon on his or her
own patients, it has good interrater agreement when applied by experi-
enced personnel who do not have a personal interest in the results of care
or research trials. Agreement ranges upward of 83% and is even better
between the two major groupings (Groups I-1I versus III-1V) at the bor-
der between acceptable and unsatisfactory (Coleman et al., 1991; Gylbert
etal., 1989; Malata et al., 1997). This classification rates a breast as follows:
Class I—the augmented breast feels as soft as an unoperated one; Class
II—the breast is less soft, and the implant can be palpated but it is not
visible; Class III—the breast is more firm, the implant can be palpated
easily, and it (or distortion from it) can be seen; and Class IV—the breast
is firm, hard, tender, painful, and cold. Distortion is often marked. Class I
and II breasts are considered clinically satisfactory. Class III and IV are
not.

As noted earlier in this report and in the literature, women have
shown considerable tolerance for contracture, either by not seeking medi-
cal attention for Class III or IV contractures or by pronouncing themselves
satisfied with their implants when surveyed (Gylbert et al., 1989, 1990a).
The history of breast augmentation with implants (see Chapter 1) began
with unsatisfactory substances that were often extruded or, in the case of
paraffin, led to devastating tissue reactions. The twentieth century his-
tory, however, demonstrates a continuing willingness of surgeons (and
women) to experiment with a series of technologies that have progres-
sively improved contracture rates. The original “open-pore” implants,
polymer sponges such as Ivalon and others, produced 100% Class III-IV
contractures (Broadbent and Woolf, 1967), and needless to say, augmen-
tation was not in great demand at that time (see discussion of prevalence
in Chapter 1). The introduction of silicone gel implants with Dacron
patches in the early 1960s reportedly lowered the incidence of serious
contractures to around 75% (Gylbert et al., 1989), and the elimination of
patches and use of smooth single-lumen gel implants reduced
contractures further to about 50% or less (51.5% in gel implants followed
an average of 8.5 years, Fiala et al., 1993; see also Brandt et al., 1984;
Domanskis and Owsley, 1976; Gylbert et al., 1990a; Moufarrege et al.,
1987; Shapiro, 1989). From these beginnings the problem of contracture
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has been addressed, but not eliminated, in a number of ways. These in-
clude reducing the exposure of breast tissue to silicone fluid by using
saline implants or gel implants with barrier shells, addition of steroids to
the saline lumen of single or multiple-lumen implants, measures to con-
trol infection and hematoma, positioning of implants under the pectoral
muscle instead of the mammary gland or breast skin, and development of
polyurethane and textured implants.

As with ruptures, the reported prevalence of contracture depends on
a number of factors, such as varying detection, the assembly of cases
which may or may not be symptomatic or have other biasing factors, the
different placements of implants, and timing of assessment and length of
follow-up. Studies that attempt to examine unselected groups of women
and account for these factors can give a perspective on contracture preva-
lence. Such studies are cited in the discussion that follows. Reports of
high modern contracture prevalence probably reflect selected case series,
for example, Solomon’s (1994b) report of 71% Class IV contractures in 639
women with silicone gel implants at 440 days on average after placement.

Tissue Exposure to Silicone and Contracture

There are some data defining the amount and characteristics of the
silicone gel fluid diffusing through the barrier and nonbarrier shells of
implants from some manufacturers, but they are far from complete (see
Chapter 3 and below). The total amount and definition of molecular spe-
cies diffusing over specific units of time in the actual clinical situation for
a given implant are not known. Qualitatively, silicone droplets are often
visible in capsular tissue, however, and their presence has been said vari-
ously to correlate (Barker et al., 1978; Domanskis and Owsley, 1976;
Wilflingseder et al., 1974) or not to correlate with capsular thickness and
contracture (Gayou, 1979; Rudolph et al., 1978; Thuesen et al., 1995). Mea-
surements in these studies are too subjective to constitute reliable indica-
tors of capsular silicone content. Silicone droplets (from gel implants) or
fragments (from saline or textured implants) are also seen from time to
time in breast tissue capsules, both intra- and extracellularly in axillary
lymph nodes (Barnard et al., 1997; Thuesen et al., 1995; Vargas, 1979), and
in the dermis of the scar at the operative insertion site, probably silicone
gel fluid rubbed off the implant during implantation (Raso et al., 1996).
Such droplets in capsular tissue and within distended macrophages have
been proven to contain silicon (Winding et al., 1988). Quantitatively (what
is presumed to be), silicone has been measured in the circulating blood or
serum and in capsules, breast, and other tissues, mostly by technologies
that measure the presence of elemental silicon, not a specific organic form
such as siloxane. Attempts have been made to correlate these measure-
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ments with the clinical findings, but they have been variable and incon-
clusive, as noted below.

The technologies for obtaining an accurate determination of silicone,
as silicon, in blood and tissue have evolved continuously. Results have
been reported in different units, and actual readings have varied enor-
mously as different technologies have been used and increasing care to
eliminate contamination of sample from ubiquitous environmental
sources or loss from sample due to volatilization has been exercised (see
review of Cavic-Vlasak et al., 1996; and also Peters et al., 1995c¢). This has
made it difficult to interpret results with confidence. In fact, it is difficult
to be sure in various reports that contamination has been completely
avoided. Silicon intake in the diet and in water or other drinks (including
silicone, Kacprzak, 1982) can be substantial and can vary widely (20-50
mg SiO,/day, Bellia et al., 1994; reflected as daily urinary silicate excre-
tions in this range, Berlyne et al., 1986; from 0.68 to 17.3 mg per liter of
mean silicon compounds in drinking water in various U.S. cities,
Morykwas et al., 1991; 9-14 mg of silicon ingested per day, Cavic-Vlasak
et al., 1996). Silicone parenteral, oral, dermal or inhalation exposures are
substantial and variable, with sources including lubricants in syringes
(see Chantelau and Berger, 1985; Chantelau et al., 1986; Collier and
Dawson, 1985), antifoams in foods, surfactants, emulsions, polishes, wa-
ter repellents, textile finishes, fluid and powder treatments in skin and
suntan lotions and other cosmetic products, antiperspirants, hair care
products, shaving cream, anti-foams in many pharmaceutical products,
and so on as is often reported in the labeling of these common consumer
products (Cavic-Vlasak et al., 1996; Shields et al., 1996; Silicones Environ-
mental Health and Safety Council, 1994).

Poly(dimethylsiloxane) is about 37.8% (Kala et al., 1997, Thomsen et
al., 1990) or 38.3% (Garrido and Young, 1999) elemental silicon by weight,
and the technologies that measure silicone concentrations in various tis-
sues usually detect the element silicon in the silicone and express results
as weight of silicon per milliliter of serum or fluid or per gram of tissue or
tissue dry weight. These values could be converted, of course, to the
approximate weight of PDMS by multiplying by 2.6. However, this should
be done with care, since, although it is likely when silicone droplets are
seen—it cannot be assumed that the silicon is in the form of silicone; it
may be in other silicon compounds. Some of these technologies measure
silicon in gross blood or tissue samples, (e.g., atomic absorption spectros-
copy, gas-liquid spectroscopy, inductively [or direct] coupled plasma
atomic emission spectroscopy, and mass spectroscopy). Other technolo-
gies can locate and identify silicon in microscopic sections using energy
dispersive x-ray analysis or scanning electron microscopy (Winding et al.,
1988). Silicone compounds can be identified by NMR, Fourier transform
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infrared microspectroscopy (FTIR) and laser Raman microprobe, the lat-
ter two useful in microscopy (see review of Cavic-Vlasak et al., 1996 for
discussion of these and other technologies).

Normal serum silicon levels, which vary slightly from blood or
plasma levels (Bercowy et al., 1994), have been determined mostly, but
not always, from groups of women assembled as controls for implant
studies or studies of renal disease. These analyses have been controlled
with calibration curves against known standards of hexamethyldisiloxane
and analysis of tissues spiked with this compound (Evans et al., 1994,
1996) or other silicon-containing standards, including bovine liver tissue
standards, recovery of spiked samples, repeat assays, and the like. Aver-
age serum (unless otherwise noted) silicon levels reported include <0.2—
68 (mostly <0.6) ug/ml (Bercowy et al., 1994); 0.265 pg/ml in plasma of
men (Berlyne et al., 1986); 0.6 ug/ml (Dobbie and Smith, 1982a, 1986,
converted from micromoles per liter, 35.6 umole/L =1 ug/ml); 0.17 pg/
ml in plasma (Gitelman and Alderman, 1992); 0.22 ug/ml (Hosokawa and
Yoshida, 1990); 0.25 ug/ml (Jackson et al., 1998); 0.03-0.209 ug/ml (Leung
and Edmond, 1997); 0.02542 pg/ml, mean, and 0.02175 ug/ml, median
(Macdonald et al., 1995); 0.1498 ug/ml in blood (Malata et al., 1994a);
0.01-0.25 pg/ml (Marco-Franco et al., 1991); 0.11 ug/ml in blood (Mauras
et al., 1980); 0.02528 pug/ml, mean, and 0.01705 pg/ml, median in blood
(Peters et al., 1995); 6.24 pug/ml in blood (Sun et al., 1996), 0.14 pg/ml
(converted from micromoles per liter, Roberts and Williams; 1990), 0.27
ug/ml and 0.23 pg/ml, mean 1 week and 1 month, respectively, post-
partum (Tanaka et al., 1990, converted from micromoles per liter), and
0.13 ug/ml (Teuber et al., 1995a, 1996). These values have been compared
to measurements from women with silicone gel breast implants. The se-
rum or blood values from women with breast implants have been found
by some to be not significantly different from normals listed above and
reported at the same time—0.1355-0.1680 ug/ml in women with intact or
ruptured implants (Malata et al., 1994a), and a mean of 0.02711 pug/ml, =
or median of 0.02531 pg/ml (MacDonald et al., 1995). Others report ap-
proximately double levels in women with breast implants compared to
the normal levels reported (see above, e.g., mean, 0.03909 ug/ml, median
0.03345 pug/ml [Peters et al., 1995a], 16.16 ug/ml [Sun et al., 1996] and 0.28
ug/ml [Teuber et al., 1995a; 1996]). Much of this serum (or plasma) silicon
in normal men and women, and presumably in women with implants, is
in the form of silicic acid or magnesium or calcium silicate and is excreted
as such by filtration (and in some instances tubular secretion) by the
kidney (Adler and Berlyne, 1986).

Garrido et al. (1994, 1996) found blood values by NMR that were
below their detection limits in normal women and several orders of mag-
nitude higher (i.e., milligram versus microgram quantities) than those

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9602.html

154 SAFETY OF SILICONE BREAST IMPLANTS

cited above in women with breast implants (31-143 millimole, total sili-
con) and also detected silicone breakdown products. An effort to confirm
these results by NMR in implanted women was unsuccessful. If the mi-
crogram values in blood and serum cited above are correct, these levels
are below the detection limit of the NMR technology used (Macdonald et
al., 1995; Garrido and Young, 1999; Taylor and Kennan, 1996). If the milli-
gram values reported by Garrido et al. are correct then gram quantities of
silicone are in the circulation at any given time. If such elevated blood
levels are correct, one would expect that levels of at least the same order
of magnitude would be seen in body tissues that must be in some sort of
equilibrium with blood and, in fact—at least for lower molecular weight
silicones—are known to be in equilibrium with blood (see descriptions of
D, and D toxicology in Chapter 4). Such levels have not been reported by
any technology except NMR (Garrido et al., 1994) in other human tissue
than capsules around gel implants, and studies reporting these capsular
levels also report levels in tissue in the few microgram range (see below).
It was recently suggested that the 1994 analysis of Garrido et al. (1998)
might have to be rethought (Garrido et al., 1998; MacDonald, 1999). In
addition, studies have not confirmed the presence of crystalline silica
(suggested as a breakdown product of silicone) in breast capsular tissue
(IRG, 1998; Pasteris et al., 1999). Serum or blood levels of silicon do not
correlate with whether an implant is intact or ruptured (Jackson and Den-
nis, 1997; Malata et al., 1994a; Peters et al., 1995a; Teuber et al., 1995a,
1996) or the duration of implantation (Jackson and Dennis, 1997; Peters et
al., 1995a; Teuber et al., 1995a, 1996). The marked difference between
capsular levels (or even pericapsular breast tissue levels) and blood-
serum or distant tissue levels raises a question about the feasibility of
movement of silicone (specifically from gel and elastomer) into the blood-
stream and its dissemination from such depots with high concentration
gradients. This question requires further investigation.

