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Salts
Exposure Dose and Signi f rcance
of  P la t inum and Pla t inum

in Breast  lmplants
S V M M o h o r o i , P h D

ABSTRACT. The objectives of this study were to illustrate and inform key scientitic issues, as de-
termined fiom the peer-reviewed literature, that are critical to developing an accLrrate understanding
of the current state of knowledge regarding plat inum (Pt) in medical devices ( ie. breast implants).
The author identi f led most studies lor inclusion via a PubMed database search: she extracted de-
script ive stat ist ics from the studies. The author calculated Pt and Pt salt  exposure doses for envi-
ronmental and occupational ly related samples. She observed that a number of samples el ici ted bio-
logical efl'ects over a wide range of concentrations. A single silicone breast irnplant may be expected
to contain higher Pt and Pt snlt  doses than have produced adverse health ef l 'ects in humans. The au-
thor posits a biological ly plausible rat ionale fbr Pt salt-related health problems in women that have
been exposed to si l icone breast implants.

KEYWORDS: breast irnplants. environmental exposure, cxposure assessmcnt, medical devices.
metal exposure, plat inum, plat inum salts. r isk assessment

risk of lun-e cancer has been fbund in breast implant pa-

t ients, even when srnokin-e was control led fbr.r l

Med i ca l -g rade  s i l i cone  o r  po l y (d i r ne thys i l oxane )
(PDMS) is  the ge l  used in  s i l i cone breast  implants  and as

the encas in-u envelope in  both s i l i cone and sa l ine breast

implants .  The rneta l  p la t inum (Pt )  a lso is  used in  the man-

ufacture o f  breast  implants  ( ie ,  in  the cata lys t  for  the

cross- l ink ing of  the PDMS chains in  both ge ls  and en-

ve lopes) .  P la t inum may occur  in  the meta l  s ta te  as Pt  (0) ,

or  i t  may occur  in  h igher  ox idat ion s ta tes (eg,  Pt  i2  or

Pt  +4) .  P la t inum in  the meta l  s ta te  or  the (0)  ox idat ion

sta te  is  genera l ly  cons idered to  be unreact ive.  P la t inum in

ox idat ion s ta tes Pt  +  I  through Pt  +6 is  cons idered reac-

t ive.  In  the compound hexachlorop la t inate .  which has

been used in  the manufacture o f  breast  implants .  the ox i -

dat ion s ta te  o f  Pt  is  *4 .

The major i ty  o f  compounds that  conta in  h igher  ox ida-

t ion states of Pt are Pt salts. Pt salts can produce adverse

heal th  e f fec ts  in  humans. r l - r13 A l though Pt  sa l ts  may act  as

cytotoxic agents, their importance to environmental and

,i!,i;i{!i m'ironmentul e\)osut'e may be defined as exposure

liE:lelf 
originating from any source other than human biology.

ii:lil*:i Exposure from air, water, food, and rocks are well-

known examples. Lif-estyle f-actors represent a subset of en-

vironmental exposure that have become increasingly impor-

tant as determinants for i l lness and disease in humans.l  s

One such l i f 'estyle factor is whether individuals, including

chi ldren.6'7 have been exposed to medical devices.

Commonly implanted medical devices include breast,

test icular, and chin implants. In the United States, 3-4 mil-

l ion women have elected to have breast implants placeds-rtt

for au-ementation purposes, fol lowing mastectomy due to

breast cancer, or for other reasons (eg. to correct the ap-

pearance of chest wall  deformit ies). Approximately 200,000

adverse events or reaction reports about breast implants

have been submitted to the US Food and Drug Administra-

t ion since 1985. However, there is no clear explanation fbr

the symptoms reported by women who have had these med-

ical devices placed or for the signs and diseases document-

ed by their physicians. For example, a twofold-increased
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occupat iona l  medic ine is  based on the i r  character  as

among the rnost potent sensit izers known.

To make an infbrmed decision of whether to have breast
ir lplants placed. indivrduals need to wei-eh potential r isks
and benefi ts associated with the devices. True infbrmed con-
sent may only occur i f  individuals are aware of al l  potential

health r isksre'ro f iorn breast implants, includine that from Pt.
Therefbre, in the interest of hezrl th education concerning the
importance of possible environmental exposure f iom these
medical devices. I  reviewed the avai lable scienti f ic and med-
ical l i terature to determine the amount and forms of Pt pre-

sent in and f l 'orn si l icone and sal ine breast implants.

