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SUi'II'IARY

This studJ/ lras instituted following the observatj-on of'

an unstainabLe, refractile, non-birefringent nateriaL in l-i-ver

biopsy specimens fror¡ renal patients. Retrospective exa¡nination

of tissues from sel-ec'uecl clinical populations and suitabfe controls

revealed that tÌre naterial v¡as present only in patients treated

vrith repeated haernodialysis. Of 38 haeinodialysed patients rvho had

liver biopsies, 18 shoive'1 varying arounts of the material' 0f 31

]raeLnocìialysed- paiien'r;S r,',rho carne to autOpsy, 22 shol''ed accumulations

of the contaminant. The substance had e¡nbolised in the blcod- and

r,,as engu-lfec1 by nacrophages ancl stored in the nononucfear phagocytic

systen. Disse¡rinated granulornata vrere present in the 1iver, spleen

ancl l¡rnph nodes. Tl:e ulirastructural appearances v/ere charac-beristic

and very suggestive of a plastic-like substance. The particles lver'e

found to l¡e Locatecì in macropha.ge lysosoriles. Filings fror¡ nev¡

si1icone tubings fro¡,t the rol-ler pump segrnent of the l:aer¡odialysis

¡lachine introduced subcutaneousJ-y inio rats producecl a granuloifla'ùoLls

respor1se vri'bh parrti-cul-a'ce incLusions of a similar light and electron

microscopic appearance.

Local- and overse¿ìs consultation dicl not help identify the naterial-.

After initial- seibaclçs the contarninant uas confirmed to be silicone

b1,- etectron d.ispersive )i-ra¡. analysis a¡cl back-scattered- electron

imaging. The analysis of sil-icone in smal1 quantíties is fraught

1,,,ith probl-e¡¡s. Atomic absorption spectrol',retry allor.''ed quantitation

of siticone in several- autopsy tissue sarnples. Detectable quantities

\..¡ere found in the fiver, spleen, lymph node and other organs. The

Írccunul¿.,tion of hepa-tic silicone correlated v¡ith the duration of

eliposure. A positive correlation could also be demonstrated betv¡een

the a¡iount of silicone and the severity of hepatic fibrosis and

infla¡rmation. Seventeen biopsy and 10 autopsy cases l'rith hepatic
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deposits of sil-icone sholred raiseci Ievels of serum aspartic trans-
a¡linase (AST ) , artd, eigh'b autops¡r cases had nornal levef s of this
enzJ,Tne. Eleven patients shor,¡ecl el-evations of serurt AST lthich e)<ceeded

a six-nonth duration (chronic hepatitis). After consideration and

e).clusion of other knorwt causes of chronic hepatitis, it r,t'as fel-t

that silicone-inclurced hepatitis v¡as a possible cause of chronic

l-iver dysfunction in the haemodial¡rssd patient.

Sil-icone or polydimethylsiloxane is r,riclell¡ employed in medicine,

pha-rr.racy ancl cosme'çics. Despite its stability and relative physio-

logical innertness there is ample experinental and clinical- eviclence

to ind.icate tha.t it ca¡ iuduce a chronic ínflarnmatory response.

Subcuta:reoi6 injections of fl-uid silícone in -bhe rat evoked an

initial inffanmation v¡hich lasted up to six nonths. Subsequent

e)iarnination revealed fibrous encapsuiation of the deposit r'rith
pericapsular ¡nacrophages , l¡rmphocytes a¡1C giant cell-s. Idassive

l-ocalisecl closes of sil-icone produceC strilling abnormalities of

adipose tissue throughou.t the body and the material- l¡a.s dispersed in

rrìanj¡ ol.ganÍì. The fibrogenic and inflammatory properties of sificone

have al-so been seen in cl-inicaf situations. Silicone mastitis is

a chronic granulornatous reaction arouncl d.eposits of silicone fJ-uid,

gel or elastomer introduced for breast augnentation. I'ligration of

the naterial prodr-rces a granulomatous inil-amnation in draining

l¡mph l-ìocles. Illicit injections of sil-icone have produced disseminated

granulomata. In such cases el-evated levefs of serlt,'n hepatic enzJ,¡rnes

ha,ve been recorded in association r,vith granulomata in the liver.

Reports of fatal arrd near-fatal allergic-t¡,pe responses to silicone

el-astorn.er prostheses and subcutaneous injections have described a-

febril-e systemic il-lness associated r,¡ith diffuse arthritis, renaf

failure and an acìult respiratory disiress sJmdrome. Other exanpfes

of clinical m.i¡:ra-bion of sil-icone wirh production of disseminated

¡¡ra.nuJ-onata incl-ude the clecay and fragrnentation of sil-icone baLfs

in ball-val-ve cardj-ac prostheses. The rnigration of silicone frorn

or.thopaeclic prostheses has also prociuced granulomata in the adjacent

synoviun ancl draining 1lmph nodes. rn al-l these instances refractile

particles \,"ere observecl in pl-ragocytic ceLf s.



3

The presence of silicone in the liver of our patients was consistentty
associated l¿ith fibrosis rvhereas inflanrnation was variable. Experi-
mental studies indicate that silicone initiates an infl-amnatory

response v¡l'iich subsides as fibrosis supervenes and isol-ates the

foreign rnaterial. ft is suggested that this phasic reaction pattern

might be reflectecl as variations in serum AST levels.

t,hile there is strong evidence to shov¡ that silicone might be a
prirnary aetiologic factor in the causation of chronic hepatitis,
it is possible that silicone may also function in a synergistic
manner to prolong hepatic infl-amnation and dysfunction initiated by

other causes. fn the presence of depressed erythropoiesis and

irnpa-ired imnune furnction r'¡hich commonly accompanies chronic renal

failure, it was not possible to fuIly evaluate any functional effects

tt-rat silicone deposition malr have had in the bone mamor,/, spleen artd

lyrnph nodes.

firralJ-y, the source of silicone spallation v¿as proven by in vitro

testing of ner.' silicone tubings. Fragrnentation of the inner wal1s

of the tubing v¡as clernonstrated by scanning electron microscopy ¿1-t¿

a.'çonic absorption spectrontetry of the efffuent blood. It is strongly

recor¡mended that tiris source of conta¡nination in extracorporeal-

circulation be imnediately replaced.
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CONTRIBUTTONS OF THIS TFMSIS

This dissertation makes the fol-l-owing contributions:

l-) it identifies the silicone roller pump tubing as a source of
particulate contamination in extracorporeal circulation of blood;

2) evidence is presented to show that silicone deposition in the

liver is a previously unrecognised potential cause of chronic

hepatitis in haemodialysis patients ;

3) the migration, storage ancl tissue reactions to this foreign

materi af are described ;

4) the morpho]ogical features of sil-icone in body tissues are

characterised;

5) the diagnostic approach to a neru rnorphological observation

is outLined and the use of various modern optical, ultrastructural,
and analytical- techniques which can be employed to the identification
of histochemicalty non-reactive particles in tissue sections is
dernonstrated'

6) it d.emonstrates the applicatíon of the refatively ne'!'/ technique

of' efectron dispersive X-ray analysis for the identification of

microscopic quantities of non-biological eleme4ts and confirms

the enhancement of this technique when it is combined v¡ith back-

scattered electron irnaging;

Ð the clifficultj-es involved in the analysis of sificone are reviewed

ancl atornic absorption spectrometry is established as a ttseful

method in the cletection and quantitation of sma1l amounts of

silicone in ',vet tissues and blood;
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8)

e)

10)

11)

1_2)

13)

it describes a method of objective quantitation of the

morphologic variables seen in tissue sections in association

with the presence of'silicone;

the medical applicatíons of silicone, its clinical complications

and potenti-al hrazards are reviewed;

spallation studies of sil-icone tubings are perfor:ned and

scanning electron microscopy and atomic absorption spectrometry

confirm the source of silicone emboli;

the cauËes ancl complications of particulate contamination

in haemodialysis are reviewed;

it shorvs the resufts of experimental introduction of silicone
filings into the subcutaneous tissue of rats;

it clescribes the light microscopic and fine structural changes

associated with silicone mastitis in humans.



6.

ACIO{OV]LEDGEIVIENTS

I arn grateful to my supervisor, Professor A G lJangel,

for his patient and helpful criticisms of this dissertation. I\[y

sincere thanks to l,lr David VJ Gove, my research associate, who spent

many hours assisting with the technical aspects of this investiga-

tion and also to the staff of the e]ectron microscopy suite at, the

Queen Elizabeth Hospital for their cheerful and willing help. Dr

A P S Disney made available the clinical data in thie study. I'1r

J VJaters and I'lr P Schultz of AMDEL anal-ysed the tissue and bl-ood

samples for silicone.

Dr G Phillipou provided invaluable advice during the initial stages

of this study and Dr R G Carter, Director of Histopathology,

Adel-aide ChÍldrenrs Hospital generously made availabl-e the scanning

el-ectron rnicroscope facilities at his department. Dr D Ellis kindly

helped with the use of the scanning electron microscope.

UIrs Leonnie White, l,{rs Caroline Guglielnin and the I'ledica1 Photography

Department printed the many illustrations in this thesis. l"lr P Tyler

assisted with the statistical analysis ancl I am most appreciative

of the opinions and aclvice of the many local and overseas consul-tants.

Lastly, rny wife, Wend.y-Guatr was my inspiration and literary
counsellor.