Almost all studies have agreed that there are baseline levels of silicon
in normal breast and other tissues. Values reported range from the detec-
tion limit of 2.00 ng/g to 9.46 ug/g dry weight of heptane-extracted
organosilicon in breast in a comparative autopsy case series of implanted
and nonimplanted women. Some higher values in spleen and lung tissues
were seen in the nonimplanted than in the implanted cadavers (95th per-
centile, 134.4 and 45.22 ug/g dry weight, respectively, versus 58.92 and
16.00 pg/g dry weight). The majority of implanted women in this report
had at least one positive axillary node (presumably) by light microscopy
for extra- or intracellular silicone (Barnard et al., 1993). Other reports
include the following: 0.5-6.8 ug/g tissue in breast, liver, spleen, and
subcutaneous tissue in an autopsy case series of women without implants
(Evans et al., 1994); 0.25-2.4 pug/g dry (breast) tissue in women without
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implants (Leung and Edmond, 1997); median levels of 27 ug/g and mean
levels of 60.5-64 ug/g dry (breast) tissue in an operative, breast reduction,
control series, range 4-446 ug/g (McConnell et al., 1997; Schnur et al.,
1996; Weinzweig et al., 1998); and 0.025-1.460 ng/g dry weight in heptane
extracts of normal breast tissue (Peters et al., 1995a).

Elevated levels of silicon are reported in capsules around intact saline
implants, but not in breast tissue beyond the capsule. Reports include
capsule levels in saline tissue expanders of 44-1,380 pg/g tissue (Evans
and Baldwin, 1996); median capsular levels of 7.7 ug/g dry (heptane
extracted) weight (Peters et al., 1995a); median capsule levels of 71.5 pug/
g with a mean of 140.7 pg/g and median breast tissue levels of 28.0 ug/g
with a mean of 56.5 ug/g dry weight (Schnur et al., 1996). In an extension
of their 1996 report, Evans and Baldwin (1997b) reported control cadaver
silicon tissue levels from various organs averaging 2.2 ug/g tissue, with a
median of zero and undetectable levels in >50%. Levels in the capsules of
silicone elastomer port-a-catheter chemotherapy implants averaged 8.04
ug/g tissue; levels in capsules of saline implants or expanders averaged
292 ug/g tissue with a median of 110 pg/g tissue; and levels in non-breast
tissue sites of women with saline and gel implants averaged 3.2 ug/g
tissue, with a median of 2.7 ng/g tissue and undetectable levels in 18%,
that is, not significantly different from controls. Apparently tissue silicone
levels are increased even around small short-term non-breast silicone
implants. (Evans and Baldwin, 1997a,b). The saline inside an implant con-
tains on average 10-12 ug/ml silicon, and when the implant deflates this
silicon is released into the capsule (presumably as silicone) and some
probably reaches the surrounding breast tissue (McConnell et al., 1997).
Deflated saline implant capsule and tissue levels reported include the
following: capsule, range, <5-2818 ug/g dry weight (McConnell et al.,
1997); capsule, median, 198 ug/g and mean 883 ug/g; and breast tissue,
median and mean, 116 pug/g dry weight (Schnur et al., 1996).

Very high silicon levels are reported in capsules around silicone gel
implants and intact and ruptured implant capsules: 15-9,800 pg/g of
PDMS in formalin--fixed tissue (Baker et al., 1982); 75-9,000 ug/g tissue
(Evans and Baldwin, 1996); average levels in capsule around silicone gel
implants of 1,439 ug/g tissue, with a median of 490 ug/g tissue (Evans
and Baldwin, 1997b); 29-496 ug/g dry weight in presumably intact im-
plant capsules (Leung and Edmond, 1997); a median of 11,492 ug/g and a
mean of 11,613 pg/g in intact implant capsules with a median of 85 ug/g
and a mean 490 ug/g in breast tissue. Levels reported for ruptured im-
plant capsules are: a median of 13,590 ug/g and a mean of 14,683 ug/g,
with a median of 64 ug/g and a mean of 3,332 ug/g in surrounding breast
tissue, and axillary lymph node levels of 11,879 ug/g dry weight
(McConnell et al., 1997). Capsules of intact and ruptured implants mea-
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sured 9,979 ug/g, range 371-152,000 pg/g dry (heptane extracted) weight
(Peters et al., 1995a); 0.252-116.9 ug/gram dried capsule (Sun et al., 1996);
a median of 8,118 ug/g and a mean of 13,685 ug/g in intact implant
capsule, with a median of 73.0 ug/g and a mean of 265.3 ug/g in breast
tissue, a median of 12,666 ug/g and a mean of 14,751 ug/g in ruptured
implant capsule with a median of 216.0 ug/g and a mean of 2,430 ug/g
dry weight in surrounding breast tissue (Schnur et al., 1996); capsules of
intact, 1,400 pug/g, and ruptured or possibly ruptured implants, 5,600
6,800 pg/g tissue of heptane extracted silicone (Thomsen et al., 1990).
Using NMR, levels of 0.05-9.8% silicone by weight were reported in ex-
cised capsules of gel implants (Garrido and Young, 1999). A number of
reports have confirmed a two-to tenfold variability of silicon levels from
location to location in capsular tissue, as well as some variation in cap-
sules from each breast in the same woman. If silicone levels are related to
contracture, the relationship appears to be unpredictable and random
(Baker et al., 1982; Evans and Baldwin, 1997b; McConnell et al., 1997).
One study detected silicone degradation to silica and “high coordi-
nated silicon complexes” inside gel implants (Pfleiderer et al., 1993a), and
some reports speculate that electron microscopy or FTIR may indicate
some degradation forms of silicone in tissue (Greene et al., 1995a; Hardt et
al., 1994). Other investigators, however, using NMR and laser Raman
microprobe have reported that the silicone inside the gel implant and in
the capsular tissue is chemically the same, i.e., only PDMS (Centeno et al.,
1994; Garrido and Young, 1999), and that implant gel is stable in vivo over
prolonged periods (Dorne et al., 1995). The weight of current evidence
does not support the detection of silica or other silicone degradation prod-
ucts by the reported technologies. There is no correlation between im-
plant age and capsular silicon level in most reports (Baker et al., 1982;
Barnard et al., 1997; Evans and Baldwin, 1997b; Peters et al., 1996; Schnur
et al., 1997), although one analysis of intact gel implants found a signifi-
cant correlation between implant age and silicon levels (McConnell et al.,
1997). Also, a qualitative analysis of silicone migration through the cap-
sule found greater migration with implant age (Beekman et al., 1997a). A
few investigators have reported that there is no correlation between the
integrity of the implant and silicon capsular levels (Evans and Baldwin,
1996; McConnell et al., 1997; Peters et al., 1995a). Not surprisingly, sili-
cone is found microscopically or analytically in tissue around non-breast
silicone elastomer implants (Evans and Baldwin, 1997a; Needelman, 1995;
Peters et al., 1995a). A preliminary report of implanted rabbits described
more silicone per gram of tissue in capsules from ruptured than from
intact gel implants, and tissue silicone levels in organs of implanted ani-
mals were the same as controls except for brain and capsule in which
significantly higher levels were measured (Marotta et al., 1996b).
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These data define in part the exposure of women to silicone from
breast implants, which appears to be primarily and usually from the im-
plant, its capsule, and the immediately surrounding breast tissue and
axillary lymph nodes. Silicon found in distant tissues apparently reflects
human exposure to ubiquitous silicon or silicone from the environment,
and concentrations in tissue and fluids of women with implants are not
significantly higher than control values from women without implants.
This does not mean that all implant silicone is accounted for. Small
amounts of low molecular weight compounds from gel fluid are likely to
diffuse or be transported away from their source and to be subject to lung,
hepatic, or renal clearance, as some elevated blood levels (if accurate)
might imply. This is consistent with animal studies using carbon-14 (*C)
labeled silicone. Only 33—47 pg of 500,000 pg of silicone gel (with 80%
extractable 1,000 centistoke, 1*C-labeled PDMS fluid) implanted without a
containing shell in the backs of mice left the implantation site over 20
weeks the majority of which was excreted in urine, most of the balance
being found in regional nodes (FDA, 1992a, vol. I, pp 86-87, vol. II, pp 94—
96, Isquith et al., 1991, see also the review of distribution and pharmacoki-
netics of D, and to some extent D; in Chapter 4). The substantial variation
in silicon measurement levels reviewed here, however, raises a question
of the reliability of some of these data, which appear to be outliers and
suggests caution in extrapolating from these results. Because one cannot
be sure how reliably contamination or volatilization was ruled out in
reports, and therefore how accurate silicon determinations were, the com-
mittee believes that the situation calls for an effort to develop and agree
on standardized technologies and normal biologic measurement values
that can be used as accepted references in research and clinical medicine.

Silicone exposure, as measured by capsular silicon levels, was not
found to be associated with connective tissue or autoimmune disease-like
signs or symptoms (Evans et al.,, 1996; Evans and Baldwin, 1997b;
Weinzweig et al., 1998). These data also provide a context for considering
the association between implants and local complications. Evidence for a
relationship of tissue silicon concentrations and changes in the breast,
including capsular contracture, is insufficient. Silicon levels were corre-
lated with microscopic changes such as foamy histiocytes and vacuoles;
that is, the levels were associated with microscopic signs of silicone in the
tissue, but not with inflammation, giant cells, or calcification (McConnell
et al., 1997). Silicone levels were also correlated with an abundance of
fibroblasts and lymphocytes, silicone droplets in the tissues, and sparse-
ness of plasma cells (Thomsen et al., 1990). Thomsen’s report stands alone
in suggesting a direct relationship, measured by quantitative analytic tech-
niques of silicone equivalents, between increasing silicone capsular tissue
levels and increasing fibrosis. Using a semiquantitative technique, energy
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dispersive x-ray analysis (which suffers from the sampling problems of
electron microscopy), Jennings et al. (1991a,b) reported that tissue silicon
levels were lower in more severely contracted than in soft capsules. How-
ever, these levels were higher in capsules around gel than around saline
implants and diminished rapidly with distance from the implant (Jennings
et al,, 1991a,b).

Other evidence for the relationship of silicone exposure to contrac-
ture depends on the lesser frequency of contracture observed with im-
plants that deliver less silicone to the tissue, (e.g., saline and, at least
initially, barrier implants). Capsules around saline implants have been
reported to have less microscopically detectable silicone, as noted earlier
in this chapter. Barrier implants allow diffusion of smaller quantities of
silicone gel fluid through the shell in vitro, but the actual measured im-
plant capsular tissue silicon levels between one manufacturer’s barrier
and nonbarrier implants did not reveal a difference (Peters et al., 1996),
and one study comparing gel fluid diffusion amounts among different
implants removed from patients did not find differences between barrier
and nonbarrier shells (Marotta et al., 1996a). This may reflect the known
individual variability of silicon tissue levels or the loss of barrier effective-
ness over time as suggested in this and other reports.

Frequency of Capsular Contracture—Saline Implants Compared to
Gel Implants

As noted earlier, reports of the frequency of capsular contracture suf-
fer from many of the same problems as studies of breast implant rupture
in the plastic surgery literature. Reports use different units (percentage
patients, percentage breasts); some give Baker class, others do not, some
use Class II-1V, others Class III-IV. In addition, there are many variables
such as submammary or submuscular placement, use or nonuse of ste-
roid, mixing of different makes of implants, variable and too short follow-
up periods, and noncomparable study and control groups. In general,
however, the results seem to support a lower frequency of contracture
around saline implants compared to gel. The following frequencies refer
to Class III-IV contractures, unless otherwise noted.