To my knowledge, this study represents the flrst systemat-
ic review of al l  experimental,  cl inical.  and other evidence
frorn the peer-reviewed literature on Pt in breast irnplants. The

objectives of the study were to illustrate and infbrm key sci-
entitlc issues that are critical to developing an accurate under-
standin-e of the current state of knowledge about the subject.
This study provides important infbrmation on the amount and
forms of Pt that individuals who have had breast implants-
or those considerin-{ breast irnplants-may be exposed to, and
the results may be useful fbr health risk assessment.

METHODS

Study Selection

I conducted a PubMed databaserr search for all articles
published through January 2007 on the subject of Pt in
breast implants. I used a combination of terms as keywords.
The PubMed literature search was supplemented by search-
es of material identified in the ref'erences and in my library.
Peer-reviewed original articles published in English were el-
igible for inclusion. I did not consider nonpeer-reviewed
works (eg, letters to the editor).

Systematic reviews and studies based on the l iterature
typically exclude review articles,l l articles that contain no
ori-qinal data,2r and correspondence ref-erring to previously
published studies.ra However, I included these types of arti-
cles in an effort to be as comprehensive and balanced as pos-
sible. For example, had I excluded articles that contained no
ori-sinal data, then I would have had to exclude all articles
authored by individuals employed by or associated with the
breast implant industry.

Data Analysis

I extracted descriptive statistics fiom the studies. Descrip-
tive statistics were the rnost appropriate data analysis tool
used in the studies examined because the number of obser-
vations (ri) was small and were l ikewise the most appropri-
ate data analysis tools for this study.

I rnathen-ratically combined the Pt concentration in sil i-
cone breast implants to extract the means for breast irnplant
components. where applicable. I calculated the total Pt ex-
posure dose (rnean and ran-qes) thett may be contained in 3
common irnplant sizes (200 g, 300 g, and 400 g) on the basis

r40

of the Pt concentration in breast implant components from
the peer-reviewed literature. I considered 3 envelope types.
which represent all types fbr which data exists. I used a 10o/o
shell weight and 1.0 g/ml- for density. A sample calculation
fol lows: 270 g x 7.29 pg/g :  1,968.3 Fg; 30 g X 11.49

fig/g : 344.1 p-q; 1,968.3 + 344.1 p-q : 2.313 mg Pt.
I also calculated Pt and Pt salt exposure doses for envi-

ronmental and occupationally related samples. Because lit-
erature values were in a range of units, I converted all units
to molarity (M) Pt or M Pt salts to compare dosimetries. For
sil icone breast implants, I g : I mL was assumed for con-
version to M Pt (mean lMl and range) and M Pt salts. I cal-
culated semiquantitative measures of Pt salts fbr sil icone
breast implants (n : 9. M) and whole blood (ri : 7) frorn
women exposed to sil icone breast implants, using only per-
centages of higher oxidation states fbr which there was di-
rect experimental evidence (ie, Pt *2 and +4) in the l itera-
ture. I calculated Pt salts in sil icone breast implants usinu
the -eel component only (eg.270 g gel for a 300-9 implant)
because, to my knowled-{e. no researchers have analyzed
implant envelopes for Pt oxidation states.

Where Pt salt compounds were unspecified (eg, National
Institute fbr Occupational Saf-ety and Health INIOSHI l irn-
its), I assumed the molecular weight of hexachloroplatinate
for conversion to M Pt salts. I calculated the NIOSH recom-
mended exposure l imit fbr the total weighted average (REL
TWA) for Pt and Pt salts. and the irnmediatelv clangerous to
lif-e and health level (IDLH) for Pt salts to M Pt or M Pt salts
assuming 1,000 cc : I L.

RESUtTS

Sampling

The search procedures yieldecl l2 potentially relevant ar-
ticles. Figure I characterizes the articles in the stucly selec-
tion process. Of the articles retrieved fbr evaluation. only I
did not meet the inclusion criteria.r5 Five experimental stud-
ieq.26 ro I  c l in ical  study.sl  3 reviews. j l  ra and 2 com-
rnsplq'r '5"16 met the inclusion criteria.