7

I I}.ITRODUCTIOI'T



I

T INTRODUCTION

over two years ago during routine diagnostic microscopic

examination, the author first noticed the presence of refractile
particles in liver biopsies accessioned at the Histopathology

Department of the Queen Elizabeth Hospital, l,t/oodville. This

thesis descrj-bes the investigations which were undertaken to

characterise this foreign material and relates the events which

subsequently led to the identification of a previously unrecognised

iatrogenic disorder found in patients treated by repeated

haemodialysis.

In an atternpt to preserve the deductive sequences, this dissertation

fo1lows the chronological order in which the investigation was conducted.

Tiris somewhat unconventional mode of presentation will also provide

a more accurate refl-ection of some of the problems encountered in

the study, many of rr¡hich resulted fro¡n difficulties in obtaining

expert advice on analytical facilities.
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II. I ORPHOLOGICAL CHARACTER]STICS OF A FOREIGN MATERIAL

]N T}M LIVER

f I . a. LIGHT IvIICROSCOPY

The foreign material- observed in routinely prepared l-iver

biopsies occurred in varying quantities as small particles or as

larger clumps. It displayed imegular and seemingly crenated or

crinkl-ed outlines. lt lvas col-ourless and transparent and because

of its prominent refractife properties appeared to be inorganic in
character. fts refractility was greatly enhanced by flipping out

the microscope condenser unit and closing the substage diaphragm

to a minimum (Figure 1a). rt did not stain with common

histochemical techniques. Periodic acid-Schiff, Sudan black' 0i1

red O, alkaline sifver, Schmorl and acid fast stains were all negative.

Additional- stains for iron and calcium were also negative and the

material- did not show autofJuorescence when viewed in ul-tra-violet

1ight.

II.b. POLARISATION ],IICROSCOPY

Polarisation microscopy is a useful method in the identi-

fication of foreign material in tissue sections. The properties of

dichroisrn and birefringence are found in anisotropic or optically

unl:rornogeneous objects whose moLecu1es or other submicroscopic units

are arranged in a definite orientation rather than a random arrange-

ment (Pearce, L972). The refractile particles,however, dispJ-ayed

neither dichroism or birefringence when viewed in polarised 1ight,

i.e. the material- was isotropic. Because most crystal-line substances

tend to possess either of these propertiesrtheir"Osence suggested

that the r,rateriaf observed in the liver biopsies lvas not crystalline

in nature.
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IT. c. PI{ASE CONTRAST I'T]CROSCOPY

The phase contrast microscope renders transparent objects
visibl-e by converting phase changes in the light passing through

the object into changes of wave amplitude. For this to occur the

object of study should have a refractive index which is different
from that of the embedding rnedium. The difference is reflected as

regions of differing brightness in the tissue section. It therefore
seemed appropriate to exarnine the refractile particles by phase

contrast microscopy. The particles were found to be brightly
contrast negative (trigure Lb) and the technique proved to be a useful

means of confirrning and detecting the presence of the material-

especially v;hen it occurred in srnall quantities. However, aside

frorn enhancing the accuracy of detection, this method of study

contributed no further information towards identifying the substance.

TI.d. ELECTRON DTFFRACT]O}.I STUDIES

El-ectron or X-ray diffraction studies have been demonstrated

to be useful in determining the chemical- and crystalline nature of
mineral inclusions (Berry et al-, 1,976). Concentric diffraction
rings indicate the crystal-l-ine nature of the object and specific
metals produce characteristic patterns v¡hich al-lov¡ their identifi-
cation. Three biopsies with the refractil-e materiaf were studied by

el-ectron diffraction and the findings confir:ned the polariscopy

observation that the material was not of a crystalfine nature.

II . e. ELECTRON IvÏICROSCOPY

The most striking uLtrastructural feature of the refractile
particles v¡as their strong resenblance to the plastic embedding

meclittrr, usecl in the electron microscopic preparation. The material

had generally rounded outlines and was of varying sizes. It



l_3.

was uniformly el-ectron lucent and showed a characteristic tendency
to rrburnrr when examined in the electron beam in a manner not
dissimilar to that seen with the embedding medium. lr,iith prolonged
bomba¡dment by electrons the material continued to ttSn¡r'trr and to
curl up around the edges of the empty space reft by the tburnr. This
produced a rim of electron density around the rrburnrt hole and,

together with the occasj-onaI residual- strand of the material which
bridged the ho1e, produced a characteristic appearance v¡hich was

readily recognised even at low magnifications (Figure 2). The

Iatter features differed from the behaviour of embeddíng media such

as Spurr and Epon vrhich rrburnrr as enlarging rounded defects or hoLes

v¡ith stretching edg;es of uniform electron lucency.

Iï.f. SLI}'I','jARY

At tl-ris stage of the investigation it appeared that the
refractil-e foreign rnaterial observed in routinely prepared liver
biopsies was not 1ike1y to be crystalline in nature and it shov¡ed

a strong ultrastructural- resernblance to plastic.



l\l

1,4.

Ilcc'¡roi'r r:,icro¡-,raplr of hepeLtic porta'-f tract sÌlov,ring

cl'iaracreri::'bic incl-usions in nle'crophagcs (.I^il;opsy Case 17,

ui ¿'.iìjl I :-ce'c¿'ic-l-eaC ciira';e , )l 5, OO0 ) '

)

{ì

,î
'!

7.

!,

Ì

i't

.lf'ù

.:
:::.

t

a
*t

'6'

¿1

, i.Ö H
Iigure 2



15.

III. IUATERIAL AND METHODS

If I.a. I{ATERIAL EXAI'{INED

Antemortern l,Iaterial-

Postmortem l/laterial

Controls

III.b. METHODS
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IIÏ. },IATERIAL AND T4ETHODS

fII.a. MATERÏAL EXA}IINED

The authorrs previous experience with liver tissues
(Leong, 1976; Leong & Sage, 1-977; Leong, 1,978; 1980; Leong &

Afp, l-981) indicated that the refractile partictes were not an artefact
of processing. As the morphoJ-ogic characteristics gave litile
indication of the nature of the particles, it was necessary to examine

tissues from sel-ecteci cl-inical populations for possible clues to their
origin. It rapidly becanie apparent that the material was encountered

only in l-iver biopsies from patients treated by the Renal Unit of
the hcspital. It also appeared that only patients v,¡ith chronic renal
fail-ure treated vdth repeated haemodialysis accumufated the foreign
material i , their ti-ssues.

The material studied retrospectively consisted of antemorten biopsies
and postmortem tissues. These were separated into cases with chronic
renal- fail-ure treated by haen:rodialysis a¡d those who vrere treated
by other means. fn addítion, suitable controls from patients not

treated by the Renal- Unit l¡ere exanined (Table I ).

Ante mortem I'iaterial

All antemortem l-iver biopsies from patients treated by haenodialysis

at the Queen Elizabeth Hospital were cul-1ed from the fil-es of the

Histopathology Department. Only biopsies obtained between 1973 and

l-990 were examined as departmental records before 1973 were inaccurate

and sl-ides and tissues were frequently unavail-able for examination.

Between January 1973 and June 1980 a tota1 of 42 biopsies from 38

patients were avail-able for study. Arnong these patients vras a

group of 15 cases v¡ho were serologically positive for hepatitis B

surface antigen (nnseg) and had been biopsied as part of a viral
hepatitis study (Coughlin et al, l-980). The other patients had

liver biopsies because of clinical or biochernical Liver dysfunction.
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Table I: I'IATBRIAL EXAI,IINED

I

l

I

LIGTTT I,IICROSCOPY

Biopsy 38 patients
(1S patients HBsAg positive)

Autopsy - 31 patients
(1 patient HBsAg positive)

Controls - 1-O patients with chronic renal failure
(6 treatecl r,¡ith peritoneal dialysis on1y,

4 not dialysed at all)

- BO randomly selected biopsies from non-rena1

patients

- 50 consecutive autopsies of non-renal patients

ELECTRON I,lICROSCOPY

10 autopsy liver samples and 2 spleen samples knov¡n to
contain the refractile contaminant
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All but one were closed liver biopsies.

Postmortern l'{ateri- al-

Between 1976 to 1980, a total- of 3l- patients who had been treated by

haemodial-¡¡sis came to autopsy. AlL available tissues from these

cases v/ere examined retrospectively.

Control-s

Liver biopsy tissues from trvo patients who had rena1 failure but who

had not been treated by haemodialysis were avail-abl-e for examination.

As rnany as B0 l-iver biopsies randomly selected from patients who

had no renal- compJ-aints served as control-s.

Postmortern tissues from 10 patients with chronic renal fail-ure who

hacl not been haemodialysed were exarrined as controls. Six of these

cases vlere treated by peritoneal dialysis only and no dialysis procedure

at all r,¡as done in the others. I'laterial from a further 50 consecutíve

autopsies of patients v¡ho v¡ere not in renal failure were selected
as control-s.