Asplund reported contractures in 55% of capsules around gel and
20% of capsules around saline implants in women with reconstructions
(Asplund, 1984). Similar figures, 50% in gel and 16% in saline implants,
were reported for this same group of women five years later by Gylbert
(Gylbert et al., 1990b). McKinney and Tresley (1983) reported contracture
frequencies of 36% around gel and 24% around saline implants in breasts
of augmentation patients. Hetter (1979) reported gel implant capsular
contractures of 64% and saline implant capsular contractures of 40% in
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women augmented in multiple surgical practices with different models of
implants. Cairns and de Villiers” (1980) contracture results for augmenta-
tion were 81.1% with gel, and 8.3% with saline implants. Reiffel et al.
(1983) reported “firmness” in a group of 307 women from three plastic
surgery practices receiving gel and saline breast implants primarily in the
1970s. There was a statistically significant greater frequency of firmness in
the whole group after augmentation with gel implants (61%) than with
saline implants (23%), and the differences were similar and statistically
significant in each practice taken separately. In this study follow-up was
generally short, from 6.8 to 29 months. Edworthy et al. (1998) reported
36.3% Class III-IV contractures in left breasts and 40.7% in right breasts of
women with gel-filled implants (N = 1,112) and 18.2% Class III-IV
contractures in left and 22.3% in right breasts of women with saline-filled
implants (N = 352) in a large survey series of augmentations. Their aggre-
gate figures for contractures per patient were 56.8% of women with gel
implants and 40.5% of women with saline implants.

Other substantial numbers of Class III-IV contracture of capsules
around gel-filled implants have been reported: 79% at 15-21 years after
submammary augmentation (Gylbert et al., 1989); 44% of gel submuscular
implants (Hakelius and Ohlsen, 1997); 40% of augmented breasts with
“firmness” leading to reoperation in more than a third (Domanskis and
Owsley, 1976); 45% of augmented breasts with Class II-IV contractures
needing capsulotomies (Brandt et al., 1984); 56% Class III-IV contractures
of 60 breasts augmented with double-lumen implants in the placebo arm
of an antibiotic treatment trial (Gylbert et al., 1990a), and 14.6% of 1,454
breasts requiring reoperation in 749 women (Gabriel et al., 1997). Very
low rates of contracture around saline implants have been reported in
two large series: 1.3% (Lavine, 1993); and 1.1% (Mladick, 1993). Also 1.9%
contractures were reported in a smaller experience (Capozzi, 1986). How-
ever, in the large series of Gutowski et al. (1997), Class III-1V contracture
(as graded by the patients) plus the number of patients requiring open or
closed capsulotomy totaled 20.4% of patients; the prevalence of Class III-
IV contracture reported by Rheingold et al. (1994) was 9.5%, and by
Francel et al. (1993) in immediate and delayed reconstruction using im-
plants or expanders was 11% and Worseg et al. (1995) reported 37.6%
contracture. All of these saline implant series had adequate to good length
of postoperative follow-up.

The Class III-IV contracture frequencies for mostly textured, saline
implants at 12 months cumulative follow-up in the modern McGhan LST
of 2,855 women were 6.2% overall, 5.5% for augmentation, 10.6% for re-
construction, and 8.8% for revision. Undoubtedly, contractures will con-
tinue to occur beyond 12 months. The figures for gel implants in the
McGhan AR90 five-year clinical study were 9.3% of augmented breasts
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and 4.9% of reconstructed breasts. The better value for reconstructions at
five years may be explained in part by the predominance of textured
implants used for reconstruction (94.4%) versus augmentation (62.1%)
and in part by the submuscular placement used for reconstruction (98.1%)
versus augmentation (50.9% submuscular, 49.1% submammary). Histori-
cally, contracture has been found to be more frequent following recon-
struction (reviewed in Environ, 1991). The 1990 Dow Corning figures at
two years were 17.6% Class III-IV contracture for Silastic II, and 8.6% for
Silastic MSI implants in augmentation (Bowlin et al., 1998). All of these
studies have so many variables, such as different vintages and manufac-
turers of implants, follow-up, placement, texturing, and indications for
implantation among others, that it is not possible to draw a firm conclu-
sion about the frequencies of contracture in capsules around saline- or
gel-filled implants, but the evidence suggests that women can expect more
contractures around gel implants than around saline implants if these are
the only variables.

Barrier Implants and Contracture

Barrier-coated shells also decrease tissue exposure to silicone by slow-
ing the diffusion of gel fluid through the implant shell at least for some
years. Animal experiments in mice, guinea pigs and rabbits showed quali-
tatively less silicone in tissue around “low bleed” implants and softer, less
contracted capsules (Barker et al., 1981, 1985; Caffee, 1986a). Implants
with a McGhan barrier to gel fluid diffusion (presumably the dimethyl
diphenylsiloxane, Intrashiel, technology) were compared to standard gel-
filled implants in rabbits. Silicone was observed and confirmed by scan-
ning electron microscopy or electron dispersive x-ray analysis in signifi-
cantly more (11 of 20) capsules around standard implants than in capsules
(1 of 10) around barrier implants, although there was no difference in
capsule firmness (Rudolph and Abraham, 1980). In a very preliminary
study, Price and Barker et al. (1983) expressed the opinion that Silastic II
barrier implants appeared to be lessening contracture. They were less
sure about Intrashiel implants. Their findings consisted of eight “contrac-
tions” of unspecified severity in 170 (4.7%) breasts after very short follow-
up. Chang et al. (1992) compared conventional implants from several
manufacturers and low-bleed gel Silastic Il implants in women augmented
submuscularly. At more than a year of follow-up, with conventional im-
plants the Baker scores averaged 1.65. There were 16% Class III-IV con-
tractures. The low-bleed implants had a Baker score average of 1.07. There
were no Class III-IV contractures. These were significant differences
(Chang et al., 1992). Biggs et al. (1993) compared their low-bleed and
conventional results at more than a year follow-up. There was no signifi-
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cant difference between the percents of patients with Class I soft breasts,
but in submuscular cases the percent Class III-IV contractures was mini-
mally significantly lower with low-bleed implants. In women with sub-
mammary implantation, the low-bleed implants produced significantly
fewer severe contractures than the conventional smooth single-lumen gel
implants.

The definite proof of a relationship between tissue silicone and con-
tracture in humans is lacking since no study of adequate power has held
all other variables constant and compared actual tissue silicon measure-
ments to contractures. There is considerable inconsistency among various
reports as noted earlier. In the reported literature, qualitative assessments
of silicone droplets or a few measurements of silicon may or may not
correlate with contracture severity. On the other hand, silicone fluid in-
jected into breasts causes fibrosis and walling-off of silicone deposits, and
gel implants are associated with much higher capsule and tissue silicon
measurements. Saline-filled and barrier-coated implants appear to be as-
sociated with lower tissue silicone exposure and fewer and less severe
contractures compared to conventional gel implants in a preponderance
of the studies cited above. Fibrous capsules form around any foreign
body, and contracture of these capsules is undoubtedly multifactorial,
however. Until definitive studies are carried out, it seems reasonable to
assume, based on current evidence, that silicone fluid and gel may con-
tribute to contracture rate and severity and that this can be beneficially
influenced by barrier technology or by substituting saline filler.

Effect of Implant Surface on Contracture

Experimental work on the effects of surface characteristics of foreign
bodies and clinical experience with polyurethane foam-covered implants
suggested that providing breast implants with a “rough” or textured sur-
face might result in fewer and less severe contractures. Capsular reactions
to texturing and polyurethane have been described earlier in this chapter
and in Chapter 3. Some experiments in rats and rabbits failed to show an
advantage of textured implants or showed some advantage only with
expanders (Barone et al., 1992; Bern et al., 1992; Bucky et al., 1994; Caffee,
1990). Other studies in the same kinds of experimental animals revealed
decreased capsular contractures around the textured implants which were
related in some cases to the depth and spacing of the texturing; in other
cases there were strikingly different prevalences (Brohim et al., 1992;
Cherup et al., 1989; Clugston et al., 1994; Maxwell and Perry, 1995; Smahel
et al., 1993). Texturing seems to have differing effects on capsule charac-
teristics depending on the characteristics of the texturing. In some cases,
almost no effects are noted if surface deformities are shallow (den Braber
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et al.,, 1997), but in other instances where (human) cellular activity was
studied on elastomer surfaces with shallow (0.5 m) grooves of varying
width and spacing, fibroblast proliferation and orientation differed as the
surface changed (van Kooten et al., 1998). In one study, lower reactivity of
capsular tissue to smooth muscle stimulants was also observed (Malata et
al., 1993).

With few exceptions, a number of clinical trials or observational stud-
ies have supported the association of texturing with less severe capsular
contracture. Asplund et al. (1996) found 3-9% Class III-IV contractures
around textured implants and 10-20% around smooth-surfaced gel im-
plants from the same manufacturer, measured by three techniques (two
of which provided a statistically significant difference) in submuscular
augmentation. In a study directed primarily at exploring the role of infec-
tion in contracture, texturing provided a significant enhancement of con-
tracture control for the saline inflatable implants of one manufacturer
(Burkhardt and Eades, 1995). A study designed to further explore antibac-
terial effects in submammary augmentation compared textured and
smooth saline implants of another manufacturer and found, respectively,
2 and 40% Class III-1V contractures (Burkhardt and Demas, 1994).

A prospective controlled trial using submammary gel-filled, low-
bleed implants that were identical except for texturing produced Class
II-IV contractures in 58% of smooth and 8% of textured implants
(Coleman et al., 1991). A five-year follow-up of these women produced
essentially the same highly significant results—11%, and 59% Class III-IV
contractures in the textured and smooth devices, respectively, and 31%
replacements for the smooth implants (Malata et al., 1997). Using im-
plants of yet another manufacturer, Ersek (1991b) reported double-lumen
(with steroid) implant Class III-IV contractures of 34.5% for smooth sub-
mammary, 7.9% for submuscular, 2.5% for textured submammary, and
0% for textured submuscular implants. Hammarsted et al. (1996) reported
that postmastectomy reconstruction patients implanted with double-lu-
men textured and smooth gel implants (from different manufacturers)
with intraluminal steroid had, respectively, 9 and 24% Class III-IV con-
tractures. McCurdy (1990) compared two different textured gel implants
with polyurethane-coated implants and smooth double-lumen implants
and found that texturing was as effective as polyurethane in eliminating
contractures, whereas smooth implants produced 25% contractures.

In a study with a short follow-up of women with breast augmentation
using gel implants, Pollock (1993) reported 21% of patients with Class II-
IV (13%, Class III-1V) contractures around smooth, barrier shell implants
and 4% with Class II-IV (2%, Class III-IV) contractures around textured
implants with otherwise the same shells from the same manufacturers.
These results are biased against finding a beneficial effect of texturing
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since the smooth implants were more often (24% versus 1%) placed in the
submuscular position, which should have lessened contractures of their
capsules. In a comparison study of patients with textured and smooth
surfaced, but otherwise identical, gel-filled implant placed in opposite
sides, the textured implant was unequivocally preferred by the women
and rated better by surgeons in terms of contracture (Hakelius and Ohlsen,
1997). The Dow Corning 1990 multisite study of its smooth and textured
gel implants reported half as many Class III-IV contractures around the
textured as around the smooth implants (Bowlin et al., 1998). Vogt et al.
(1990) reported a multicenter survey using textured double-and single-
lumen implants, some with steroid or antibiotics, compared to historical
controls. After 12 months the contractures around textured implants were
1.8% overall, compared to the historical controls of 25% and 22% (Little
and Baker, 1980; Moufarrege et al., 1987; Vogt et al., 1990).

In a rare negative study, Handel et al. (1995) used a corrective factor
for different follow-up periods and reported similar contracture frequency
around various saline and gel smooth, textured and polyurethane im-
plants from a number of manufacturers. In a second negative study, 20
consecutive patients at least two years after unilateral mastectomy were
given either textured or smooth expanders, followed shortly thereafter
with textured or smooth gel-filled implants. There was no difference in
contracture or the thickness of capsules between the two groups, although
the textured implant capsules contained many silicone fragments
(Thuesen et al., 1995). In another, more impressive negative study, Tarpila
et al. (1997) augmented a small group (N = 21) of women in the sub-
mammary position with a randomly placed textured saline implant in
one breast and a smooth saline implant in the other. The implants were
the same size and shape from the same manufacturer. Class III-IV con-
tractures were 38% around the smooth and 29% around the textured pros-
theses, results that were not significantly different statistically (Tarpila et
al., 1997).