Six studiesl6'27'lt)"rl'3'l"l's addressed the Pt concentration
present in sil icone breast implant gels and/clr envelopes.
Five studieslT'rl 'rr"l '5'r6 discussed the total Pt exposure dose
present in a single or a pair of sil icone breast irnplants. Only
I study reported the Pt concentrations of saline breast im-
plant f luid.r0 The Pt concentration present in tissue and/or
fluids fiom women exposed to sil icone and/or saline breast
implants was measured in 3 studies.rs-'rt) 16. forms of Pt. in-
cluding the oxidation state of the Pt present in sil icone
and/or saline breast irnplants. t issue, or body f-luids from ex-
posed women, were evaluated in l0 studies.lT 16

Pt in Sil icone Implants

Of the studies that addressed the Pt concentration present in
silicone breast in-rplant -sels and/or envelopes, 3 contained no
original data,3l''r't':s and 3 presented experimental results.16.17.le
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Two review articles3l"r3 un,1 I comment3s gave values fbr

the Pt concentrat ion in gels and/or envelopes on the basis of
previous work. One reviewrr ci ted 2 of the previously men-

t ioned 3 experimental studies,26'17 and another reviewr3 and
a comment3s referenced the Inst i tute of Medicine (IOM).17

In I experimental study,26 researchers analyzed the gel

frorn I in-rplant and reported a concentration of -4.5 Fu-e/-g Pt.

In another experimental study.lT researchers analyzed the
gel from 9 explants and reported a concentrat ion of
-0.7 p,g/g Pt. In a third experimental study,re the researcher

analyzed l5 gel and 16 envelope sarnples from explants. The
envelopes were of 3 types: a single elastomer, a double
lumen type where the thicker. outer envelope was sampled,
and polyurethane foam. Table I l ists mean Pt concentrat ions

and ranges for si l icone breast implant gel and envelopes on

the basis of al l  avai lable experimental studies.

Total Pt Exposure Dose in Si l icone Implants

Of the studies that discussed the total Pt exposure dose
present in a sin_gle ol a pair of si l icone breast implants. 3
cited amounts based on a single wei_ght or volunte of im-
plant(s),r7'3r"t5 un6 2 cited Pt ranges.rr 'r( '

Arepall i ,  Bezabeh. and Brownir ci ted the peer-reviewed

li terature and reported that 2 large implants weighing 500 g

each would contain a total Pt exposure dose of 15 mg.
Laner5 cited the IOMrT and reported that a 300-cmr implant
rnight contain a total Pt exposure dose of -300 pg. Lykissa

et alrT reported that a 250-9 implant would contain a total Pt

exposure dose of -175 pg. Two addit ional reports3s'36 that
t l so  c i t ed  t he  lOMrT  s t t t ed  t ha t  I  i r np l l n t s  wou ld  con ta in  I

to ta l  Pt  exposure dose of  approx imate ly  0 .1  to  l0  *9 .

However, the total Pt exposure dose of a si l icone breast

implant would be expected to vary by, for example, size, en-
velope type, generation of irnplant, and manuf-acturer. Con-
sideration of the Pt concentrat ion in si l icone breast implant

components avai lable from al l  experimental studies (see

Table l)  yields the total Pt exposure dose that may be

expected from a single si l icone breast implant for 3 common

irnplant sizes and envelope types (see Table 2).

Pt in Sal ine Implants

To my knowledge, only Lykissa and Maharaj30 have ad-
dressed the Pt concentration that rnay be present in saline

Potent ia l l l  re ler ,ant  studies:  l2
ldcn t i f i ed  th rough  PubMcd :  l 0
Ident i l led through refbrences:  2

Excludcd studies: 0
Ncln-l l rr_el ish: 0

Art ic les retr ieved for
eva lua t ion :  I  ?

Ercluded studies:
Non pccr-rcv ie u'ed:

Included studies: I  I
F rpc l i r r r cn ta l :  5
Cl in ica l :  l
No original data: 5

Reviervs: 3
Clontments: 2

Fig. l. Flow chorf diogrom of the sfudy selection
Process.