ÏII . b. I'TETHODS

Al1 biopsies and postrnortem tissues had been fixed in
10?á formai-in and embedded in paraffin. They v"rere cut at 4-8 microns

in thickness and were routinely stained with haematoxylin and eosin

for examination by lighi microscopy. In addition, Massonts trichrone,
Periodic acid-Schiff with and without diastase digestion, reticulin,

\, 1t eJ-fastic va¡ Gieson, bile a¡rcl Perf rs stains were perforrned when
/

appropriate. ALf haematoxylin and eosin-stained sections v/ere

further exarnined by phase contrast microscopy for the presence of
the refractiLe particfec. In the event that preservation u¡as poor

or slides were missing, new sections were cut from paraffin blocks

in storage. In all- autopsies but one, postmortem exanination was

complete and tissues of most organs were available for study.
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In l-O autopsies v¡et fo¡malin-fixed liver tissue was available.
Preparation for electron microscopic examination was camied out
in a standard manner (Leong, Chavrla & Teh, 7978; Leong et al, 1980;

Leong, L9BZ). Small portions of liver v¡ere diced into 0.5-mm

cubes and transfemed into a 0.1- M sodium cacodylate buffered
7% glutaraldehyde-A% fornal-dehyde mixture (l{cDowel1 & Trump, L976)

and post-fixed in osrnium tetroxide. The tissue was subsequently

dehydrated in alcohol and embedded in Epon or Spum. One micron-
thick sections stained lvith tol-uidine blue v¡ere examined for
sel-ection of suitable areas to study and thin sections stained v¡ith
uranyl acetate and lead citrate were examined in an AEI type 801

electron microscope. In addition to liver samples, tvro porti-ons

oí spleen were similarly prepared for examination by electron
mi croscopy.
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IV. DISTRIBUTIOI{ AtiD TISSUE I{EACTIOÌ{S T0 TI.IE FOREIGN I;IATERTAL

fV.a.. LIGFIT l.:ICI'.OSCOPIC OESERVATIOI'IS

Liver Patholog.

Splerric Pathology

L¡mph Nocle Pathology

Borre iiamor¡ Pa'chology

Pulnoliary Patholog¡.

Otiier Tissues

IV.b. ELECTROhT I,iICROSCOPIC OPSERVATIOI{S

Ultrastruc'cnral- Observe-tions in the LIver
Ul--trastreictural Observ¿rtions in tÌre Spleeu
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IV. DISTR]BUTION AND TISSUE REACTIONS TO THE FOREIGN I,IATERIAL

IV.a. LfGnT l'{ICROSCOPIC OBSERVATIONS

The refractil,e particles were found only in tissues of
patients r,'¡iro irad been treated with repeated haemodial-ysis. All
l-iver biopsy and autopsy specimens fron rrnon-renalrr patients

v¡hich sen'ed as controls showed no evidence of the refractile particles

even by phase contrast microscopy. Material frorn patients v¡ith chronic

renal- fail-ure v¡ho had not beetr treated by haemodialysis or r,r'ho had

received only peritoneal dialysis did not contain the particl-es.

Of tlie 3E patients v¡ith chronic haemodialysis r,rho had had liver

biopsies, 18 shovred varying amounts of the material. Four of these

patients vrere positive for tiBsAg. Of the 31 autopsies, 22 patj-ents

i'eveal-ed the presence of the refractil-e material in their livers,

5 of these having had previous liver biopsies (Tab1e II ).

Live:: Pathology

By light microscopy, the particles v¡ere isotropic and refractile.

They vrere transparent and colourl-ess and v¡ere best derronstrated by

phase contrast microscopy r,r,hich rendered thern brightly contrast

negative. The material tras present in varying quantities in the

liver ranging from bareJ-y visible particles rn¡ithin macrophages

(figure 1a) to large cJ_umped aggregates in mul-tinucfeated giant

cell_s (Figure 3) or as free particles in the stromaofexpanded

portal tracts. Less frequently they were seen in the lobul-es and

around central veins. I{upffer ceLl-s lining sinusoids occasional-J-y

contained the contarninant (¡'igure 4) and in one case (Autopsy Case 22)

J-arge flal<es of the rnaterial llere observecl distending congested sinusoids

(FiCur.e 5). The presence of these particles was associated r,¡ith

varlab]e degrees of inflanmation and fibrosis in the ]iver (Leong, 1-981).
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Table Ir, DISÎRIBUTION OF RXFFACTILE PARTICLES IN AT'TOPSY

AND BIOPSY IITATERIAL EXAI'TINED BY LIGFil IITICROSCOPY

Tissue Examined Number of Positive Cases

AUTOPSY T,IATERIAL

(totat nunber exarnined 3i-)

1íver
Cases with hepatic granulomata

spleen

lung

bone maryow

I¡rmph node

BIOPSY I{ATERIAL

(total number examíned 38)

liver 18 (4 l8sAg +ve)

22

9

22

o

I
2
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Figure 3: Portal tract granuloma with giant cefl-s containing

clumps of refractile material (H & E, x 550)

Figure 4: Refractil-e parrticles are seen in l(upffer ce]ls lining

hepatic sinusoids (amor'¡s) (H&E, x B5o)'
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Figure 5: Large flakes of refractile naterial are seen distending
hepatic sínusoids. Kupffer cells contain haernosiderin

pigment ancl some granular refractile particles (Autopsy

Case22rH&E,x550).
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A quantitative method of assessing the a¡nount of refractile material,
the severity of infl-amnation and the extent of fibrosis j-n the fiver
sections 1',¡as devised. These estimations v,¡ere made on a coded basis
with no knovrledge of the clinical data. The anount of refractile
material in the liver sections was quantitated on a scale of 0 to 4,

v/¡.tere 0 = absent, 1 - barely visibl-e particles, 2 = readily visibl-e
particles, 3 = clurnped particJ-es and 4 = confl-uent clumps or abunda¡rt

particles (Figure 6). The degree of infl-am¡nation and ey'tent of
fibrosis associated v¡ith these particles rrere assigned scores in the

following manner: for inflammation, 0 = absent, 1 = milcl inflammation,

2 = rTroderate inflanmation r^¡ithout giant ceLls or granuloma forñìati-on,

3 = moderate infl-am¡nation v,rith giant ceffs or granulorna formation and

4 = sêvêre infl-a¡,rmation with or r,¡itirout granufoma formation (Figure 7).
For fibrosis, 0 = absent, 1 - expansion of portal tracts by fibrosis,
2 = stefl-ate scars in portal tracts, 3 = linkage of steLlate scars in
adjacent portal areas and 4 = encj-rcling of noclul-es of hepatocytes b.y

fibrous scars (Figure 8). The results of this quan-bitation are presented

in Tables fIIa and IIIb. Quantitation v¡as sirnilarly performed on

biopsy and autopsy liver sections which di<i not contain tire refractile
maierial- and these results are presented in Tai¡les filc and IIId"

The hepatic infl-ar,rmation seen in associa'bion v¡itii the refracti.ie
particles tended to be located in portal tracts and consisted oí

infil-trating lyrnphocytes, macrophages, imnunoblasts and plasna cel 1s.

It v¡as generall-y mil-d to noderate in severity v,rith a few insta¡ces

v¡here there v¡as virtually no infl-arnmatory response to the presence

of the naterial. fn-three biopsy cases arrd in nine autopsy liver
samples a granulomatous inflammation of multinucl-eated giant cel-Is

and loose aggregates of epithelioid histiocytes was seen. In all-

instar¡ces the refractil-e particles v¡ere l-ocated within phagocytes

and giant cel-ls (Fi¿gure 9) or were extracel-lul-arly sited in the fj.brous

stroma. Although foci of hepatocybe drop-out occumed, significant
lobular infl,ammation was not seen. In only three biopsies was infl-am-

mation considered to be of a severe degree (one of these cases subseq-

uently came to autopsy and shov¡ed a similar degree of inflammation -
Autopsy Case 1l-). In tv¡o biopsies piecemeal necrosis was evident.

One of these came from a HBsAg positive patient who also showed typical
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Quantj-tative scoring for the refractile rnaterial (sil-icone).

a) gracle 1, barely visibfe, b) grade 2' readily vÍsible,

c) grade 3, clunpecì parti/ties, d) grade 4, abundant J¡

(H & E, particles are ur"oto"O).

Iì

Fi¡1ure 6:
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b

Grades of inflammation associated with refractile particles'

a) gracle 1, rnil<l inflarnmation, b) grade 2, rnoderate inflam-

mation r'¿ithout giant cel-fs or granuloma, c) grade 3,

moderate infta¡nnation with giant ce1ls (arrovrs) and

granuloma, d) grade 4, severe inflammation (FI & E' x 125)'

Figure 7:
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Grade.rof'fib¡:osisas:sociar;edt'¡ithdepositionofref'ractile
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Table IIIa: Quantitation of Refractile Particles, Fibrosis
and Infl-arunation in Liver Sections: Biops-y Cases

Case lrlo. Refractile Particl-es Fibrosis Inflammation

l_

2+

J

4

E
J

6+

7+

8

9

10

11

1.2

l_3

14

1E
IJ

l-6+

77

L8

2

t_

-
2

2

3

l_

1_

3

J

2

1_

l_

2

2

2

ó

3

l_

l-

L

¿

l_

1

L

2

¿

2

¿-

2

.)

3

2

4

5

1

1

2

2

2

4

1

1

4x

t_

1

2

0

3*

L

2

4x

2

a = HBsAg positive cases; + = with giant cells or granuloma

refractile particles scoring: 1=barely visible, 2=reâdiIy visible,
3=clumped aggregates, 4=confluent clumps
fibrosis gracling: l=expansion of portal tracts by fibrosis, 2=stellate
scars in portal areas, 3=linkage of stellate Bcars, 4=encircling of
nodules of hepatocytes by firbous bands
inflammation grading: O=absent, l=mild¡ 2=moderate without giant cells
or granuloma, 3=moderate with giant cells or granuloma' 4=severe
vrith or without giant cells or granuloma
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Table IIIb: Quantitation of Refractile Particles. Fibrosis
and InfLanmation in Liver Sections : Autopsv Cases

Case No. Refractile Particles Fibrosis Inflammation

1"

2

J

4
ÊJ

6

7

Õ

I
10

1r-

12

13

1.4

15

l_G

t7
18

L9

20

2r+

¿¿

2

2

2

2

t-

2

1

1

4

J

3

2

2

2

z_

l_

2

1

¿

4

J

4

L

1

1,

3

1

4

1

1

1

2

a

5

3

3

I

4

J

¿

3

3

4

i.