These authors speculated that textured (and thicker) shells may re-
duce gel fluid diffusion from gel-filled implants which would explain the
reduction in contracture around these implants. However, it would not
explain how textured saline implants reduce contractures in most studies,
where there is no gel or gel fluid diffusion, and also where fragments of
silicone elastomer in tissue are more frequent than in smooth implants.
There is no evidence for lower silicon levels in capsules around textured
implants, and as noted earlier, these capsules have clearly different cellu-
lar characteristics that most probably play a role in their effect on contrac-
ture. Although studies that control all variables except texturing and have
adequate numbers are not available, this evidence suggests that capsular
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contracture is less with textured implants than with smooth surfaced im-
plants.

Effect of Steroids on Contracture

Local adrenal cortical steroid treatment may also play a role in con-
tracture and in the safety of silicone breast implants. Steroids have been
placed in the lumen of saline implants, in the saline lumen of double-
lumen implants, or in the tissue pocket that receives an implant. It is
speculated that steroid in single-lumen implants may deliver higher tis-
sue concentrations and thus provoke more steroid complications than in
double-lumen implants. In the latter the diffusion may be divided into
both an outward to the tissue and an inward to the gel lumen direction.
This presupposes that steroid concentrations are made equal in the un-
equal saline volumes of the two implant types by adjusting total dosage,
and also assumes that the effects of such adjusted total dosage depend on
concentration relationships. These are unproved assumptions. Exactly
what happens to forms of methylprednisolone (SoluMedrol) or triamci-
nolone (Kenalog) placed in the lumen of saline implants could not be
determined from reports found in the breast implant literature. Conflict-
ing in vitro studies found that steroid diffusion out of the implant was
very slow—a few months to years in duration—and likely varies with the
physical and chemical characteristics of the implant shell. Continuing
steroid diffusion probably results in exposure of surrounding capsular
and breast tissue to pharmacologic concentrations of steroids over pro-
longed periods of time as clinical experience suggests. Berman et al. (1991)
concluded that about 30% of the methylprednisolone might be in the shell
at any one time depending on its thickness, or depending on the drug’s
chemical formulation, it might be variably subject to hydrolysis or crystal-
lization from solution (Berman et al., 1991; Cohen, 1978a; Cucin et al.,
1982; Morykwas et al., 1990; Perrin, 1976; Spitalny et al., 1981). In addi-
tion, as Gutowski et al. (1997) recently noted, steroid inside saline im-
plants may be, in their experience, a risk factor for twofold increments in
deflation rate. Manufacturers have pointed out that the interaction of this
chemical with the implant shell has not been investigated adequately, and
its use cannot be recommended (Gutowski et al., 1997). In addition, deliv-
ery of steroid from a breast implant is not an FDA-approved usage.

Because of the known effects of steroids on scar formation and in-
flammation, Peterson and Burt (1974) instilled 60 mg of triamcinolone
into the pocket on one side of eight bilaterally augmented women and
noticed that the treated side was consistently softer than the other over a
follow-up period that ranged from a few months to a year. This study had
insufficient follow-up, small numbers and unblinded assessment. Some
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subsequent communications reported failure of this technique
(Brownstein and Owsley, 1978; Kaye, 1978; Price, 1976). For example,
Biggs and Yarish (1990) reported that 14% of breasts treated with peri-
prosthetic steroids had Class III-IV contractures and only 4% of breasts
without steroids had this complication and Vasquez et al. (1987) also
found that steroid-treated breasts had more, but not significantly more,
contractures: 40.7% with, versus 31.7% without periprosthetic triamcino-
lone.

On the other hand, Hipps et al. (1978) found Class II-IV contractures
in 26% of women with implants for augmentation in a series treated with
60 mg of triamcinolone in the pocket around smooth gel implants, com-
pared with 35% contractures in the no-treatment group. Baker (1975) re-
ported a 10% decrease in Class II-IV contracture when 2040 mg of triam-
cinolone was placed in the tissue pocket. And Lemperle (1980) commented
that 20 mg of triamcinolone crystals in the pocket on one side seemed to
produce a softer augmented breast, but also a number of perforations due
to tissue atrophy at the location of the crystals. Local instillation of triam-
cinolone around implants in experimental animals failed to produce a
marked effect on capsules (Vistnes et al., 1978), or, in fact, any effect on
capsules or intraprosthetic pressures (Moucharafieh and Wray, 1977).
Reduction in contractures to 5% was noted after placing 62.5 mg of meth-
ylprednisolone in each saline prosthesis (Perrin, 1976), and recommenda-
tion of this treatment was repeated by Hartley (1976). Addition of 40 mg
of triamcinolone to the lumen of saline implants produced marked thin-
ning of the overlying tissue, inferior displacement of the implant, and
ptosis of the breast with impending extrusion after a few months. These
complications did not appear when 20 mg of methylprednisolone was
substituted (Ellenberg, 1977). A case of late erosion of a medium-sized
arterial branch with substantial hemorrhage and implant loss has also
been reported after triamcinolone at 40-mg dosage (Georgiade et al., 1979).

Experimental results reported by Ksander et al. (1978) using high
dose triamcinolone inside implants produced a number of extrusions and
disorganized, loosely knit, thinner capsules in the steroid treatment group,
although there was no measurable effect on hardness (Ksander et al.,
1978). In a later study, methylprednisolone at two dose levels (0.1 and 1
mg/ml) had a significant effect on capsule histology and compressibility
(Ksander, 1979). Subsequent reports of the use of 62.5 mg methylpred-
nisolone confirmed steroid complications of severe ptosis of the breast,
inferior displacement of the implant, atrophy and bluish discoloration of
overlying tissue, and implant extrusion as long as two years postopera-
tively and the need for replacement of 70% of the implants in one series
(Cohen, 1978a; Cohen and Carrico, 1980; Oneal and Argenta, 1982; Persoff,
1978). Lemperle (1980) found that using 50 mg in the outer lumen of
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double-lumen prostheses resulted in the need to replace the implants
with single-lumen gel implants after a year, although con-tractures fell
from 57 to 16% in his patients.

Carrico and Cohen (1979) reported that methylprednisolone in the
tissue around the implant had no effect on contracture (control and treat-
ment frequencies both 50%) and provoked no steroid complications. Me-
thylprednisolone at doses greater than 20 mg within the saline implant,
however, led to steroid complications in 61.5% of breasts and to 4% Class
HI-IV contractures, while doses of 20 mg led to steroid complications in
8.3% of breasts and 4.2% contractures. Because the same total dose may be
contained in different volumes of saline used to inflate the outer lumen of
the implant, concentrations of the drug may vary, and in this study, higher
concentrations appeared to correlate with increasing steroid complica-
tions (Carrico and Cohen, 1979). Ellenberg and Braun (1980) reported
their results with 20 mg or less methylprednisolone in double-lumen im-
plant augmentations compared with a control group of gel implants. The
control contracture rate was 67.6%. Those with 5-15 mg of methylpred-
nisolone experienced 11.9% contractures and 2.4% steroid problems, those
with 20 mg methylprednisolone experienced 9.9% contractures and 3.6%
steroid problems (Ellenberg and Braun, 1980).

In a study of a large number of patients comparing single-lumen gel
implants with double-lumen implants containing 12.5 mg of predniso-
lone, contracture frequencies were 19% in augmentations, 54% after sub-
cutaneous mastectomy, and 64% in post mastectomy reconstructions with
the gel implants without steroids. Contractures decreased to 4%, 14.9%
and 24.4% in these same categories when steroid-containing double-lu-
men implants were used (Lemperle and Exner, 1993). In a randomized
and controlled study, Spear et al. (1991) compared the Class II-1V con-
tractures and steroid complications of smooth double-lumen implants
with and without 16 mg of methylprednisolone, assigned randomly to
two well-matched groups of women undergoing submuscular reconstruc-
tion, 44 breasts with steroid and 45 without, followed for a minimum of
three years. Contractures were 14% in the steroid group compared to 44%
in the non-steroid group, and there was no difference in complications
between the two groups.

McCurdy (1990) compared textured gel implants from two manufac-
turers with polyurethane-coated implants and smooth double-lumen im-
plants with and without 20 mg methylprednisolone in submammary aug-
mentation. Although the follow-up was short in some groups, in general
the Class III-IV contractures were zero and 3.9% around polyurethane-
coated implants and steroid-added double-lumen implants compared to
25% with the no-treatment smooth double-lumen implants. The preva-
lence of local steroid complications was 17.1%, however.
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Although the total dose appears to be an important variable, it is
likely that the intraluminal concentration of steroid also plays a role, as
suggested by the data of Carrico and Cohen (1979) and the subsequent
reanalysis and discussion by Cohen and Carrico (1980). The much higher
complication rate reported by McCurdy (1990) than by Spear et al. (1991)
whose doses were similar (20 versus 16 mg) but whose concentrations
were markedly different, (i.e., 100 mg versus 40 mg per 100 ml of saline),
is also suggestive. In an inflatable saline implant, the steroid is contained
in a much larger volume and thus is present at a much lower concentra-
tion. Some authors report that the total dose of 20 mg in these cases never
causes a problem (Guthrie and Cucin, 1980). It is logical to assume that
the higher concentration gradient associated with the more concentrated
steroid would expose the tissue to a higher dosage of the drug, although
probably for a shorter time. In an analysis of their data by concentration
of steroid in the implant, Cohen and Carrico (1980) concluded that meth-
ylprednisolone should be administered according to concentration in the
implant and not according to total dose. Based on their clinical findings,
they recommended 5-10 mg/100 ml of saline as a reasonable level that
would minimize, but not eliminate, steroid complications and at the same
time have an effect on contractures.

This suggestive evidence for an effect of intraimplant adrenal cortical
steroid in decreasing contracture has to be balanced against the occur-
rence of steroid complications, the possible weakening of implant shells,
the availability of other modalities to reduce contracture, and the
nonapproved status of this intervention. The studies cited have, in gen-
eral, design problems, including small numbers, lack of controls, varying
dose levels, and placement of the steroid in implants with varying shell
characteristics, among others. The committee believes that, at a minimum,
before this treatment can be recommended, the behavior of a particular
implant as a delivery vehicle and the therapeutic results and complica-
tions of a defined dosage to tissue in properly controlled and randomized
studies would have to be determined.

Role of Infection and Antimicrobial Treatment

The safety of breast implants is affected by infections in a number of
ways. Surgical wound infections necessitate medical and surgical inter-
ventions. Infections of the implant or implant pocket often require exten-
sive treatment, including removal and replacement of the implant (e.g.,
Rheingold et al., 1994). A small number of these infections are caused by
unusual and recalcitrant microbes, including various fungi, mycobacte-
ria, and clostridia that resist rapid resolution or resolution without im-
plant removal. These organisms differ from the usual bacteria found in
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wounds or infecting implants perioperatively, such as Staphylococcus
aureus, B hemolytic streptococci, or less virulent staphylococcal species. A
diverse array of bacteria can be cultured from the surface of, or from
breast tissue around, implants often with no clinical signs, such as S.
epidermidis and related species, Propionibacterium acnes and related spe-
cies, S. aureus, anaerobic diphtheroids and more rarely Streptococcus A and
B, Escherichia coli, Enterococcus, Corynebacterium, Klebsiella, Pseudomonas
and infrequently others (Ablaza and LaTrenta, 1998; Ahn et al., 1996;
Brand, 1993; Clegg et al., 1983a; Coady et al., 1995; Courtiss et al., 1979;
Dobke et al., 1995; Foster et al., 1978; Gylbert et al., 1990b; Hunter et al.,
1996; Lee et al., 1995; Netscher et al., 1995b; Peters et al., 1997; Truppman
et al., 1979; Virden et al., 1992; Williams et al., 1982; Young et al., 1995a).
Some of these latter organisms, and occasionally fungi, may also be found
within saline expanders and inflatable implants, where they can survive
and even proliferate possibly supported by glucose that diffuses into, and
has been measured within, the implant (Blais, IOM Scientific Workshop,
1998; Chen et al., 1996; Coady et al., 1995; Nordstrom et al., 1988; Young et
al., 1997). Presumably they enter through the punctures in the inflation
ports (Liang et al., 1993). These periprosthetic organisms are usually dis-
covered on aerobic and anaerobic culture of implants, pockets and cap-
sules. They are often not involved in clinically apparent perioperative
infection problems, which for the most part are caused by S. aureus,
hemolytic streptococci or some less virulent staphylococci, are infrequent,
and occur within a month after surgery (Courtiss et al., 1979). In general,
studies of infection suffer from the use of varying culture technologies,
some failing to culture anaerobically or for a long enough time, some with
greater or lesser vigor and thoroughness in sampling the implant surface
or peri-implant tissue (Virden et al., 1992).