Toble l.-Summory of Plotinum Concenlrqtion (pg/g) in Breost lmplonf Componenfs

Type of breast irnplant M Rangc Ref'erence

Si l icone
Gel

Irnplant gel
Explant  gel
Explant  gel
Total

Envelope
E,lastomer
Double lumen
Polyurethane fbam
Tolal

Sa l i ne
Saline fluicl

4 . 1 1
0.70

|  1 .42
1.29

I 1..19
19.43
7.08

t 7  <  |

N D

,+.39 -5.07
NA

0.26--48.90
0.26-,+[t.90

3.0-5-28.78
5.19-12.5.21
-5.79-8.36

3.05-12-5.27

ND

I
9

l 5
25

1
1
2

l 6

E,l-Jarnmal and Templeton16
Lykissa et  a l r l

Maharajr')
El-Jammal and Templeton.16

Lykissa et al.l7 Maharajr')

Maharajr')
Maharajl')
Mahara.jr')
Maharajr')

Lykissa and Mahara.jr0

Not r , .  NA :  no t  ava i lab le ;  ND -  no t  dc tec tab le  ( ie .  be low detec t ion  l in r i t ) .
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Tqble 2.-Totol Plqtinum Exposure Dose (mg) in o
Single Si l icone Breosl lmplont by Size ond
Envelope Type

Inrplant  wi th
envelope 2(X) g 300 g .100 g

Elastomer'
M 1 . .542  2 .313  3 .084
Range  0 .108-9 .378  0 .162  l .+ .066  0 .216-1 t t .75 .5

Double lumen
M 2.301 3.4.5 I  :1.602

Range 0.  163- |  I  .307 0.244-16.1)61 0.325-22.61.5
Polyurethane

lbam
M |  .4-5,1 2.  18 I  2.908
Rangc 0.  163-8.969 0.2.+: t  13. .+-54 0.325 17.938

breast implants. In that study. the saline fluid component from
2 saline breast explants were analyzed and no detectable lev-
els of Pt were fbund (see Table l). To rny knowled,qe. no re-
searchers have analyzed any other components of saline
breast implants for Pt, (eg. saline breast implant envelopes).

Pt From Sil icone [mplants

The Pt concentration present in tissue and/or fluids frorn
wollen exposed to silicone breast implants was analyzed in 3
experimental studies.ls-3t) plnssbeck et all8 measured the Pt
concentration in fht, capsular, and/or muscle tissue of 3 women
exposed to silicone breast irnplants as 0.02 pg/g (range :

nd-0.09). Control t issue samples of 3 women not exposed to
sil icone breast implants were 0.0004 pg/g (range :

nd-0.001). In 2004, I rneasured the Pt concentration in cap-
sular t issue in l2 women exposed to sil icone breast implants
as 0.035 Fg/g (range : 0.003 -0.272).)') I dicl not analyze con-
trol tissue samples in that study, however, a cross-study com-
parison. a standard method fbr exposure analysis and interpre-
tation, with the Flassbeck et al28 study shows hi-eher mean Pt
tissue values fiom exposed women than fiom controls. In ad-
dition, a comparison of the mean Pt values in samples from ex-
posed women in the 2 studiesrs'le shows similar amounts.

In another study, Lykissa and Maharajs0 analyzed the Pt
concentrat ion in whole blood, ur ine,  hair ,  nai ls,  sweat,
and/or breast milk samples trom women exposed to sil icone
breast implants; control samples from women not exposed
to breast in-rplants were available for only whole blood and
urine samples. Mean Pt values in whole blood and urine
samples fiom women exposed to sil icone breast irnplants
w e r e  h i g h e r  ( - 5 6 8  p m o l / L ,  n : 9 t  l . l 7  p " g l g ,  n :  1 0 ,  r e -
spectively) than the mean in samples from the control
groups (506 pmol/L,  n :5;  0.37 pg/g,  n :  2,  respect ively) .
Mean Pt values for hair, nails, and breast milk samples frorlr
women exposed to sil icone breast implants, when compared
with the peer-reviewed literature, were also higher (2.1ng/9,
n : 9;0.88 ng/g, rt : 9; 1.09 p,g/L, n : 6. respectively) than
in individuals from the general population with no known

142

Pt  exposu re  (0 .15  ng ig ,  11  :  I  14 ;  0 .31  ng /g ,  n :96  <  0 .01

pg/L, n :  27, respectively).30

Pt From Saline Implants

To my knowledge. only Lykissa and Maharaj30 have ad-

dressed the Pt concentrat ion present in t issue or f luids frurn

women exposed to sal ine breast implants. ln that study, we

analyzed a whole blood sample from a woman exposed to

sal ine breast implants and found a lower Pt concentrat ion
(412 prnol/L) than the mean fbr women exposed to si l iconc

breast irnplants and fbr control subjects trom the study.