2

1_

2

0

3*

o

o

2

1

4*
e.*

2x

l_

3rç

3*

3*

3n

L

3*

2

2

+ - FlBsAg positive case
* = gFâfrulomas present

Refractil-e Particles scoring: l=barely visible, 2=readily visible,
3=clumped particles ¡ 4-confluent clumps.
Fibrosis grading: l=expansíon of portal tracts by fibrosis, 2=stellate
scars, 3=linkage of stellate scars, 4=€ncircling of hepatoc¡rbe nodules
by fibrous bands
Inflamnation grading: 1<niId, 2=moderate without giant cells or granulomat
3=moclerate urÍth giant cells or granulomasr 4=severe with or without
giant cells or granulolnas.
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Tab]e TIIo: Quantitation of Fibrosis and Infl-ammation in Liver
Sections without Refractile Particl-es: l-4 Biopsy Cases+

Case Fibrosis Infla¡nmation Duration of HD Remarks

21,07 / 76

24e6/76

2536/76

3008/76

306e/76

3352/76

3673/76

3825/76

4557 / 77

LO7/78

7ro/78

356/7e

68:-/7e

4orr3/79

U

t

o

U

0

0

0

4

1

e

2

0

2

1

o

0

ô

0

o

¿

o

J

1

Õ
J

1_

U

1

o

1 mth

1 mth

1 mth

2 nith

3 mth

2 mth

2 mth

3 mth

2 mth

2 mth

3 mth

2 mth

2 mth

6 mth

centrilol,ular
congestion

acute alcoholic
hepatitis

acute al-cohol-ic
hepatíti s
metastatic Ca.

* Liver biopsies from patients serologically positive for HBsAg

were not included in this table as HBsAg per se may be associated
with hepatic morphologic abnorrnality

¡¡ = haemodialysis

grading of fibrosis a¡rd inflammation as in text and Tables IIIa & IIIb
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Table IIId: Quantitation of Fibrosis and Inflammation in Liver

Sections without Refractile Particles: 9 Autops.y Cases

Case Fibrosis Infl-ammation Duration of HD Remarlts

AB3/77

A2O1,/77

A1,4517e

A266/78

A15/80

A36/80

AL92/80

A23t/8o

A275/80

1_

o

3

1

0

0

o

1

o

3

o

2

l-

o

n

2

1_

L

4 mth

2 mth

6 mth

6 mth

1 mth

l- mth

3 mth

7 mth

2 mth

centril-obular
necrosís
alcohoLic hepatitis

severe fatty
change
moderate fatty
change

HD = haemodíalysis

grading of fibrosis a¡rd inflarnmation as described in text and in
Tables IIIa and IIIb.
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Figure 9:

;r.,þ'

Granul-omatous infÌa¡rmation in portal area. Giant

cells with refractile particles, epithelioid:-
histiocytes, l¡rmphocytes and fibroblasts ¿tne seen

(nan,x5oo).
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ground-g1ass hepatocybes in his biopsy while the other was negative
for the antigen (Siopsy Case 17). In the latter, the disruption of
the limiting plate was focal- and associated with a ma¡ked granulo-

matous inflammation (Figure l-0). Scattered macrophages

containing clumps of refractile material could also be seen in the
hepatic lobules and around central veins (figure i.1).

In no instance was the presence of the refractíle particles in the

liver associated with normal hepatic morphology. Although a few

cases showed no ínflarnmatory response, all liver samples which

contained the contaminant had increased amounts of fibrous tissue.
The fibrosis was of varying degrees and was essentially located in
the portal areas. fn two cases (Autopsy Case 20 and 22) fibrosis was

so severe as to produce focal- areas where nodules of hepatoc¡rtes

were completely surrounded by fibrous bands (Fieure 8d). The

encircled nodules, however, mostly retained central veins and

appeared to resul-t from bridging of portal tracts to portal tracts
rather than portal tracts to central veins. Furthermore, the

chalges were focal hence not constituting cirrhosis. Autopsy Case 9,

however, did have micronodular cimhosis with fatty change, the

aetiology of which v¿as confirmed by a strong cl-inical history of
al-cohol abuse.

Splenic Pathology

AIl the 22 autopsy cases which revealed accumulations of the refractil-e
contaminant l,¡ithin the livers also had the material in the spleen

(faUte IV). The spleen appeared to accumulate as much of the contaminar¡t

as the liver, if not more. The particles were mostly'seen around

arteries in the white pulp (rigure 12) where they occurred in macro-

phages and giant ce1ls, as well as freely in the walls of the vessels

or in areas of periarteriolar fíbrosis. Occasional aggregates of epith-
etioid cells anrl giant cells were also seen in these locations (Figure 1-3 )

and scattered macrophages in the red pulp also contained the particles.
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Fig¡re 10: Granulomatous infla-rnmation wiih focal disruption of
linriting plate (eiopsy Case L7, H&E, x 250).

.r-i

Figure 11: Foci of l¡nnphocytes and macrophages with refractiLe
particles around a centraL vein (H&E, x 55O).



34,

Table IV:. DISTruBU:IION OF nEFnAqfILE PARTICTES tN 22

PATTENTS TREATED UETH REPEATED HAEMODIÀIYSIS

case No. Liver* spleen Bone Mamow Lung Lymph Nodes Benarks

1

2

a

4

5

6

7

I
I

10

11

I?
13

L4

l-5

L6

L7

1B

19

20

2T

22

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

1

1

1

3

1_

4

1

L

1

2

3
.)

J

3

2

4

3

2

3

3

4

.NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

+

, I{A

NA

NA

NA

NA

NA

NA

NA

+

NA

NA

metas. Câ.

alcoholic
cirrhosis

linited
autopsy

* = refractile particles in liver graded as: l=barely visible,
!=readiJ-y visible, 3=clurnped aggregates,  =conflu€nt clulnps

NA=not available
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Figure 12: spleen. Prorninent macrophages containing refractil-e
particJ-es ane seen in the spleni_c v¡hite pulp. (H&E,

x 8OO).

Figure 13: A cluster of epithelioid cell-s and macrophages with
prominent refractil-e materiaL is evident in the peri-
a¡teriolar area (H&E, x 230).
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Lymph Node Patholosy

ïn the only two autopsies where lympfr nodes were available for
examination, a granulomatous inflammation uras found in association
with the particles. In both instances the autopsies had been prosected

by the author and abdominal as v¡el1 as mediastinal nodes were found

to show sinuses distended with epithelioid histioc¡rbes and scattered
multinucleated giant cel-l-s both of which contained prominent

refractil-e particles (Figure 14). The latter were also frequently
observed in large J-ipid spaces (figure 1.5) and occasional loose clusters
of epithelioid cells and giant ce11s luere seen in areas of fibrosis
in the medullary and paracortical areas (Figure 16). Nlacrophages

in subcapsular sinuses seldom contained the particles. There appeared

to be no significant fol-licul-ar h¡perplasia associated with the
presence of the particulate contamÍnant.

Bone I'larov¡ Patholop--y

Bone mamow sections were available in 20 out of t}:e 2? autopsies rr¡hich

were positive for the refractile particles. Of the sections examined

nine cases shov¡ed bone mamow involvement. The material was present

in only small quantities which frequently could be detected only

by phase contrast microscopy. It was seen in macropha-ges anrl an

occasional giant ce1l a¡d also frequently appeared to lie free in
fat spaces (figure 17). Although many marrows shov¡ed depressed

erythropoiesis or increased granulopoiesis, there did not appear

to be significant morphologic alteration in the vicinity of the

isotropic deposits.

Pulmonary Patholo¡5¡

Two sections of lung vrere available from each of the 22 postmortem s

and the particles l,¡ere found in B cases. Particles were seen in
macrophages a¡rd giant cells within capillaries of alveolar septae as well
as in alveolar macrophages (Figure l-8). Occasionally large ffakes
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Figure 14: I'IuLtinucfeated giant ceLl in a 1¡rmph node r',¡ith striking
refr.actil-e incl_usions (H&E, x 1r5OO).
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Figure 15: A piece of refractil-e material lying in an empty fat
slrace. Note the irregul-ar crinklecl outl-ines (H&E, x 1,50O) .
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Figure 16: Areas of fibrosis containing epithelioid cell-s and

giant cells with particulate contaminant a-re seen in
the cortical- and paracortical- areas (H&E,, x 25O).

.jt

.^L* t
Figure 17: Bone marroi,v shov.¡ing refractile particles in nacrophages

and v¡ithin fat spaces (H&E, x 5OO).

rf ¡-
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were seen in congested alveolar vessels (figure 19); however,

granulomas and fibrosis were not accompatìying features.

Other Tissues

It becarne evident that besides being widely distributed in the
mononucl-ear phagocytic system (reticulo-endothelial system) ttre
colourless, transparent particles were also seen in pulmonary vessels
and hepatic sinusoids. Because of this vascular dissemination a
careful search for tire refractil-e particles u¡as ¡nade in renal- glomeruli,
brain, adrenal-s and other vascular organs. ParticuLar attentÍon was

also paírl to the endocardiu¡n of the heart in the event that impaction
of the circul-ating microparticles occumed r,¡ith the stimulation of
endocardial fibrosis. Examination of these and al-l- other autopsy

tissues by phase contrast microscopy did not reveal the presence of
the contaminants.