Local, perioperative infections are generally treated with antibiotics
and resolve, although they may contribute to pain or other complications.
The frequency of these infections is reported in many case series and
ranges around 1-4% after augmentation and significantly higher after
reconstruction (e.g., 13%, Bailey et al., 1989; 6%, Courtiss et al., 1979; 5%,
Crespo et al., 1994; 7%, Eberlein et al., 1993; 5.8%, Furey et al., 1994; 2.5%,
Gibney, 1987; 2%, Noone et al., 1985; 3%, O’Brien et al., 1993; 5%, Slade,
1984; 13%, Vinton et al., 1990) including one report of very high numbers
of infections, 8 of 15 patients (53%), in women undergoing immediate
postmastectomy reconstruction with expanders (Armstrong et al., 1989).
Gabriel et al. (1997) reported a combined total of 1.1% of breasts, im-
planted primarily for augmentation, reoperated for infection. Brandt et al.
(1984) reported 3.9% infections in gel augmented breasts. Biggs et al.
(1982) reviewing an 18-year experience reported 2-7.6% of patients reop-
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erated for removal of infected implants at various stages in the evolution
of this practice (Biggs et al., 1982).

The McGhan LST found 1.1 and 6.9% of breasts with infections after
saline augmentation and reconstruction, respectively, and the McGhan
AR90 (1998) five-year experience of infection with gel implants was 0.7%
of augmented breasts and 0% of reconstructed breasts. The Mentor ad-
junct study (1992) found 4.3 and 1.3% infections at the three-year follow-
up of gel implantation for reconstruction and augmentation, respectively.
Very infrequent infections in saline implant augmentation were reported
by Gutowski et al. (1997), 0.2%; and by Mladick (1993), 0%. A frequency of
infections in mostly inflatable saline implant augmentations of 1.5% was
reported by Rheingold et al. (1994). A survey by Brand of 73 plastic sur-
geons using a diversity of implants found frequencies of infection of 0.06—
0.16% for implants in augmentations and 0.3-6% for implants in recon-
structions. Since a long time interval was covered and “only severe
infections” were reported, considerable underreporting is probable in this
survey (Brand, 1993). In a Centers for Disease Control and Prevention
(CDC) survey of 2,734 plastic surgeons with a 67% response rate, wound
infection after augmentation was reported in 0.64% of patients (Clegg et
al., 1983b).

Some wound infections are not treated successfully with antimicro-
bial therapy and result in loss of the implant (Courtiss et al., 1979). Very
rarely, there are very serious or lethal complications such as staphylococ-
cal, streptococcal, or other bacterial toxic shock syndrome (Barnett et al.,
1983; Bartlett et al., 1982; Brown et al., 1997a; Giesecke and Arnander,
1986; Holm and Muhlbauer, 1998; Oleson et al., 1991; Poblete et al., 1995;
Tobin et al., 1987; see also Walker et al., 1997, for a case after explantation
and granuloma excision). Very rarely also, an infection may occur in an
otherwise well-tolerated implant many years after surgery without an
apparent inciting event (Ablaza and LaTrenta, 1998).

In addition there is evidence that infection is associated with increased
frequency and severity of implant capsular contracture and thus with the
interventions that accompany this complication. The tissue of the breast is
open to the environment through the lactiferous ducts, which are colo-
nized extensively by normal skin flora, both aerobic and anaerobic bacte-
ria, primarily S. epidermidis, P. acnes and anaerobic diphtheroids. As a
result, bacteria can be recovered from 91.6% of female breasts, usually
bilaterally (primarily coagulase-negative staphylococcal and propioni-
bacterial species, Ransjo et al., 1985). Implants themselves, implant pock-
ets, or capsules and nipple secretions have yielded 23.5-89% positive bac-
terial cultures, using various techniques (Ahn et al., 1996; Burkhardt et al.,
1981; Courtiss et al., 1979; Dobke et al., 1995; Gylbert et al., 1990b; Netscher
et al., 1995b; Peters et al., 1997; Thornton et al., 1988; Virden et al., 1992).
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These bacteria, particularly gram positive bacteria, have been shown in
vitro to be able to adhere within two minutes to, and colonize, all types of
silicone breast implants (Jennings et al., 1991a,b; Sanger et al., 1989). They
are often located in a bioslime film on the surface of the implant
(Dougherty, 1988), where they are largely protected from antibiotic action
(Evans, 1987), and they presumably contribute to infections after implant
surgery. Thornton et al. (1988) found that some postoperative breast in-
fections were associated with the same organisms that they had cultured
at the time of surgery (both for implantation and for breast reduction)
from deep within the breast, primarily coagulase negative staphylococci.
In this series of 30 patients (19 with breast reductions), contracture was
associated with positive cultures, but the numbers were too small to
achieve statistical significance (Thornton et al., 1988).

In rabbits with implants contaminated with S. epidermidis compared
to sterile controls, the contaminated capsules were Class III-IV and two to
three times thicker with more dense collagen than the control Class I-II
capsules (Shah et al., 1981). In a subsequent study, the effect of intralumi-
nal cephalosporin was evaluated in this protocol, and the thickness of the
capsules around contaminated, antibiotic-containing implants was sig-
nificantly reduced (Shah et al., 1982). At about this time, cephalosporin
(and gentamycin) had been found to diffuse from Heyer-Schulte saline
implants in significant concentrations for up to six months (Burkhardt et
al., 1981). Guinea pigs formed capsules more rapidly after experimental
implants were dipped in staphylococcal broth cultures overnight
(Kossovsky et al., 1984). Quantitative data in this report were sparse, and
the effect of coating an implant with broth before placement may be an
uncontrolled, confounding variable. Others have experimented with iodi-
nated silicone implants. Implants containing povidone-iodine (Betadine)
were found to inhibit bacterial growth in vitro due to the diffusion of free
iodine through the shell. Saline implants placed in mouse tissue pockets
contaminated with S. aureus had capsules 2.8 times thicker than povi-
done-iodine implants similarly placed or saline implants placed in sterile
pockets (Birnbaum et al., 1982; Morain and Vistnes, 1977). Since iodine
degrades the silicone shell, this is not a clinically useful observation
(Morain, 1982).

Broadbent and Woolf (1967); Burkhardt et al. (1986); Courtiss et al.,
(1979); and Dobke et al. (1995) reported clinical associations of positive
cultures with contracture, and Netscher et al. (1995) found a significant
association of Class IV contractures with positive periprosthetic explant
capsule cultures. Virden et al. (1992) performed routine and special re-
search cultures with 55 silicone implants (38 gel- or saline-filled implants
and 17 expanders) removed from 40 women. Class III-IV contracture was
observed around 24 (63%) implants and 3 (18%) expanders, and cultures
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(mostly research not routine) were positive (primarily S. epidermidis) from
56% (15 of 27) of implants with contractures and only 18% (5 of 28) of
implants without contracture, a statistically significant (p < .05) differ-
ence. Similar to the findings of Parsons, 91% of painful contractures were
associated with positive cultures (Virden et al., 1992).

Burkhardt et al. (1981) originally noted a decrease in Class III-IV
contractures to 3% of breasts with implant intraluminal Keflin or
Garamycin in a short follow-up study, compared to a historical control
rate of 37%. They subsequently conducted a prospective randomized trial
using single-lumen saline inflatable implants in the submammary posi-
tion that compared a control group with four groups using a variety of
antibacterial treatments, including local irrigation with povidone—iodine,
antibiotic foam, and intraluminal cephalothin. They demonstrated a sig-
nificant improvement in Class III-IV contracture from a control value of
41% to a combined experimental group value of 19% (Burkhardt et al,,
1986). In a subsequent prospective, randomized study that looked at both
texturing and povidone—iodine, the antibacterial irrigation failed to have
any effect on contracture (Burkhardt and Demas, 1994), and Gylbert et al.
(1990b) could show no effect on contracture of preoperative infusions of
antibiotics that dramatically lowered the culture positivity of the implant
pocket. This latter result is consistent with the generally held conclusion
that preoperative prophylactic antibiotics are of little value (Courtiss et
al., 1979) and may also reflect the fact that subclinical implant infections
in a slime layer around the implant are protected from antibiotic action
(Virden et al., 1992). Gutowski et al. (1997), however, reported that im-
plants containing antibiotics experienced a lower frequency of contrac-
ture and in a final prospective randomized study that compared implant
texturing from another manufacturer and povidone-iodine irrigation of
the implant pocket with untreated smooth implants, a significant effect of
antibacterial treatment on Class III-IV contracture was observed
(Burkhardt and Eades, 1995). Dobke et al. (1995) in culturing a series of
150 explanted gel and saline (19 implants, 26% culture positive) breast
implants, noted that 76% (62 out of 82) of those with Class III-IV
contractures, but only 28% (19 of 68) of those without contracture were
culture positive, primarily with S. epidermidis. This difference was statisti-
cally significant (p < .05) (Dobke et al., 1995). According to Burkhardt,
(1988) infection explains the varying occurrence of contracture, that is, its
frequent appearance unilaterally as well as bilaterally in proportions that
statistically appear to represent a random (infectious) event. More re-
cently, Peters et al. (1997) reported no association of capsular culture
positivity (of 42%) with severe contracture in a series of 100 women whose
implants were removed.

Dowden (1994) suggested that the presence of the subclinical infec-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9602.html

172 SAFETY OF SILICONE BREAST IMPLANTS

tions or contaminations described above may contribute to systemic signs
and symptoms such as fatigue, myalgia, diarrhea, and arthralgia, among
others, in implanted women. He reported seven women, five of whom
had positive cultures for S. epidermidis or Propionibacterium acnes, whose
symptoms resolved and whose health returned soon after explantation
(Dowden, 1994). In a study that compared women with implants without
general health problems to women with implants and a similar, but some-
what more extensive constellation of signs and symptoms, including ar-
thralgia, dry mucous membranes, fever, hair loss, and cognitive prob-
lems, Dobke et al. (1995) found health problems to be associated with
positive cultures. Among women with these symptoms, implants were
81% culture positive compared to 28% positivity in those without such
signs and symptoms, and among women with both the three systemic
signs and symptoms and Class III-IV contracture, 95% (19 of 20) of pa-
tients had culture-positive implants.

Earlier, the same group had tested the hypothesis that a painful pros-
thesis signified subclinical infection. Painful breast and penile prostheses
were cultured at explantation and compared with cultured expanders
(removed for replacement with a permanent implant) or with cultures of
malfunctioning penile implants. In the aggregate 26 out of 28 (93%) pain-
ful prostheses and 4 out of 31 (13%) devices that were not painful were
infected, mostly (> 90%) with S. epidermidis. Replacement of infected and
painful devices with sterile devices while giving antibiotics resulted in
pain-free devices in nine of ten instances (Parsons et al., 1993). Others
evaluating culture-positive explants have not found associations with the
health problems noted above, although little in the way of description is
provided (Ahn et al., 1996), and the evidence for an effect of infection on
symptoms remains limited.

Also, the important data of Burkhardt would be more persuasive if
the comparison control groups of smooth saline implants were not at the
upper ends (27—41%) of the Class III-IV contracture rates for modern
saline implants, and some studies have been negative (e.g., Peters et al.,
1997). The differences in contracture frequency with saline versus gel and
textured versus smooth implants are not readily explained by a bacterial
theory of causation. Nevertheless, the evidence for a relationship between
the presence of bacteria around the implant and contracture, although not
conclusive, is certainly suggestive.