Pt Oxidation States

All  but one studyr6 that rnet the inclusion cri teria ad-

dressed the forms of Pt that may be present in breast im-

plants. Experimental results have indicated that at least

some Pt may occur in si l icone breast implants as organoplat-

inum or si l icone Pt complexe". lT'18 Other studies have hy-

pothesized that Pt may occur in si l icone breast implants as

Pt +4,r1 Pt +6.re and other ionized forms of Pt.r ' r

Five repor1s32-ro stated that Pt occurs in si l icone breast irn-

plants in the (0) oxidation state. However, none of these re-

ports contained any ori-qinal data in which to substantiate

their clairns, and instead cited previous studies as providing

evidence that Pt occurs in si l icone breast irnplants in the (0)

oxidation state. For example. one reportrs asserted that " im-

plants do contain catalyt ic amounts of plat inum in the zero

oxidation state" and cites a reference. 'r l t tp5ottrt  However. the

ref-erence citedsE contains no data regarding Pt oxidation

states and was not peer reviewed.

Brook stated that "the papers that have examined the

species of plat inum in si l icone breast implants have found

no ev idence of  any spec ies not  a t  the zero ox idat ion

s1n1a." 'r31p3l8i '  However, i ln exarnination of the pape rs cited as

evidence3e+6 in the above reports3l-ra'r6 reveals that no re-

searcher actual ly analyzed a si l icone breast implant (or ex-

plant) for various Pt oxidation states but instead analyzed

s i l icone precursor  mater ia ls .  In  addi t ion,  ins t rument

sensit ivi t ies are cri t ical to understanding the context of the

reported results in these studies. I t  is debatable whether the

detection l imits of the instruments used (eg, cycl ic voltam-

rnetry, extended x-ray absorption fine structure, nuclear

magnetic resonance, small-angle x-ray scattering, ultravio-

let-visible spectroscopy) in these previous studiesr ')r6 would

be sensitive enough today to analyze fbr Pt in breast irn-

plants, even more so when these studies were conducted.

Moreover, none of the instruments used in the previous stud-

ies  would have been sens i t ive  enough to  detect  Pt  present  in

higher oxidation states in breast implants.

To my knowledge, only Lykissa and Maharajr0 have an-

a lyzed s i l icone and sa l ine breast  implants .  as  wel l  as  t is -

sue and body f luids from exposed women 1or ionic forms

of Pt, and found direct experimental evidence for Pt (0),

Pt  +2,  and Pt  +4.  Higher  ox idat ion s ta tes o f  Pt  were de-

tected in  a l l  s i l i cone exp lants  (n  :  9) ,  whole  b lood
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( n :  J ) ,  b r e a s t  m i l k  ( n  :  6 ) ,  u r i n e  ( n :  7 ) ,  a n d  b r a i n  t i s -
sue (n :  l )  samples analyzed from women exposed to s i l -
icone breast implants.  The f lu id component f rom 2
(r t  :  2)  sal ine breast explants showed no detectable levels
of higher oxidation states of Pt.

Dosimetry Comparisons

Table 3 compares the concentration of Pt and Pt salts for
a range of samples and the biological effbcts produced,
where applicable. Tolerance limits for t issue concentra-
tions of Pt or Pt salts for implantable biomedical devices
are not available. The NIOSH REL TWA for Pt of I mg/mr
calculates to 5 X l0 'y  M Pt.  The NIOSH REL and OSHA
pennissible exposure l imit (PEL) TWA for Pt salts of
0.002 rng/mr calculates to 4.9 X l0 rr  M Pt sal ts.  The
NIOSH IDLH l 'o r  P t  sa l ts  o l '4  mg/mr  ca lcu la tes  to  l0  R M
Pt sal ts.

COMMENT

Pt in and From Breast Implants

Table I presents the most comprehensive report to date of

the Pt concentrat ion present in breast implant components.