IV.b. ELECTRON I{ICROSCOPTC OBSERVATIONS

Uftrastructural- examination v¡as performed on 10 autopsy

livers and two spleens. fn only trvo caseswerethe liver and splenic
samples obtained freshly at autopsy and fixed directly in glutaraldehyde.

fn all- other cases r,¡et fornal,in-fixed tissue l¡as retrieved for processing

for el-ectron rnicroscopy. Because of the postmortem delays and the

nature of the fixative, preservation of ultrastructural- features was

generally poorr Despite this it was stiff relativel.y easy to recognise

the particulate contaminants in the tissue sections.

In the one-micron-thick plastic embedded sections it v¡as noted that
by phrase contrast microscopy the material l-ost most of its brightly
contrast negative characteristics. Differing brightness is

depenclent on the difference betv¡een the refractive index of the

embedrling mediurn ancl the object of study. The loss of brightness

therefore indÍcated that the refractive index of the microparticLes
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Figure 18: I'iultinucleated giant cell lrith granul_ar refractile
material seen in a pulnonary vessel (H&E, x 500).
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Figure 19: Large piece of refractil-e rnateriaL seen in a pulmonary

vessel-. Smaller particles are al-so seen in intravascul-ar
and al-veol-ar macrophages (arrov,,s) (H.&E, x 5oO).
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was very similar to that of the plastic resin.

Ultrastructural Observations in the Liver

A preliminary description of the ultrastructural features of the
contaminant has been given in section rr.e. The electron-lucent
rnaterj-al- was found intrace]lu1arly in macrophages and giant ce1Is.
rt was membra¡e-bound and appeared to be contained in phagorysosomes

not infrequently in assocj-ation with other phagocytosecl rnaterial
(Figure Z0). Although of uniforrn el-ectron lucency, membrans¡s

outLines could be seen within the rounded inclusions (Fipgre 21-).

Because of thej-r concentric arrangernent these membra¡es occasionally
assumed the appearance of 'rthumb printrr bodies especially when

present adjacent to enlarging I'burnrr holes (fígure 22). The'ilburnil
hol-es v¡ith curl-ing eJ-ectron-dense margins produced an ultrastru*iural
appearance ruhich came to be recognised as a characteristic feature
of the particulate inclusions. Smal1 granular densities were often
distributed in the periphery of the particl-es. There also appeared

to be a thin, membrane-l-ike condensation in the periphery of the
particles so that when in apposition .to lysosomal membranes, tu¡o

paralleJ- membranes were seen (Figure 23). Larger clumps of granular

densi-ties rvere often found in association with the l-ucent inclusions
in the lysosomes (Figure 24). These deposits were densely packed and

difficult to resolve producing an appea-rance which was consistent
with that of compound siderosomes (Ghadially, L975i Richter, L978).

The electron-lucent particles were only rarely found lying free in
the stroma. They ruere al-most allrays intracelfular in location and

in many instances were observed in fragrnents of degenerating c¡rtoplasm.

Despite poor ultrastructural preservation many of the cell-s containing
the contarninants could be recognised as macrophages and the material
was not encountered in other t¡pes of cell-s. Plasma ce1ls, lyrnphocytes,

irn¡nunoblasts and pol¡rmorphs couLd be found in the vicinity of the

incLusion-containing macrophages and collagen and fibroblasts v¡ere
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characteristic lysosomal inclusion in macrophage within

portal tract of' fiver. The materiaL is eLectron-lucent

ancl shows the characteristic burn hole with curling edges.

Granular lysosomal densities are seen in the periphery of

the inclusion (uranyl acetate-Iead citrate, x 30'0OO)'

Figure 20:
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Figure 21: Typical appearance of the foreign material- with burn

hofes and membrane-like structures (uranyl acetate-l-ead

citrate, )i 6rO0O).
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Figure 22: Characteristic efectron-Lucent inclusion with 'rthumb

printrr body adjacent to a burn hole (arrow) (uranyt

acetate-f eacl citrate, x J-5rOO0) .
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Several el-ectron-l.ucent inclusions are seen in a

hepatic macrophage. Note the membrane-like condensation

in the periphery of the incl-usions. Compound siderosomes

are present in the phagolysosome (uranyl acetate-l-ead

citrate, x 24r0O0).

Figure 23:
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Figure 24: Macrophage in portal area with several characteristic

incLusions. compouncl siderosomes a-re also present

(uranyl acetate-lead citrate, x 12'O00).
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also present in the portal tracts. The fibroblasts did not show

evÍdence of myofibroblastic differentiation. The particles were

al-so occasionally sited within fat globules. This was especially
prominent in Biopsy Case 12 which showed marked fatty change and

round incLusions of lucent materiaL were found in fat-containing
macrophages (Figure 25).

An occasional electronJucent particle rdas seen in hepatic

sinusoids in a few autopsy cases (Figure 26) but this feature
was a particularly prominent finding in Autopsy Case 22 in which the

observation couLd be made at light microscopic level (Figure 5).

The material was also found in the space of Disse in this patient;
however, because of poor preservation it cor,Ìd not be ascertained

whether migration of the particles occurred Ín the presence of an

intact sinusoidal endotheliun e¡whether its apparent displacement

was an artefact.

Ul-trastructural Observations in the Spleen

In the spleen the electronJucent particles were also found only

in phagocytic cells (f igure 27). lvlembraneous rrthumb print'r bodies

vrere occasionally seen and the frequency of associated fibrosis and

granulomatous infl.amnation v¡as much less than that observed in the

1iver.
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Figure 25: l,lacrophage containing fat and a piece of the foreign

material which shows an early burn hole with a
retracting margin (uranyl acetate-Iead citrate, x 12rOO0) -
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Figure 26: Tv¡o snal-l- electron-l-ucent particles are present in the

hepatic sinusoid together with several erythrocytes.

The fine structural preservation is poor as this is
retrieved autopsy tissue (uranyl acetate-l-ead citrate,

i

Figure 27: l,lacrophages in the spleen w'ith the characteristic inclusions
(uranyl acetate-lead citrate, x 2r4OO).
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PRELIMINARY ANALYSIS OF TTIE FORTIGN MATERIAL
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V. PRELÏNTTNARY ANALYSÏS OF T}M FOREIGN MATERIAL

I'lorphologic observations thus far confirrned that the

observed refractile material was a particulate contaminant which

was found only in patients v¡ho had been treated by haemodialysis.

The colourl-ess material had a refractive index very similar to that
of epoxy resin and its uLtrastructural characteristics suggested

a further resembl-ance to pJ-astic. From a pathologic standpoint it
seemed that the presence of the material was invariably associated

v¡ith fibrosis or a chronic inflammation in the liver, which, in
some instal-lcesrvras of a granulomatous nature with prorninent giant cell-s.
The material- showed evidence of vascular dissemination and was

wiclely dispersed in the mononuclear phagocytic system.

V.a. LITETIATURE RE\|IEI'J

Granulomatous Hepatitis

Granulomatous inflammation was recognised as a distinct entity in the

early nineteenth century and has been of continuing interest since

(l,ong, 1965). Current definitions of granuloma remge from an

infLammation characterised by the presence of lymphocytes, monocytes

and plasma cel-Is to reactions identified by the presence of mononucl-ear

phagocytes including epithelioid and gíant cells (Ward, L975; Adams,

L976). In this stucly granulomatous inflammation was defined as a

loose or compact collection of mature mononuclear phagocytes with

specialised mononuclear elements such as epithelioid or multinucleated

giant celfs.

Granulomatous hepatitis is a pathologic entity associated with many

systemic and l-ocalised diseases. It is estimated to occur in 3-10%

of Liver biopsies perforrnecl at general hospitals (Guickiar¡ & Perry,

l-966). The causes are legion and contemporary reviews indicate

that tuberculosis and sarcoidosis are by far the most common, accounting
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for 50-60% of paLients in some series (Guickian & Perry, 1966;

Sir¡on & tVolff, 7973). In as many as 26% of patients, however, the
aetioJ-ogy of the disease remains obscure (Simon & trVo1ff, 1973;

t'Iir-I,ladj1essi et a1, l-973). Perusal- of l;he listed causes of
granulomatous hepatitis (Klatskin, L976) indicated that many v/ere

not applicable to the present series of cases. Althcugh infective
causes such as cytomegalovirus (Clarke et aI, L979) a¡d toxoplasmosis

(weitberg et al, 1979) may occur in the patient with renal failure
and impaired immune function, these are r:ot knourn to ìre associated

wi-th the presence of refractiJ-e particLes.

Disseminated granul-omatosis in the liver and lutrg is v¡el1-recognised

in drug addicts (I{in et al, 1,974) and is attributed to insol-uble

particulate fil-l-er materials that are nixeC v¡ith,Éhe narcotics

injected j-ntravenously. The filler material consists of talc
(magnesium silicate), corn starch, cotton fibers and other yet

unidentified refractite and non-refractile materials (Siegel, L9-/2) .

Talc inclusions, horvever, are distinguished from the material

observecl in the present group of patients by their birefringent
crystalline properties r,¡hen viev¡ed in polarised light. The

ul-trastructural appearance of talc is quite dissinrilar to the electron-
l-ucent inclusions seen in our cases (Buschnann & I'fir, L979).

Bariurn as used in racliotogical procedures bears some superficj.af

r.esemblance to the refractile materiaf seen in our patients. I'Iany

racliocontrast rneclia are primarily excreted by the kidneys and

inpairment of renal- function qould result in accumulatioir of these

meclia in body tissues. The possibility of this occurring in the

present group of patients v¡as investigated. A prelinrinary li.terature

survey revealed that rnost iodine-containing contrast media for
excretion urography nay be removed by extra-renal pathvrays. fn

nephrectomised rats, intravenous Fi¡rpaque (sodium and methyl glycamine

cliatrizoate) has been shor,m to be concentrated by the liver and
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excreted into the Íntestines (Chamberlain & Shervrood, 1-966; Catelt
et al , 1967). Ì.{orphologic examination of the contrast media,however,

revealed a col-ourless liquid with onJ.y a weal< tendency to crystalli-
sation, maki-ng this thesis an unlikely possibility.