Role of Hematoma

Collection of blood, hematoma, or tissue fluids, (seroma), around
implants is very like overt infection in that it complicates a small number
of implantations, often requires an invasive intervention, although some
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resolve (or drain) spontaneously, and has been suggested as a factor in
contracture. Since the frequency of clinically apparent hematoma or
seroma is usually much lower than that of significant contracture, this
complication is, at the most, a small contributor to contracture. Hematoma
was the indication for reoperation in 3.5% of the breasts in the Mayo
Clinic series (Gabriel et al., 1997). In the experience of one plastic surgery
clinic 5-10.3% of patients were reoperated for hematoma over an 18-year
period (Biggs et al., 1982). Hematoma or seroma was not reported in the
McGhan LST or AR90 observational studies. This complication probably
is reported quite variably, and often it is mentioned in case series reports
only in a cursory fashion, if at all. Some of these reports of hematoma or
seroma frequencies and the instances of accompanying operative inter-
ventions to provide open or needle drainage have been noted earlier in
this report. Plastic surgeons vary in the use of drains (which some report
prevent contracture to a meaningful extent—Brandt et al., 1984; Hipps et
al., 1978) and other operative precautions to prevent or manage bleeding
and the collection of blood around implants. Many surgeons use drains
when implanting textured-surface implants to prevent seroma formation.
Also, hematomas around implants may become infected or be associated
with infections (Courtiss et al., 1979).

A hematoma frequency of 2%, most requiring reoperation, was re-
ported by Rheingold et al. (1994) and Baker et al. (1975). Additional re-
ports include 1.4% hematoma (Biggs et al., 1990), 5.9% (Brandt et al,,
1984), 4.5% with implant loss (Artz et al., 1991), 0% hematoma or seroma
(Bayet et al., 1991), 6% hematoma (Capozzi, 1986), 20% “postoperative
bleeding” (Gylbert et al., 1989), 1.1% hematoma (Lavine, 1993), 0.48% of
hematomas (Mladick, 1993), 2.1% hematomas (Williams, 1972) and so on,
for augmentation and reconstruction with both gel and saline implants.
These reports are typical for hematomas that are observed within days
after implantation. Rarely hematomas occur years later in association with
contracture, due presumably to microfractures of the stiff fibrous capsule.
These can pose significant problems requiring more extensive surgery
(Cederna, 1995; Frankel et al., 1994; Marques et al., 1992). Conversely,
there are those who believe that events such as trauma, which could
produce hematoma, may cause late-onset contracture (Ashbell, 1980).
Observations of hematoma associated with contracture are mixed. Some
report the absence of an association (Asplund, 1984; Coleman et al., 1991;
Hakelius and Ohlsen, 1992), but these reports involve very small numbers
of hematomas and were not designed to study the issue. Others have
found a significant association between hematoma and contracture in
their clinical studies (up to two- or threefold greater prevalence of con-
tracture in implants with hematoma than in those without (Handel et al.,
1995; Hipps et al., 1978; Wagner et al., 1977; Watson, 1976). In a study
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involving baboons, with numbers too small to have any significance, im-
plants with blood around them had thicker and harder capsules. In an-
other larger study with rats, hematoma had no effect on either capsular
thickness or intraimplant pressure, although a combination of hematoma
and steroid did elevate pressures (Moucharafieh and Wray, 1977). Caffee
(1986b) also found no effect of hematoma on capsular contracture in rab-
bits. These studies are inconclusive. The safety implications of hematoma
involve primarily the few percent extra interventions required to resolve
these complications, the suggested association of infection, and the lim-
ited evidence that the incidence of contracture and its accompanying prob-
lems might be somewhat higher around implants with hematomas.

The Influence of Implant Location

The placement of implants in the submuscular position, which was
originally reported by Dempsey and Latham (1968) and modified to par-
tial muscular coverage by Regnault and colleagues has a salutary influ-
ence on the incidence of contracture, decreasing it in the latter report from
30% in the submammary group to 10% in the submuscular group
(Regnault, 1977; Regnault et al., 1972). This effect is reported in a number
of additional studies that cite significant decreases in contracture when
comparing women with submuscular implants to women with submam-
mary implantation of different kinds of gel-filled implants. These include
decreases from 11.1% to 3% of Class III-IV contractures with some stan-
dard and some low-bleed gel implants (Biggs and Yarish, 1990); 40% to
5% of patients with severe contracture (Mahler and Hauben, 1981); 83.8%
to 27.1% of Class III-1V breasts with gel implants of 12 years” duration or
less (Peters et al., 1997); 41% to 8% of Class III-IV contractures with gel-
filled implants (Puckett et al., 1987); improvement from 30% Class I con-
tracture to 95% Class I contracture around gel-filled implants (Scully,
1981); average self-assessed Baker score at five years of 2.9, submammary
to 2.1, submuscular using gel-filled implants (Fiala et al., 1993), and 58%
submammary and 9.4% submuscular gel implant contractures (Vasquez
et al., 1987).

Other reports, cited earlier, describe low rates of contracture in pa-
tients with submuscular implants studied and reported for other reasons
(e.g., Chang et al., 1992). A review of the literature by Puckett, cited in
another report, concluded that Class III-IV contractures occurred in 43%
of breasts with submammary and 6% of breasts with submuscular im-
plants (Biggs and Yarish, 1988). Hetter (1991) repeated his 1979 survey
and reported that the contracture (firmness) rate had dropped from 64%
to 8% since he had changed from the submammary to the submuscular
approach. In a study of saline inflatables, Cocke reported 44% noticeable
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firmness in submammary implants and 19% in submuscular implants
(Cocke, 1994). In a review of a large experience with polyurethane-coated
gel implants, 22 of 658 (3.3%) implants in the submuscular position had
Class II-III contractures (only two were Class III) compared to 14 of 237
(5.9%) submammary placements with Class II contractures (Hester et al.,
1988).

A few studies compared contractures after subcutaneous implanta-
tion with those after submuscular implantation of gel-filled breast im-
plants. Two found firmness of 31-50% in submuscular and 80-100% in
subcutaneous implantation (Slade, 1984; Ringberg, 1990). A third study
found 0 and 7% of breasts with Class IV and Class III contractures, respec-
tively, in submuscular (includes both pectoral and serratus coverage),
and 7 and 33% of breasts with Class IV and Class III contractures, respec-
tively, in subcutaneous implantation in delayed reconstruction followed
from one to five years (Gruber et al., 1981). There appears to be sufficient
evidence to conclude that submuscular rather than subglandular or sub-
cutaneous placement of the implant is associated with a lower incidence
of severe contracture. This observation should be among the several fac-
tors considered by both the patient and surgeon in deciding between
submuscular and other placement of the implant.

Not everyone agrees with a policy of routine placement of implants
under the muscles of the chest wall for augmentation (Ashbell, 1980;
Courtiss et al., 1974), and plastic surgeons still use the submammary ap-
proach in 32% of augmentations (ASPRS, 1997) presumably because of
the better aesthetics of this placement in breasts with adequate tissue
cover, and possibly because submuscular implantation has been associ-
ated with more pain. Placement has relevance for the issue of safety pri-
marily because of its effect on contracture, which lessens the need for
interventions secondary to this complication. The submuscular position
may also facilitate examination of the breast for cancer, since the glandu-
lar tissue lies above the implant and is all available for palpation (Little et
al., 1981, see also Chapter 12 ). Although the submuscular operative ap-
proach is technically somewhat more demanding, the rates of rupture,
deflation, infection, hematoma, and other complications do not seem to
differ significantly between submuscular and submammary placement.
Occasional speculation about the submuscular position, noted below, does
not have convincing nonanecdotal, experimental, or clinical support in
the studies cited. It cannot be concluded that submuscular implants, be-
ing further away from potentially contaminated breast glandular and
ductal tissue, are less prone to infection. There is no evidence that such
implants are in some way less sensitive to silicone droplets, or might
benefit from the massaging action of overlying musculature. Although
the theory is intuitively attractive, there are no data in the literature avail-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9602.html

176 SAFETY OF SILICONE BREAST IMPLANTS

able to the committee to show that placement of implants with muscular
cover between them and glandular tissue results in earlier diagnosis of
breast cancer by palpation or mammography, or that contracture might
not be less frequent but merely more difficult to detect in this position.

Other Complications and Their Relevance to Safety

At the beginning of this chapter, local and perioperative complica-
tions were discussed. Not all of these have numerically significant, or
medically and clinically important, safety implications. Although some of
these conditions may be mentioned in other chapters of this report, the
committee finds that for its purposes here the major influences on safety
have been discussed. For example, although the reference list includes
about 30 citations on the effects of radiation therapy in women with breast
implants, implants themselves have good stability to clinically relevant
dose levels of irradiation, they do not significantly interfere with the ra-
diation beam and radiation therapy, and evidence that radiation can in-
crease implant capsular contracture is limited (see Chapter 3 for discus-
sion).

One additional problem may merit some attention. Pain associated
with implantation is common enough to be considered. Localized pain
results in requests for implant removal (e.g., as an indication in 19.2% of
explants, Beekman, 1997b, as one of the major reasons for a 13% preva-
lence of replacement, Bright et al., 1993) or in interventions for relieving
pain associated with contracture. Some authors have reported complaints
of pain in the great majority of women with implants (107 of 114 consecu-
tive patients, Silver and Silverman, 1996), pain manifesting as a new “chest
wall syndrome” in 68% of women with implants (Silver et al., 1994), or
pain in 36% of women explanted (Peters et al., 1997), but these were not
representative samples of the population of women with implants. Most
reports of complications do not include much if any detail on pain. It was
included without discussion in the list of indications for reoperation and
was the indication for secondary surgery in 1.1% of the Mayo Clinic group
of 749 implanted women (Gabriel et al., 1997), and reports often cite rather
low frequencies.

Wallace et al. (1996), however, reviewed the subject of pain after breast
surgery using a questionnaire with a 59% return rate (282 women). Al-
though the response rate might indicate a bias toward complaints, this
group reported substantial local pain after reconstruction (up to 50%) and
augmentation (38%). Pain was also more common after submuscular
(50%) than submammary (21%), and after saline (33%) than gel (22%),
implantation. Since the pain was worse after implantations than after
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reduction surgery or mastectomy alone, these authors assumed it was
related, at least in part, to the implants, although significant prevalence of
chronic postmastectomy pain has been reported in other surveys [12.7-
17.4% of patients at various times up to a year postoperative in Kroner et
al. (1992), 20% of patients in Stevens et al. (1995)]. Others have reported
that pain often recedes after explantation (Peters et al., 1997). Of the aug-
mented and reconstructed patients with pain, 20-29% required pain con-
trol medication, though for how long is not clear. Pain is one of the indica-
tions for implant removal. Capsule formation, especially under the
muscles, may result in nerve compression and pain leading to a require-
ment for secondary procedures. Other late pain may be due to muscular
compression (Huang, 1990). Usually, pain with late onset (8% and 30% of
reconstruction and augmentation patients, respectively) represents con-
tracture pain (Wallace et al., 1996). Pain is also associated with some gel
implant ruptures, up to 93% in some reports (Ahn et al., 1994b; Andersen
etal., 1989), is reported in association with polyurethane implants (Jabaley
and Das, 1986; Smahel, 1978a; Wilkinson, 1985), and is reported in asso-
ciation with positive implant bacterial cultures (Parsons et al., 1993; Virden
et al., 1992) or calcification around the implant (Peters et al., 1998).
There are a number of specific reports of breast pain associated with
implantation (Cuéllar and Espinoza, 1996, Huang, 1990; Jabaley and Das,
1986; Janson, 1985; Lu et al., 1993, 1994; Sichere et al., 1995). These reports
describe some severe chest, subscapular and arm pain syndromes, and
unusual presentations in women with implants, and they list some of the
indications for explantation. However, as others have pointed out, chest
pain is a common complaint, and evidence to support the association of
pain with implants in some of these cases, which come from highly se-
lected groups, is not persuasive (Kulig et al., 1996; Mogelvang, 1996). As
Wallace et al. (1996) discuss, pain, like sensory change, which is of similar
frequency, is not surprising given the damage to the nerves to the breast
and nipple during implantation and reconstruction surgery and the rou-
tine injury to the nerves including the intercostobrachial nerve (to the
arm) during mastectomy with axillary dissection (Benediktsson et al.,
1997 and reviewed in Courtiss and Goldwyn, 1976); see values of 41.6%
permanent nipple sensory changes (Fiala et al., 1993); and 41% change
(Hetter, 1979); 18% decrease in sensation (Hetter, 1991); nerve damage
and paresis (Laban and Kon, 1990; Wallace et al., 1996); and partial to
complete sensory loss in the nipple of 70% and in the whole breast of 12%
after augmentation, although it should be noted that this was an explant
series with a high (65%) incidence of breast pain (Peters et al., 1997).
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CONCLUSIONS

The frequency of local and perioperative complications has been sub-
stantial in both augmentation and reconstruction of the breast with either
saline- or gel-filled silicone implants. These complications have safety
implications, because they may have health consequences of their own
and because they may result in further operative or medical interventions
that may also have health consequences. The committee sees little justifi-
cation for some of these interventions, for example, closed capsulotomies
or the use of steroids.