Considerable variabi l i ty may exist in the Pt concentrat ion of

si l icone breast implant gel520' lr ' :u and envelopes.l" Although

the amount of Pt may vary with other factors (eg, generation

of implant and manuf'acturer). l i t t le information about these

addit ional implant characterist ics is avai lable, and n values

are too small  at present to just i fy further subcategorizing of

implants. Table 2, therefore, provides the best measure to

date of the total Pt exposure dose that may be expected in a

single si l icone breast implant. by implant size and envelope

type.

Mean Pt concentrat ions in breast fat and muscle t issue2s

and in whole blood and urinerO f iom women exposed to

Toble 3.-Comporison of Plqtinum ond Plotinum Solt Exposure Doses ond fhe Effects Produced

Sample Molar i ty Ran_ee Ref'erence Eftects produced

Platinunr
SGFBI '

With c louble lurnen shel l
With e lastomer shel l
With polyurethane shell

Plat inunr
Plat inum sal ts

Sodiurn hexachloroplat inate ( IV)
(N Hr)rPtClr .  (  NHr)rPrC16
C is-diarn inecl ichloroplatinate.

Na1Ptl,,. PtClq
Tetra- and hexachloroplatinate
3 : l  K :P tC l+ :H ,P tC l6

Amn'roni un'r hexachloroplatinate
PlatinLrrn chloricle
Plat inum sal ts in an SGFBI"
Amrronium hexachloroplatinate
Potassiunr hexachloroplatinate
Hexachloroplatinate
Sodrum l rcxachloroplat inate (  IV )
Tetra- and hexachloroplatinate. PtCll
Hexachloroplatinate
Cisplat in.  carboplat in.  oxal ip lat in

Hydrogen hexachloroplatinate ( I V )

Plat inum sahs

Ammonium hexachloroplat inate
Arnmoniurn hexachIoroplatinate
Potassiurn tetrachloroplatinate
Polassium hexachloroplatinate
Plat inum sal ls  in whole bloocl

(exposecl  to SGFBI)
Plat inum sal ts

5 . 9 x  l 0  l

4 x l 0 5
3 . 7 x 1 0 5
5  x  l 0 ' )

l 0 r
l 0  r

l 0  r

l 0  r

. 5 . 1  x  l 0  5

,1 . -5  X  l0  s  2 .3  X  l0  6

1 0 5  1 0 6
9 . 1  x l 0 "
l . 3 x l 0 6
2 . 1  x l 0 6

l 0 r - 2 x 1 0 j
- 5 x 1 0 7

1 0 7
l 0  r  l 0  x

l 0  5 - - 5  x  l 0  3

2 . 5  x  l 0  5 - 2 . - 5  x  l 0  8

l 0 E

2 . 3 x l 0 - t 2 x l 0 ' )
2 . 3 x l 0 r  2 x l 0 ' )

l 0  7 - 1 0  e

l 0 7  l 0 r 0
l 0  , )  l 0  l o

,1 .9  x  l 0  r r

l O  '  T l t i s  s t t r t l r

l O  ' '  T h i s  s t t r t l l

l ( )  '  T l r i s  s l r r t l l

N I O S H  R E L ] I

Eber l  e t  a l rg

Di Gioacchino ct al+'/

D i  G ioacch ino  e t  a l+"

D i  G ioacch ino  e t  a l+ ' l

Agnew et al50

Rosenber-u et al5l

Nordl irrcl5r

Lykissa and Maharaj '"

Levene and Calnan5' '

F reedman and Krupeyr r

Merget et al r( '

Eberl et alrx

Di Gioacchino et al+' l

Santucc i  e t  a l ' i l

M u r r d r r l  c l  l r l i i

Thcron ct al i( '

N IOSH IDLH]7

B i a g i n i  e t  a l  ' u

C leare  e t  a l  1 r

Frccdman and Krupeyr r

Freedrnan ancl Krupeyrr

Lykissa and Maharajro

NIOSH REL.  OSHA PEL]?