Thorotrast (thorium dioxide) was widely used as a contrast agent

in some parts of the v¡orld before its carcinogenic propertj-es !\¡ere

recognised. This amorphous crystalline material is not birefringent
or stainable and accumul-ates in macrophages in areas of hepatic
granulomatous inflamnation and fibrosis (Horta, 1967; Kaick et aI,
1978). By light microscopy it bears strong resemblance to the

refractil-e particles seen in our cases, but, in contrast, it is
el-ectron-dense in character (Smoron & Battifora, 1-972). Thorotrast
has not been r-rged at our hospital; furtherrirore, autoradiography tests
perforlred on l-iver tissues fron Autopsy Case 17 and 22 r,vhich had large
amounts of the refractile material showed no evidence of alpha ionising
pa:'tic1e emission.

Llepatitis in Renal Patients

llany potential- causes of hepatic dysfimction may exist in the patient
on haemodialysis and mul-tiple drug therapy. VJhile detail-ed studies

in this group of patients have not been performed, many reports on

renal- transplant patients are available (Briggs et aI, 1973; Sopko

& Anuras, 1978; !/are et al, L979). Several t¡pes of liver disease

can occur in renal- transplant recipients, the most cornflon being acute

and chronic hepatitis. The variety of acute hepatitis incl-udes

hepatitis A, irepatitis B, cytomegal-ovirus hepatitis and herpes

simplex hepatitis (Sopko & Anuras, 1978). I,Jhile a cause could be

identified for the majority of episodes of acute hepatic dysfunction,

the aetiology of most of the chronic hepatitis remains undetermined.

Hepatitis B virus r,¡as the most frequently identified aetiol-ogic agent

ancì cytomegalovirus v¡as indicated as a presumptive or potentially
responsible factor. Azathioprine has been thought to be responsible

for some episodes of acute cholestasis but was exonerated as a cause
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of chro¡ic disease as v/as hepatitis A vin:s (t¡lare et aÌ, l-979).

Iron overload has recently been suggested as a potential- cause of
hepatic pathology (Cotal et aI, 1979) but this coul-d readily be

dismissed from being an important factor in this study as only three
patients reveaLed significantly increased hepatic iron stores by

Perlrs stain (niopsy Case 13 a¡rd 16, Autopsy Case 4). Other

medications such as vitamin A a¡Ld androgens, particularly the oral-

variety, can produce hepatic dysfunction (Leong & Sage, 1977).

These factors, hor,,rever, did not appear to be operative in this series

of patients. Routine screening revealed a raised titre to cytomegalo-

virus in only four cases and a rising titre to herpes simple¡¡ virus,
another potential cause of chronic hepatitis (Sopko & Anuras, L97B)

v¡as found in tv¡o instances. Non-A non-B hepatitis viruses have been

implicated as important causes of chronic liver disease in renal
patients but there are stitl no rel-iable serological tests for these

agents and the diagnosis is presently made by exclusion of other

knor,¡n causes of chronic hepatitis (Lancet, 1-9Bl').

Particul-ate Contamination in Haemodialvsis

There are a nurnber of vrays ín which particuJ-ate rnatter is deLivered

to an organisrn: 1) by surgical introduction, Z) by direct inhalation
of particle-laden air, S) by intravenous sol-utions, 4) orally, and

5) l¡y extracorporeal- therapy. In the context of our patients, the

first two modes of entry are not applicable. l/e have given consider-

ation to ttre possible introduction of the refractile contaminant via
the oral route and intravenous solutions.

The risk of introducing toxic non-biological- substances through extra-

corporeal bfood circuits is real. Early v¡orkers l¡ith atraurnatic

ca¡cliac pullps suggested that rrspalled plastic particles are undoubtedly

responsible for much of the heart (eg subendocardial necrosis and

rrstone heartl syndrome), brain and other organ damage observed in
patients following conventional open heart surgeryrr (Kletschka et al,
197b). Polyvinyl chloride (PVC) and plasticizers used in the manufacture
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of dialysis tubings, blood bags and other devices involved in -bhe

external circulation of blood are potential-1y toxic. Plasticizers
or phthalates which are components of plastic added to the resin
to incluce flexibility rnay be easily eluted and have been detectecl

in the tissues and bl-ood of patients on haemodialysis (Jaeger & Rubin,

1,972i Ono et al-, 1,975; Briggs & Brone, t976; Chen et al, l-979). fn
recent years, because of their wide usage, a great deal- of attention
has been paid to the toxicity of plasticizers (petrict< et at , 1977).

Experimental sources suggest that l-eachabl-e products from PVC tubing
can result in cardiotoxicity (DeHaan, L97I; Lawrence, Autian & lrlisra¡

1-975) and abnormalities of both l-iver function and histology have

been producecl in the subhwrran primate (Jacobson, Kevy and Gard, L979)

ancl rats (t'iooay & Reddy, L978). Other more 'rsubtle toxicitiesil such

as tissue culture cell death or enhanced growth and changes in antibody

reactivity have al-so been demonstrated (cited by Jaeger & Rubin, 1970).

Considering the long terrn and massive exposure to synthetic dialysis
materials, remarkably few instances of toxicity in the cl-inical'

situation have been reported. A virat hepatitis-like syndrome develop-

ing in six patients fol-Iovring e>posure to nev¡ PVC tubings during

haemodialysís has been attributed to the high J-evel of plasticizer

found in the blood (Neergaard et al, 1-97I). In a fater publication

the earne authors (Neergaard et al-, L975) described their further

investigations of this episode. The toxicity of diethylphthalate

vras investigated and it was concluded that diethylphthalate coul-d

not be proven to have caused the non-viral- hepatitis in their þatients.

Other reports have indicatect that skin eruptions resembling porphyria

cutanea may be induced by substances exuded from PVC tubings (Thivolet

et aI,1977; Perrot et aL,1,977; Poh-Fítzpatrick et aI, l-978). Poh-

Fitzpatrick et aI (f978) observed elevated plasma porphyrins in tv'¡o

patients having such skin fesions. Although the rnolecular weight of

uroporphyrin su¡;gests that it is removabl-e by dialysis to a Iimited

extent, no transfer from blood to dial-ysate could be detected. The

authors indicated that the absence of uroporphyrin Ín dialysate may
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be due to protein binding or to repulsive forces at the dialyzer
membrane surface due to charge effects. The same authors, however,

also observed tr,¡o other patients with similar skin Lesions vrho had

normal levels of serum porphyrin. Thus, the role of PVC tubing in
the genesis of these slçin lesÍons is as yet unclear. The evidence

presented or suE€ested by these reports is inconclusive and cannot

be considered as establishing the causative role of PVC tubing.

A recent report of a patient v¿ith necrotising derrnatitis has also been

linked to toxic products frorn blood tubings (Bommer, Ritz & Andrassy,

r.s7e ) .

Lev¡is et al (L978) demonstrated that levels of seru¡r¡ diethylhexyl
phthalate increasecl with longer durations of dialysis. There was also

an individual- variable ability to metabolise and store diethylhez¡¡l

phthalate ancl hepatic functional impairment seemed to ir¡terfere with

its netabol-ism. Diethylhexyl phthalate is norrnalJ-y excreted by the

kiclney but in anephrics excretion of the plasticizer is by rvay of
the bile duct,if liver function is normal (Bal<er et al' 1978).

Plasticizers appeared to be a possible identity of the refractile

rnaterial observed in our patients. Although reference is made to

the occurence of plasti-cizers as particles (lar¡y & Ausman, 1973;

Needha¡ä & Luzzi, Ig73; iVhitlor,r, Needham & Luzzi, 1974), these are

microspheres of liquid plasticizer r,¡hich are pseudoparticles a¡rd

not true solids (Darby & Ausman, 1,973). The microspheres can be

generated by agitating or shaking a fluid like sodium chloride

solution in a flexible PVC container; holvever, the rrparticlesrl

return into solution ciuring storage (I'Jhitlor,r, Needham & Luzzi, L974) .

van ivagenen ancl associates (L975) and Kjellstrand (i-979) have

recovered large particles of plastic released during in vitro testing

of nev¡ bl-ood tubings. Their reports provided the strongest indication

of a lilielJ, source of the refractile contaminant seen in this study.
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The utrtrastmctural appearance of PVC has been studied Ín a case of
PVC pneumoconiosis (Arnaud et al, l-9?B). The PVC inclusions were

non-homogeneous and were surrounded by an electron-dense mernbrane

v¡hose outlines lvere irreÊ.ular. The material vlas rreither granular

or of a fluffy appearancerr. In vitro studies of PVC particle phago-

cytosis by alveolar nacrophages revealed oval bodies of uneven size

v;ith irregular outlines, sometimes surrounded by finely granular

lysosomal material. BJ, polarised light the particl-es were non-

birefringent ancl the material could not be stained.