Much information in this chapter may not apply to the present and
may not provide a basis for decisions concerning future experiences be-
cause past reports of complications reflect experience with implants hav-
ing physical and chemical characteristics that differ from current implants
and surgical practices that differ from current practices. Although the
present state of knowledge does not allow definite conclusions to be
drawn about the prevalence or incidence of some complications, some of
the more common complications such as rupture, deflation, and contrac-
ture may be becoming less frequent due to operative and technological
improvements. Information to permit conclusions about the frequency,
causes, and management of complications has to be gathered based on
research on a stable population of standardized devices. Much remains to
be learned about the basic biology of foreign body, silicone, and other
polymer interactions with tissue, although progress has been made re-
cently.

The committee drew conclusions about ruptures and deflations, the
role of silicone in contracture, saline versus gel implants, barrier shells
and shell texturing, submuscular placement of implants, the roles of
infection and hematomas, the use of adrenal steroid, pain and other out-
comes that can affect reoperations and local and perioperative complica-
tions. In general, however, the frequency of reoperations and local com-
plications is sufficient to be of concern to the committee and to justify the
conclusion that this is the primary safety issue with silicone breast im-
plants, and it is certainly sufficient to require very careful and thorough
provision of the kind of information contained in this chapter to women
considering breast implant surgery. The committee concludes that many
of these risks continue to accumulate over the lifetime of a breast implant.
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Immunology of Silicone

Silicone breast implants are associated with significant local compli-
cations. Some have studied whether these devices are also associated
with systemic morbidity. Because experimental and clinical immune reac-
tions to silicone have been said to be involved in such an association, the
committee undertook an examination of the evidence for these reported
reactions. An understanding of the basic immunology is also important in
assessing the biologic plausibility of some reported clinical findings and
some suggested associations, such as autoimmune or connective tissue
disease or novel silicone associated systemic syndromes. In this chapter,
the committee reviews and discusses reports from the peer-reviewed sci-
entific literature of both animal and human immune responses, or ab-
sence of immune responses, to silicone in various forms. Included in this
discussion is a brief description of a conceptual approach to investigating
the immune response to silicone. Some reports on immune effects were
reviewed but are not cited in this chapter. They can be found in the
reference list of this report.

IMMUNE RESPONSE TO SILICONE IN
EXPERIMENTAL ANIMALS

Studying effects on the immune response in various experimental
animals is an approach to investigating a substance that is often em-
ployed by basic and clinical scientists. Currently available experimental
data indicate that silicone gel (or some higher molecular weight silicone
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oils) can act as a weak adjuvant capable of enhancing antigen-specific
immune reactions. Mice or rats exposed to various antigens emulsified in
silicone gel produce a greater antibody reaction than if antigen alone is
given (Hill et al., 1996; Naim et al., 1995a,b, 1996, 1997a; Nicholson et al.,
1996). However, silicone gel was found to have weaker adjuvant activity
than a widely used reference adjuvant, complete Freund’s adjuvant. Fur-
thermore, enhancement of immune responsiveness was observed only
when silicone and an antigen were injected together as an emulsion in the
same site. Injection of an antigen in one site and silicone gel (implant) in a
different site did not augment the immune response (Bradley et al.,
1994a,b; Klykken and White, 1996). Other animal studies of components
of the immune response from several groups have shown that parenteral
administration of silicone gel to animals induces a time-dependent de-
crease in natural killer (NK) cell activity (Bradley et al., 1994a,b; Wilson
and Munson, 1996). The NK-cell system is an important part of the natu-
ral immune system that is believed to contribute to the initial response to
infections as well to controlling the emergence of tumors. Significant re-
ductions in tumor control or response to infections were not observed
after silicone induced reductions in NK-cell activity in these studies.

Silicone gels given alone have been reported to produce disease in
two different animal models. Silicone caused an acute arthritis when in-
jected directly into the joints of one particular strain of rats, but no arthri-
tis occurred if the gel was injected distal to the joints. Arthritis was not
observed in joints that were not injected directly, and when joints were
injected, local inflammation was observed, but not distant systemic ef-
fects (Yoshino, 1994). In a second animal model, Potter and colleagues
(Potter and Morrison, 1996; Potter et al., 1994) induced monoclonal im-
munoglobulin producing B-cell tumors (plasmacytomas) in BALB/c mice
following intraperitoneal injection of silicone gel. This is not a simple,
silicone-specific disease model, however. These mice appear to be geneti-
cally predisposed to develop plasmacytomas on intraperitoneal exposure
to other triggering agents. It has not been suggested that this model has
implications for the induction of cancer in experimental animals or in
humans.

Classical adjuvant arthritis does not appear to be inducible by sili-
cones in rats or mice (Naim et al., 1995a,b; Schaefer et al., 1997), although
both silicone gel and silicone oils can replace incomplete Freund’s adju-
vant in inducing collagen-initiated arthritis in DA rats if the collagen is
mixed with the silicone (Naim et al., 1995b). Since the adjuvant arthritis
model is a well-established, intensively studied animal model for inflam-
matory arthritis, the failure of silicones to activate similar clinical and
pathologic features in experimental animals is an important finding. Like-
wise, exposure of 18,000 humans to mineral oil adjuvant was not followed
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by excess connective tissue disease over 16-18 years of follow-up com-
pared to 22,000 controls (Beebe et al., 1972, for a discussion of connective
tissue or other systemic disease and silicone breast implants, see Chapter
8). The committee concludes there is no evidence for any human adjuvant
disease, as asserted by some investigators (Miyoshi et al., 1964, 1973). For
review and critique of additional animal studies, see Marcus (1996).

POSSIBLE RELATIONSHIP TO AUTOIMMUNE DISORDERS

Some investigators have suggested that current experimental animal
data could support an association of silicone with immune effects in hu-
mans. Several ways in which silicone might activate an autoimmune dis-
ease in silicone breast implant recipients have been proposed and ex-
plored. First, since the major histocompatability (MHC) locus is critical to
the way elements of the immune system sort out, recognize, and process
foreign materials and antigens, a subset of women with implants could
have a special human leukocyte antigen (HLA) that makes them particu-
larly likely to process certain antigenic moieties in silicone gels in ways
that activate T-cells to induce cell-mediated immune reactivity and ini-
tiate an inflammatory reaction. Secondly, cells of the immune system
might be directly activated in patients with silicone breast implants. In
other disorders, immune activation is usually indicated by obvious in-
flammatory cell infiltrates and damage within affected tissues or by depo-
sition of specific antibodies within such tissues. Extremely high local con-
centrations of cytokines either in the serum or within local inflammatory
reactions in involved tissues may also indicate immune activation.
Thirdly, silicone breast implants might induce reactions to autologous or
self-antigens. Such autoreactivity, if induced by breast implants, should
be demonstrated by self T-cell reactivity or sensitization when T-cells are
exposed to self-antigens or components of silicone gels.

In exploring whether silicone breast implants cause an autoimmune
disorder in breast implant recipients, the committee concludes that it is
important to determine if there is an abnormal immune response in these
women that is directly caused by the implant. When this is examined, the
immune function and responses in healthy women with breast implants
should be compared to those of symptomatic women with implants, as
well as comparing symptomatic women with breast implants to symp-
tomatic women without silicone breast implants to determine whether a
specific immune system abnormality can be identified that is associated
with clinically recognizable symptoms in women with breast implants.

These determinations should be supported by addressing the follow-
ing questions:
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1. Is there an abnormality in natural immunity?
(A) Can any evidence be found for monocyte or non-specific T-
cell activation as illustrated by accurate reproducible cytokine assays?
(B) Is there any evidence that components of silicone breast im-
plants can act as a T-cell superantigen, or as a T-cell superantigen-like
molecule that is capable of activating large numbers of T-cells with anti-
genic specificities, by binding shared T-cell receptor epitopes?
(C) Is there any evidence for an effect of silicone breast implants
on NK-cell activity?
2. Is there an abnormality in the immune response?
(A) Do women with silicone breast implants and symptoms share
a particular HLA haplotype profile?
(B) Can it be demonstrated that silicone-specific T-cells are
present and have been activated in women with breast implants?
(C) Can silicone-specific B-cell reactivity be demonstrated in
women with breast implants?
(D) Is it possible to demonstrate T or B cell autoreactivity in
women with breast implants?

STUDIES OF THE IMMUNE RESPONSE

Cytokines Representing Products of Activated T Cells

Most of the reports that have measured cytokine levels in women
with silicone breast implants and in control groups have examined serum
or plasma levels which is less reliable than measuring concentrations in
tissues. Most studies of cytokine levels in breast tissue are case reports.
An exception is the study by Mena et al. (1995) in which soluble mediators
of inflammation were measured in explanted capsular tissue from women
with silicone breast implants, in skin scar tissues from women undergo-
ing reverse augmentation mammaplasty, and in synovial tissue of pa-
tients with various forms of arthritis. Tissues were cultured for 24 hours
in vitro and supernatants were examined for levels of interleukin-2 (IL-2),
IL-6, tumor necrosis factor-alpha (TNFa) and prostoglandin E, (PGE,).
No significant difference was noted between capsular tissue and controls.
In particular, cytokine production from breast tissues that had been ex-
posed to components of silicone breast implants and from skin involved
in previous surgeries was not significantly different. Moreover, no corre-
lation was recorded between systemic symptoms and actual measured
cytokine production by explanted capsular tissues. Such measurements,
however, may not be meaningful compared to determinations of cytokines
by quantitative polymerase chain reaction (PCR), enzyme-linked immun-
osorbent assay (ELISA), or immune histochemistry.
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A study by Ojo-Amaize et al. (1994) examined IL-1B, which is a soluble
mediator of inflammation, and IL-1 receptor antagonist, also elevated in
inflammatory states, in the blood of women with breast implants with
and without symptoms. Differences were found between women with
silicone breast implants and healthy age-matched controls, but no valid
conclusions were possible because symptomatic women with silicone
breast implants were not compared to well women with implants to de-
termine if implantation itself is associated with an increase in either IL-1f
or IL-1 receptor antagonist (Ojo-Amaize et al., 1994). Other studies showed
no differences between women with breast implants compared to age-
and sex-matched surgical patient controls when TNFo and IL-6 as well as
soluble TNF receptor were examined (Zazgornik et al., 1996). Moreover,
Garland et al. (1996) examined IL-6 levels in women with breast implants
and age-matched women without implants; no significant differences
were recorded in IL-6. Another report by Blackburn et al. (1997) looked at
IL-6, IL-8, TNFo., and soluble IL-2 receptor in women with silicone breast
implants compared to healthy age-matched controls. Levels of all
cytokines measured were below the range of detection of the various
assays, but these investigators were able to detect elevated levels of the
same cytokines in the blood of rheumatoid arthritis patients studied at the
same time. Few of the experimental studies include controls or testing of
biomaterials for endotoxin, which could significantly affect cytokine pro-
duction (Cardona et al., 1992). In a generic discussion of tissue responses
to implantation with a number of different biomaterials including sili-
cone, Anderson noted changes in tissue cytokine concentrations as a gen-
eral response to biomaterial implantation (Anderson, 1988, 1993, see
Chapter 5 for more discussion of and references to cytokines). None of
these studies provides sufficient evidence for immune system activation
in women with silicone breast implants.