Not studied
Not studied
Not studied

Toxicity

Sperrn reaction etl 'ects
In vitro imrnune efl 'ects

In v i t ro immune el l -ects
In vitro imrnune etl 'ects

Inhibitory efl 'ect on
brain enzyrres

Inh ib i t  ce l l  d i v i s ion
ln l l ue r t ce  DN.A  s1  n thes is

Not stuclied
Posi t ivc ski r r  pr ick tcsts
Anaphylactic reaction

Skin react iv i ty
Sperm reaction efl 'ects
In vitro immune efl 'ects
Positivc skir-r prick tests
Henroglobin-Pt  complex

lbrmation
Reactive tlxygen species

procluced
ln r r r re t l i a le  danger  to  l i l e

or  heal th
Posi t ive skin pr ick tests
Posi t ive skin pr ick tests

Respiratory allergy
Respiratorv allergy

Not studied

Al lergic responses

2.9 x  l0  I  ,1 .2  x
2 . 4 x t 0 r  2 . 8 x
2.3 x  l0  r - ,1 .2  x

rVorc.  SGFBI :  s i l icone gel- f i l led breast
l inr i t :  IDLH :  imnrediatelv danscrous to
"200, 300. or 400 g.

i rnplant ;  NIOSH REL -

lif 'e or health: OSHA PEL
Nat ional  lnst i tute lbr  Occupat ional
: Occupational Saf'cty and Hcalth

Saf'ety and Health's recommencled exposure

Adn- r in is t ra t ion 's  penr iss ib le  exposure  I im i t .
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sil icone breast implants have been shown to be higher than
in the respective control -groups. Mean Pt concentration in
capsular t issuele and in hair. nails, and breast milk samplesr0
from women exposed to sil icone breast irnplants have been
shown to be higher than in individuals fiom the general pop-
ulation with no known Pt exposure.

Pt has also been shown to migrate from intact implantsrT
to capsular t issuelS'le and breast fat and muscle tissue.28 Ex-
perirnental results have indicated that Pt rnigrates from sil i-
cone implants via the lymphatic and blood systems into
urine, sebaceous secretions, and breast milk, and subse-
quently is deposited and accumulates in hair and nails.r0 It
also has been hypothesized that Pt rnay persist afler explan-
tation as Pt-protein complexes and in bone.r0

As saline breast implant f luid contained no detectable
amounts of Pt, and a whole blood sample from a woman ex-
posed to saline breast implants was lower than that of the
rlean of control subjects from the study, the devices ana-
lyzed rnost l ikely did not expose the individuals to Pt. How-
ever, Pt catalysts have been used in saline breast implant en-
velopes.rT Therefore, individuals with older saline breast
implants (in particular) may be exposed, but, to my knowl-
edge. no researchers to date have analyzed saline breast im-
plant envelopes tor Pt.

The Catalyst

Four -eenerations of sil icone breast in-rplants are common-
ly reco-enized.3l First- and second- -{eneration implants are
no longer available. Third- and fourth-generation implants
are cuffently on the market. There are no reports showing
the type of catalyst used for a given generation of implant by
manufacturer, construction type. and product characteristics.

In older implants, higher oxidation states of Pt may result
directly fiom the hexachloroplatinate that was used as a cata-
lyst and/or Pt-implant degradation products. In newer im-
plants, higher oxidation states of Pt may result from the hexa-
chloroplatinate that was used as starling material fbr the
catalyst and/or fiom the incomplete conversion of the Pt cata-
lyst to Pt (0). In addition, higher oxidation states of Pt in newer
implants may result from Pt-implant degradation products.

Sensitization

The importance of Pt and Pt salts is i l lustrated, in part, by
the number of samples that have elicited adverse health ef-
f-ects over a wide range of concentrations (see Table 3). A
single sil icone breast implant may be expected to contain a
hi-eher dose of Pt than has produced toxicity in humans. A
single sil icone breast implant also may be expected to con-
tain a higher dose of Pt salts than has produced, for exam-
ple. anaphylactic reactions, respiratory allergy, and other
allergic responses in humans (see Table 3). Whole blood
samples from women exposed to sil icone breast implants
contained a Pt salt concentration above the NIOSH and
OSHA air concentration l imits tor Pt salts. which have
elicited allergic responses in sensitized workers. Pt salts are

r44

well-known tor their abi l i ty to act as potent sensit izers. For

example, after Pt salt  workers who were asthmatic and had

posit ive skin prick tests were removed lrom exposure, and

even after their skin prick tests had returned to negative,

t he i r  as thmu  pe rs i s ted . iT

IOM Report and Health Problems

A number of reports that contained no original data ref-er-

enced the IOMrT to support arguments regardin-e Pt concen-

trations in silicone implant gels and envelopes.'r'r' 'r'5'r6 ttre total

Pt dose in an implant. i ' r '35' i6 and the biologic plausibi l i ty of Pt-

related health problems.rr 35 However, the IOM'r7 reviewed

reports published only through part of 1999. and as I have

demonstrated. there have been several articles in the field pub-

lished since then. Thus, the IOM]T report is an outdated ref-er-

ence for the Pt concentration in breast implant components

and for the total Pt exposure dose from an irnplant.