I,iethods of Identificati on of Particulate lvlaterial in Tissue Sections

Sta¡rdarcl textbooks of histochemical techniques (Littie, 1965; Dury

& i'Ja1J-ington, L967¡' Luna, 1968; Pearcer L972) do not discuss the

identification of non-stainabl-e material- in tissue sections. A

reviev¡ bJ' Johnson (tgZZ) describes methods of analysis for crystalline
particles ancl Crocl<er et aI (1980) advocate the combined use of

electron nicroscopy with X-ray dispersive spectroscopy¡

v.b. CO}¡SULTATIOI'T AND PRELII{TNARY A}íALYSIS

Electron Dispersive X-Ray Anal.ysis

It became apparent from the literature search that the material

observed as microernbolí in haemodialysis patients had not been

previously reported. Electron probe microanafysis appeared to be

the most promising methocl of iclentification of the contaminant. This

facility was not avail-able at the Queen Elizabeth Hospital and

Dr T I¿l l,,lukherjee, Head of Electron l,{icroscopy at the Institute of

l,Iedical and Veterinary Science v¡as consulted. He kindly examined rvet

forrnalin-fi:<eci liver tissue samples knorr¡n to contain large quantities

of the refractíle material by electron dispersive X-ray analysis.
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In the first instamce he reported rrhigh amounts of silicon in the
macrophagesil but exa¡rination of further two specimens from other
patients was not successful (Appendix Ia). Professor F N Ghadiall¡',
llead of the Department of Pathology at the University of Saskatchev¡an

was unable to recognise the materiaL from its light microscopic and

ul-trastructural characteristics. tlis collegue Dr T A Cunningham

felt that the material- v¡as probably not endogenous in origin
(Appenctix Ib). Consultation with a panel of experts made available
thror-rgh the editor of ttUltrastructural Pathofogy" produced three

interesting expert opinions. Professor P Dustin, Head of the

Laboratory of Anatomic Pathology and El-ectron l,licroscopy at the

University of Brussels, suggested that the ntaterial migirt be thorotrast
(Appendix Ic). This possibility had previously been considered and

excluclecl as the r¡aterial- did not emit ionizing alpha partieles.
Professor I( Lapis, Director of the Institute of Pathology and E>peri-

mental Cancer Research at the Senmelweis l,{edical University, Budapest,

felt therrthe discl-osure of its (the material) nature is of prine

sanitary importance. It is important as vrefl, to make .this phenomenon

in a wide circl,e of doctors l"novrnrr (Appendix Id). Professor Lapis

subsequently kinctllr carried out electron dispersive X-ray analysis

on wet hepatic and splenic tissues from three of our cases but v¡as

unable to detect any foreign material by this metl'tod of analysis
(Append-ix Ie). Professor Fenton Schaffner of the I'Iount Sinai l'ledicaI

Center, Nevr York, suggested that the material rvas probably'ra metaf

in the forrn of an oxide, phosphate, sulfate or complex salt engulfed

and storecl in macrophages'r (teong & Gove, 1982). Presentation of

our findings at nationaf meetings (Leong et aI, 1-980; Disney, Leong

& Gove, l_981) stimr-rlateci interest but did not help identify the

contaniinant.

Gas Chromatosrarrhy-nlass Spectro¡netry Analysis

Gas chromatography-mass spec-brometry is a:r established and sensitive

methocl of detecting plasticizers (Hillman, Goodwin & Shernran' 1975).

Analysis conducted by Dr G Phillipou of the Endocrinology Laboratories,
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Departrnent of Obstetrics and G¡maecolog¡r, the Queen Elizabeth
Hospital yieJ,ded no significant dlfference in levels of plasticizers
in three liver samples with the refractÍle materlal over that of
control liver tissues.

ExaminatÍon of Effluent Blood from Ìlaemodialysis Machines

l,licroscopic and ultrastructural examination of the ultrafiltrate
of effluent blood dor,rrnstream of the dialyser as well- as dialysate
samples did not reveal the presence of any refractile rnaterial.
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\rl. ANIITAL EXPERÏMENTS

VI.a. TI\]ITRAVENOUS TNJECTTON OF PVC

AND SÏLICONE

VI.b. SUBCUTANEOUS IIV|RODUCTION OF

SILfCONE PARTICLES
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\rI. ANII,IAL EXPERII,IENTS

At this stage of the investigation it seemed that the most
likely identity of the refractile material was pvc or some other
plastic contaminant derÍvecl from the blood lines or blood bag. The

dialysis filter material, cuprophane, v¡as a possible source of
particulate contamination but it v¡as el_iminated as a suspect when

it was found to have birefringent properties. Examination of bLood

_tubings in dialysis nachines revealed that pvc was the most conmon

material in direct contact lvith the blood. Direct questioning and

inquiry reveal-ed that the dialysis unit in the hospital had up to
Novenber 1979 used siricone (silastic) as the rol-ler pump tubing
segment; iror'rever, rrdecay changes'r occuming in the silicone tubing
after use necessitated its replacement ürith pVC.

VI.a. I},NRAVENOUS INJECTION OF PVC AIID S]LICONE

Animal- e>çeriments were designed to test if PVC or sil-icone
introduced intravenously v¡oul-d produce granulomatous hepatitis. Tissue
exanination v¡oul-d also alforu study of the morphological and optica]-
properties of these plastics. As a screening procedure filings of
PVC fron the blood pump tubings rver.e embedded in autopsy tissue and
prepared for examination in an electron microscope. The ultrastructural
appearance of PVC particles was not dissimilar to that of the electron-
lucent contaminants (Figure Z8).

An initial group of four adul-t Wistar rats was chosen for intravenous
injection of filed particres of pvc in saline. Attempts at intro-
ducing the particl-es into the tail veins of the anirnals tvere compl-icated
by thrombosis of the vessel-s in all instances, as it v,¡as not possible
to render the particfes sufficiently smaLl. A similar problem vras

encountered vritir the use of silicone particles scraped from the tubing.
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E]ectron micrograph of PVC filings arti.ficially embedded

into a piece of fibrous tlssue. Although el-ectron-lucent,

PVC is slightly denser that the material seen in the

haemodialysed patients. The tendency to burn holes is

a common feature (uranyl acetate-lead citrate, x 71500).

...

Figure 28:
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VT.b. SUBCUTANEOUS INTRODUCT]ON OF STLICONE PARTICLES

A second batch of four adult lt/ista¡ rats was selected and

the inner aspects of al-l- l-imbs were shaven and svrabbed with alcohof .

The external surface of a sil-icone roller pump tubing lr¡as swabbed

with alcohol and fragments of pJ-astic were scraped off with a sterile
scalpsl. These particJ-es were then introduced into four skin incisions
nade in the cleaned inner aspects of the right limbs of the rats.
In tv¡o rats the particles were deposited in the subcutaneous layers
whil-e in the others the silicone was placed intramuscularly. Simil-ar

incisions v¡ere made in the opposite limbs but no silicone particles
rvere introduced. All wounds were closed with silk. After 7 days,

palpable nodules developed in the areas of silicone deposition,ø
Biopsies were taken from these areas as well as the opposite control
sites and prepared for light microscopic and ultrastructural exarnination.

A granulomatous inflammation was found in the areas of subcuteuleous

deposition of silicone. Large empty spaces, pieces of refractile
materia1, macrophages and giant cel-l-s containing granular refractil-e
incl-usions r/ere seen (Fi-gure 29). Electron rnicroscopy revealed large

electron-lucent incl-usions within macrophage l-ysosomes (Figure 30).

In addition, there were also areas of electron density and rrmembrane-

Likeil structures 1^/ere noted in the inclusions. Characteristic rrburnrr

holes rvere also clisplayed by the inclusions of silicone. The intra-
rnuscular deposits of sil-icone only evoked a minor chronic inflammatory

response and no granulomas were found. The sham-operated sites
contained only granulati-on tissue.
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Subcutaneous silicone granul-ona in the rat. A granulomatous

inflammation is seen around enpty spaces v¡hich represent

places r,¡here silicone filings have fallen out of the section.
Several- giant cell-s are present, sorne t'¡ith refractile

incl-usions (aror,r) (H&E, x 250).

-+
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Figure 29:

q

Itigure 30: Electron rnicrograph of rat macrophage containi-ng an

electron-l-ucent inclusion (urranyl- acetate-l-ead citrate,

x B,OOO).

.15,



64

\Ær. DEFINITÏIÆ ÏDENTIFTCATION OF THE FOREIGN MATERIAL

VII.a. I\IORPHOLOGIC E)GI,IINATION 0F SILICONE I'{ASTITIS

\rII.b. ELECTRON DISPERSI1IE X-RAY ANALYSIS

OF TFIE FOAEIGN MATERIAL

VII .o. ATONIT C ABSORPTION SPECTROI{ETRY AI{AIYSIS

OF THE FORXIGN I{ATERIAI
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\rIr. DEFTNTTTVE IDENTIFICATION OF TFIE FOREIGN I"TATERIAL

There is currently a great deal of interest in the decay

and fragmentation of prostheses manufactured out of silicone.
Three reports have described the occurrence of fragmentation of
silicone elastorner joint prostheses with production of trdendritic

s¡movitisrr and I¡rmphadenopathy (Aptekar et al , L974; Christie et al,
L977; Kircher, 19BO). Both s¡movium and draining lynrph nodes

revealed a granulomatous infLa¡nmation with multinucleated giant
ce1ls which contaj-ned a refractile, non-birefríngent material very
simi1ar to that seen in our patients. In these reports the nature
of the foreign materi-al u¡as iclentified only by its morphological
sinilarity to filings from a nevJ silicone el-astomer prosthesis.
It was stated that the manufacturers had declared that 'rat present

there is no simple technique for definitely identifying silicone in
a lyriph noderr (Ch.ristie et al , 1,977). The appearances of these

fragments of prosthesis further supported the contention that the
microemboli seen in our patients r,¡as silicone.