Superantigens Explaining Symptoms in
Women with Silicone Breast Implants

Superantigens represent a class of molecules that bind in a non-im-
mune fashion to T-cell receptors and activate a much larger proportion of
T-cells than is stimulated by conventional T-cell reacting antigens. Ueki et
al. (1994) looked at whether silicate might function as a superantigen. In
this study, chrysotile (a silicate) was mixed with peripheral blood T-cells
from three healthy subjects. In two of these subjects, an increase in V5.3
T-cells and in the other of V6.7 T-cells were recorded (Ueki et al., 1994).
These numbers are too small to support any conclusions, and breast im-
plant patients are not exposed to chrysotile. O'Hanlon et al. (1996) re-
ported a study of 20 explanted breast implant capsule tissue samples.
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PCR was employed to detect T-cell receptor V-region segments as a way
of identifying preferential T-cell receptor gene expression. The T-cell re-
ceptor V segments were present in 14 samples, but many different T-cell
V segments were expressed (O’Hanlon et al., 1996). These observations
do not support a prominent role for T-cell superantigens in any immune
response—abnormal or normal—in women with breast implants. There
is, at present, insufficient evidence for superantigen activation of T-cells
in patients with silicone breast implants.

Natural Killer Cell Functions

Natural killer (NK) cells can be distinguished from other cells of the
immune system by the expression of several distinctive markers on their
cell surfaces. Some investigators have suggested that NK-cell activity may
be decreased in autoimmune diseases (Sibbitt and Bankhurst, 1985; Struyf
et al., 1990), but no specific mechanisms have been elucidated to indicate
how decreased NK-cell activity could favor development of autoimmune
disease. Consistent with animal toxicology studies noted earlier, it ap-
pears that NK cells in humans might be affected by exposure to silicone
gel, since removal of silicone breast implants was followed by an increase
in NK-cell function in 50% of women studied by Campbell et al. (1994).
However, among the remainder, NK-cell function decreased in 26% and
remained unchanged in 24%. No data were given on the normal day-to-
day variability of NK-cell function in the individuals tested. Moreover,
parallel studies of control groups of women without breast implants and
women with breast implants who were symptomatic or asymptomatic
were not presented, which considerably weakens the study. In the data
published to date, there is no clear evidence that changes in NK-cell activ-
ity have functional effects or explain the signs and symptoms that charac-
terize women with silicone breast implants who have chronic and unre-
mitting complaints. Moreover, previous studies have demonstrated that
NK-cell activity can be altered by stress, sleep loss, and various medica-
tions including corticosteroids among otherwise healthy subjects (Irwin
et al.,, 1994, 1996; Pedersen and Beyer, 1986; Pedersen and Ullum, 1994;
Shepard et al., 1994; van lerssel et al, 1996). Whiteside and Friberg (1998)
observed that geographic location, gender, age, and even occupation of
control populations can affect NK-cell activity and that low NK-cell activ-
ity is observed in chronic fatigue syndrome, which has been studied ex-
tensively without a consistent correlation with immune defects having
been discovered. They noted that NK-cell assays are usually single time
point assays in small cohorts and rarely performed under the stringent
quality control measures necessary to ensure reproducibility (Whiteside
and Friberg, 1998).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9602.html

IMMUNOLOGY OF SILICONE 185
STUDIES OF THE ADAPTIVE IMMUNE RESPONSE

Role of HLA

Many studies have been undertaken during the past several decades
in search of susceptibility genes that may predispose certain individuals
to the development of certain diseases. Much of this work has centered on
the role of the human HLA locus. The presence of a susceptibility gene
does not guarantee the development of a disease, but probably indicates
that the disease may be much more easily triggered than in the absence of
that gene. Only a few studies have provided useful information on HLA
associations with symptoms among breast implant patients. Morse et al.
(1995) examined whether women with breast implants and scleroderma-
like symptoms shared an HLA DQ motif with scleroderma patients with-
out breast implants. HLA types in the scleroderma patients without im-
plants had already been determined and found to have a diminished
frequency of leucine at residue 26 of the DQ chain. A control group of
healthy individuals without implants was also included for comparison.
The study examined a very restricted sort of HLA polymorphism, that is,
whether subjects with breast implants and scleroderma-like symptoms
also had a lower frequency of leucine at residue 26 of the DQf chain than
the control group. The finding of a decreased frequency in women with
breast implants and scleroderma suggested that these women are similar
to typical scleroderma patients. This study does not provide evidence for
a role of silicone breast implants in scleroderma. Rather this study shows
that scleroderma can occur in a particular susceptible population whether
or not the subjects have breast implants (Morse et al., 1995).

A second carefully designed study by Young et al. (1995b) examined
whether certain HLA class I and class Il MHC molecules were present in
symptomatic women with breast implants, although there is a significant
error associated with serological methods of typing class II molecules.
Four groups were included: group 1 consisted of 77 women with silicone
breast implants and debilitating fibromyalgia-like symptoms; group 2
was composed of 37 women with breast implants, but few symptoms;
group 3 contained 54 healthy women without implants; and group 4 had
31 women with fibromyalgia and no breast implants. No differences were
recorded in HLA class I (A, B, or C) alleles among the four groups; groups
1 and 4 had an increased frequency of class II DR53 and DR7 suggesting
that symptomatic women with breast implants share HLA DR alleles
with women who develop fibromyalgia (Young et al., 1995b, 1996). There
is no evidence to indicate that fibromyalgia is an autoimmune disease.
Current evidence suggests that HLA haplotypes of symptomatic women
with silicone breast implants resemble those of symptomatic women with-
out breast implants.
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T-Cell Activation in Women with Silicone Breast Implants

In cell-mediated immunity against a particular antigen or group of
antigens, T-cell clones that recognize the antigen(s) are stimulated by, and
will proliferate in the presence of, that particular antigen(s). T-cells also
proliferate in the presence of various mitogens which are substances that
cause polyclonal nonspecific T-cell division. Mitogens do not activate the
antigen-binding sites of T-cells. To date, no specific autoantigen has been
identified that will stimulate T-cells of women with silicone breast im-
plants. Many of the studies which have sought to provide evidence for T-
cell activation in woman with breast implants have focused on attempt-
ing to detect silicone-specific T-cells in such individuals, that is, T-cells
that divide in the presence of silicone or silicone components.

When current reports of T-cell stimulation in women with breast im-
plants are examined, a number of methodological difficulties emerge.
These include uncertainty about the physical state of the silicon or sili-
cone used for stimulation, the composition and validity of control popula-
tions, and the procedures used in analyzing various sets of data. A critical
aspect of most of the studies of T-cell reactivity is their inability to differ-
entiate whether silicone or components from silicone breast implants are
recognized as true antigens by T-cell receptors or are functioning as T-cell
mitogens.

Ojo-Amaize et al. (1994) reported an enhanced T-cell response to sili-
con dioxide, silicon, or silicone gel in symptomatic women with breast
implants. The actual physical state of the “antigen” in the preparations
studied is unclear. The silicone gel was subjected to extraction before it
was used, the silicon was later said to be silicate (Ojo-Amaize et al., 1995),
and silicates are normally present in the circulation. Two different sets of
controls were studied—one set for silicon dioxide and another for silicon
and silicone gel. Data analysis used in this report was not conventional.
Any individual who responded to any of the three “antigens” employed
was considered a responder. Only one patient was shown to have a posi-
tive response at all three concentrations of antigen tested (Ojo-Amaize et
al., 1994). The committee could not interpret the results of this study.

A subsequent report by Smalley et al. (1995a) examined the T-cell
response to silicon dioxide (silica) in symptomatic women with silicone
breast implants. The symptomatic patients appeared to show higher T-
cell stimulation indices than age matched controls. No control group of
symptomatic women without breast implants was included, and the origi-
nal data were not shown in this study. In addition silica is an immuno-
logically non-specific stimulator of macrophages (Aalto et al., 1975; Chen
etal., 1996; Davis, 1991; Mancino et al., 1983), no particulate controls were
included, and there is no evidence that women are exposed to silica by
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silicone breast implants. The observations of Garrido et al. (1994) by
nuclear magnetic resonance (NMR) and the detection of silica by polariz-
ing microscopy, on which these authors rely as evidence for the presence
of silica in women with breast implants, have been seriously challenged,
as noted elsewhere in this report.

Smalley et al. (1995b) also exposed lymphocytes from women with
silicone breast implants, normal controls, and women with defined con-
nective tissue disease or fibromyalgia to three mitogens and colloidal
silica. In a subsequent, expanded study, they examined responses to silica
in 942 symptomatic and 34 asymptomatic women with implants and 220
normal control women. In the initial study, similar responses to mitogens
were observed in control and implanted women. Stimulation indices after
silica were elevated in women with implants, but not to the levels ob-
served after mitogen stimulation. In the expanded study, 91.3% (860) of
the women with silicone breast implants were deemed to have mild, mod-
erate or markedly elevated stimulation indexes compared to controls on
exposure to silica (Smalley et al., 1995b). This report also includes only
brief aggregate data, and the problems previously noted obtain here as
well.

Testing of the technology used in these reports by Smalley et al. by
submission to their laboratory on two occasions of samples from eight
women with either silicone gel, saline or double lumen implants and six
women who had never had any implants (but for whom false histories of
breast implantation were provided) was carried out by an independent
investigator. This analysis yielded an array of results that bore no rela-
tionship to the clinical status of the patients, including positive stimula-
tion indices, from mild to marked, in all six of the unimplanted women on
first testing, and reversion to negative on repeat testing in one woman in
both the implanted and the unimplanted group; the mean stimulation
indices of the implanted and unimplanted group on repeat testing were
moderately elevated and quite similar, 92 and 87, respectively (Young,
1996b). The findings of these studies have not been confirmed by others
(in fact, as noted, serious questions have been raised), and their reproduc-
ibility and biologic plausibility are questionable.

Another report by Ellis et al. (1997b), which lacked a symptomatic
control group and has not been confirmed, attempted to find autoreactive
T-cells by looking at T-cell stimulation by connective tissue components
as well as reactions to implant biomaterial. Twenty-six symptomatic
women with breast implants were studied in parallel with 23 age-matched
healthy controls without implants. Of these 26 women, 15 (58%) had un-
dergone explantation of their implants, suggesting that this was not a
random group. The women with breast implants showed increased T-cell
proliferation to collagen I, collagen II, fibrin and fibronectin, but no incre-
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ment in reactivity to myelin basic protein, transferrin, bovine serum albu-
min, tetanus, octamethylcyclotetrasiloxane (D,), or silicone gel. Anti-
nuclear antibodies were also present at titers of 1:40 or more in five (19%)
of the implant recipients, not significantly different from the healthy con-
trols (Ellis et al., 1997b).

A study by Ciapetti et al. (1995) compared T-cell responses to silicone
gel in 22 women with breast implants to those of 10 women without
implants who were an average of 15 years younger. The authors reported
increased proliferation of T-cells from women with breast implants on
exposure to an aqueous silicone gel extract. However, a standard stimula-
tion index was not given; instead, stimulation in the women with im-
plants was compared to stimulation in the control group, and the differ-
ence in stimulation between the groups was much less than twofold. For
unexplained reasons, the lymphocyte stimulation of augmentation pa-
tients (N = 6) was significant, but the stimulation of reconstruction pa-
tients (N = 16) was not. These positive results appear to rest on six pa-
tients. Moreover, considering the insolubility of silicone gel in aqueous
media, it is not known what compounds might be present in the extract
(Ciapetti et al., 1995).

Several groups have investigated the possibility of cellular immunity
to silicone. Snow and Kossovsky (1989) suggested that 3 of 29 patients
with ventriculoperitoneal shunts might have delayed type hypersensitiv-
ity to silicone on the basis of tissue eosinophilia associated with the shunts.
However, some of the patients in this series were infected and one of
these had marked eosinophilia. Moreover, the finding of eosinophilia as a
marker for delayed hypersensitivity is not conclusive. Jimenez (1994) also
concluded that the requirement for revision of three shunts was caused
by delayed hypersensitivity. Some non-silicone replacement shunts also
required revision, and infection complicated the clinical picture here also.
Nosanchuk could not demonstrate delayed hypersensitivity in guinea
pigs injected with Dow Corning 360 fluid (Nosanchuk, 1968a). Kossovsky
et al. (1998) also examined this question in guinea pigs. The animals were
injected intraperitoneally three times per week for four weeks with either:
an equal volume of Dow Corning silicone fluid and steri