In addition. the IOMrT states that there are no data in its re-

port consistent with the disease process causccl by Pt salts.

However, Table B-l of the repor-t lists prominent problems in

breast implant patients and reveals many syrnptoms and dis-

eases (eg, allergic reactions, asthma, breathin-q difhculties,

chemical and environmental sensitivities) known tcl be causecl

by Pt salts.

The IOM37 report is also an outdated ref-erence with respect

to the plausibi l i ty of Pt-related health problems. I t  states that
"then a biological ly plausible rat ionale for plat inum related

health problems in women with si l icone breast implants does

not presently exist."r7(pl l0) However, the f irst half  of the sen-

tence is prefaced by the quali l icat ions, " l f  the plat inurn in

breast implants is in zero valence fom" and "i f  i t  is in micro-

gram quantities." Direct experimental evidence shows that Pt

in silicone breast implants n-ray be present as Pt *2 and Pt

+4,r( 'and that Pt is present in rnuch higher amounts than rni-

crogram quanti t ies (as shown in this stucly ancl in oth-

s1sl6'17'2e1. Theretore. using the same logic as the IOM.r7 a bi-

ologically plausible rationale for Pt-related health problems in

women with si l icone breast implants presently exists.

Limitat ions

This study is l i rnited by the number of peer-reviewed ar-

t icles that have been published on the subject of Pt in breast

implants and by the information that was avai lable in these

studies. The strength of this review is based in part on the

aggregation of the published l i terature (e-e, in the PubMed

database).

Future Work

Much more research in this t leld is waranted. Sal ine

breast implant envelopes have not been analyzed for Pt con-

centrat ion, nor have si l icone and sal ine breast implant en-

velopes been for ionic forms of Pt. More studies on basel ine

levels from the general population are needed for a number

of biological matr ixes (eg, hair,  nai ls, breast milk). Devel-

opment of additional Pt standards and certified reference
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materials that contain Pt concentrations in human biologic
matrixes certif ied near current human exposure values is
needed to support method validation. Development of meth-
ods to further characterize Pt oxidation states at the levels
present in breast implants is also needed. Physiologically
based pharmacokinetic modeling would be valuable to relate
Pt and Pt salt exposure dose via implantation to bioavail-
abil ity. Finally, future research should examine the ramiflca-
tions of Pt and Pt salt exposure on the health outcomes of
wornen with implants to provide a more complete under-
standing of  th is issue.

Conclusions

This comprehensive review of the existing peer-reviewed
literature regarding Pt in breast implants supports the con-
clusions that ( 1) Pt is present in sil icone breast implants in
mill igram quantit ies, (2) Pt migrates out of intact sil icone
implants and accumulates in the tissue and body fluids of
exposed worlen, and (3) hi-eher oxidation states of Pt (ie,
Pt +2 and Pt *4) have been documented in sil icone ex-
plants, t issue, and body fluids from exposed women. ln ad-
dition, saline breast irnplants have not been associated with
the release of Pt or Pt salts to other compartments. A sin-qle
sil icone breast implant may be expected to contain higher
Pt and Pt salt doses than have produced symptoms and dis-
ease in humans. At present, a biologically plausible rationale
exists for Pt salt-related health problems in women who
have been exposed to sil icone breast implants.

> r ; > k * * * * > k * * *

The author has nclt consulted fbr breast implant manuf'acturers or plain-
titTs'attorneys. Neither the authclr nor the Center for Research on Environ-
mental Medicine has rcceived moltey fiom breast implant manuficturers.
plainti lTs' attorneys. or Chentically Associated Neurological DisOrders
(cANDO) .

For comments ancl firrther inlbrrnation. adclress corrcspondcncc to Dr
S.V.M. Mahara.j. Center fbr Research on Envirctnrnental Medicinc. P.O.
Box 224.  New Market .  MD 2177.1 [JSA.

Emai I : svnrrn@environrnecl.org

) k * * ) k * . * * > k > k *
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