Vlr.a. I'IORPFIOLOGIC EXAI,{INATION 0F SILICONE I{ASTITIS

Silicone is widely employed in the field of plastic
surgery, especially for the augmentation of breasts. As it
happened, biopsies from a case of silicone mastitis were accessioned

during the period of this investigation. The material was from a
young woman who had had bilateral injections of liquid silicone
into her breasts. Fresh biopsy material was fixed in glutaraldehyde

and prepared for el-ectron microscopic examination. Tissue v¡as also
prepared in the usual- manner for light microscopy.

The macroscopic specimen lvas greasy and contained large blobs of a
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grey putty-like substance. At the light microscopic level, large
empty spaces were found in the tissue sections, representing extra-
cellular.deposits of the material_ which had a tendency to falt
out of the sections. A prominent chronic inflammatory response was

seen in dense fibrous tissue which contained large vacuoles of
arnorphous, unstainable material and collections of foamy macrophages

and giarrt cell-s were also present (Figure 31 ). The subst¿u1ce was

non-birefringent and only smaller intracellular deposits were refractile.
In the electron microscope, the rounded intrac¡rboplasmic inclusions
v¡ere electron-lucent and contained membrane-like structures. They

were seen in lysosomes of macrophages and were associated with
granular lysosomal deposits (figure 32).

\rl].b. ELECTRON DISPERSTVE X.RAY AI{ALYSIS OF THE FOF-EIGN I,ÍATERIAL

Initial- electron dispersive X-ray analysis (EDXA) had been

perforrned by a loca1 and an overseas expert. Although the exarnination

had been made on liver and spleen samples confirrned by light rnicro-
scopy and ultrastructural studies to contain the particulate
contaminant, they v¡ere reported to show no foreign material. Despite

this initial setback, it was decided to repeat the analysis as EDXA

appeared to be the rnethod most like1y to reveal the identity of the

refractile material.

ED)G is a method of microanalysis which has only in recent years

been applíed to diagnostic pathology (ehaaially, 19793 Abraham, l-9BO).

The technique consists of focussing a beam of fast electrons onto

an area of specimen surface and examining one or more of the signals
that emanate due to the interaction. X-ray and electron energy loss
signals are t¡rpicaIly used for elemental analysis. Other signals

that can be used for chernícal deterrnination are Auger electrons,
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'One micron*thick section of silicone mastitis. I'Iacrophages

v¡ith foamy cytoplasrn are seen in the fibrous tissue. A

giant celI in the center of the picture contains a large

vacuole (toluidine blue, Epon embedded, x 50O).

Figure 31:

Electron rnicrograph of a macrophage containing electron-

lucent inclusions of silicone from a case of silicone

mastitis (uranyl acetate-lead citrate, x 4'OO0).

Figure 32:
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fluorescence in the optical region (cathodoluminescence) and electron
diffraction and charmeling. This microanal¡rLical technique also

has the important advantage of working on fresh tissue as well as

on material which has been stored for long periods ín fixative.
It is reported to work on mummified tissue of a thousand years
(Rbranam, 1-980 ) .

EDXA was performed with the assistance of Mr P Schultz of the

Geological Services Division, Australian l{ineral Development

Laboratories. Samples from livers previously subjected to ED)(A

were studied (Autopsy Case 1,1 artd 22). In addition, a biopsy

containing subcutaneous silicone filings from a rat rvas examined.

The tissues rvere embedded in Epon and coated with carbon to render

them electrically conductive. They were examined in a scanning

el-ectron microscope equipped with an energy dispersive detector.

llhen first examined, the rat tissue showed high concentrations of
silicon and the human livers contained some concentration of the

el-ement in areas r'¡hich were too small to be resolved with the

electron probe (Appendix IIa). The analysis was repeated using

the technique of back-scattered electron imaging to locate the

Eureas of silicon depositíon. The interaction betr,¡een an incident

electron beam and aly specimen results in a variety of signals

distlnct from the scattered el-ectrons, these incl-ude Auger electrons,

X-rays and back-scattered electrons. Back-scattered electrons

emerge in part from the cefl surface, but mostly from within the

cef1s. The latter property allows intracellular elements to be

de'bected. When coLlected by the appropriate detector, these electrons

can be used to produce images in the sca¡ning efectron microscope

- a technique knovrn as back-scattered electron imaging. These

images reflect the topographical distribution a¡rd concentration

of a large nurber of el-ements (fiori, l-g$1; Soligo & de Harven, L981).

tJith the aid of this technique it became possible to study the small

localised deposits of the foreign material (Fígure 33). Spectrometer

scans of these atreas revealed distinct silicon peaks in both huma¡¡
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Figure 33a: Scanning el-ectron rnicrograph of subcutaneous silicone
deposits in the rat using the back-scattered electron
rnocle (x 5,O00).

Figure 33b: X-ray distribution map for the silicon present in the

sane area in Figurre 33a. The clusters of v¿hite dots

represent the location of the silicon (x 5,OOO).
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liver samples and the ener&y spectra were identicar in shape and

distribution w'ith that of the silicone filings in the rat tissue
(Figure 34) (Appendix IIb).

EDXA identifies the elernent silicon rather than being specific
for the compound silicone (polydimethylsiloxane, a long chain
polymer tuith silicon as its backbone). This anal¡rbicaÌ technique

Coes, however, combine the morphological demonstration of the
material with the elemental analysis which showed the presence of
only silicon. This excluded silicates v¡hich have other cations
eg I{a, I'{g, AI , K etc. Pure siLicon does not naturally occur in the
free state and SiO, (silica) does not have the optícal characteristics
of the refractile ¡naterial. The spectrarfurthermore, were identical-
with those of the pure silicone filings in rat tissue.

It is instructive to speculate why the initial microprobe examinations

fail-ed. Neither of the tr,ro previous examinations employed back-

scattered electron imaging and areas of analysis were based on

transmission el-ectron microscopy images. As the foreign material
r,¡as mostly intracellul-ar and only in srnalL areas, it is conceivabl-e

that they could have been missed. Our success Ín identifying the

nature of the contaninant lends support to Abrahamrs (l-980) claim

that back-scattered electron imaging with cornpositional contrast
is essential in making efficient diagnostic use of mj.croanalysis

in the scanning eLectron microscope.

Follorving reports of our preliminary findings (Leong et af, 1981-a;

l-981b), Professor J L Abraham of the University of California offered

to exarnine our rnaterial. Using EDXA with back-scattered eLectron

imaging he confirrned our findings that the particles of refractile
material- containeC high concentrations of silicon (Appendix IIc)
(Figure 35).
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Figure 34: Composite of three energy spectra of (a) pure silicone
filings in the rat and of the refractil-e particles in
liver samples from (¡) Autopsy Case 22 and (c) Autopsy

Case 11. Al1 three spectra show a high peak for silicon
(arror,r). Note the similarity of the liver material to
the silicone filings (See Appendix IIb for scanning details).
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Figure 35a: scanning electron micrograph of the cut surface of the
Iiver shouing a focus of silicone cleposition (Autopsy
Case 22 - photograph courtesy of Prof J L Abraham).

Scanning electron micrograph of the same area as Figure 35a

using the back-scattered electron mode. The darker areas
show deposits of silicone (photograph courtesy of Prof Abraham)

Figure 35b:
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Specirurn from an energy-dispersive X-ray analysis of
the sil-icone deposits in Autopsy Case 22. The large
peak at I.74 kev iclentifies silicon. (pf¡otograph
kinclly provided by Professor J L Abralram, University
of California).

Pigure 35c:
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VII . c., ATOI'IIC ABSORPT]O}I SPECTROIUET RY ANALYSIS OF T}IE FOREI GN I,IATERIAL

The analytical chemistry of the silicones abouncis with
probrems which have not yet been satisfactory solved. Nol_r (r_g6s)

reports that the determination of the constitution of rerativery
comprex pol¡rmeric silicones is a problem which can be solved only
by the use of various methods, and often not unambiguously. rThe

desire of deterrnining small concentrations of silicones in sol_id
or liquid technical products cannot always be satisfiedil. The

literature reveals only three reports in which sil-icone concentrations
rvere quantitated in biol-ogical material-. solomons a¡d Jones (1975)

presented a detaí1ed study of the quantitation of silicone (poIycìi-
r,rethylsil-oxane) in the tissues of a v¡oman who died follovdng injections
of silicone into her breasts. These authors utiLised the method of
atomic absorption spectrometry in their anarysis. Another turo

reports of fatal- and near fatal episodes following inadvertent intra-
vascular injections of si1icone during breast augmentation rnentions

atomic emission spectrography (Ellenbogen et at, LgTs) and mass

spectrometry (uretsky et a1, 1979) as methods of anal-ysis. rn both
these reports analysis vias perfornred by commercial agencies.
Comespondence with one of the authors discl-osed the address of one

of these agencies but financial- constraints prevented further foltow-up
(Appendix IId). Nol] (196S) discussed other methods of anal¡,sis and

infrared and ul-traviolet spectrometry have been used in experi-mental-

studies (Gayou, 1976; Bergman & van der Ende, L979).

Facilities for quantitative analysis of silicone urere eventually
found. l.f¡ J l'/aters of the Analytical Chemistry Division of the
Australian }Iineral Development Laboratories perforrned atomic absorption
spectrometry analysis of wet tissues which were available from 11

postmortens (Appendix IIe ancl IIf). Analysis was perforrned in a

Varian-Techtron Atomic Absorption Spectrometer (mode1 44775)'^rith
a graphite furnace atomization (model CIIA-9O) and Amdel filarnent-in-
iìrrnace atomization (model FIFA-3). Samples of liver, spleen, lung,
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lymph node and perinodal tissue from cases shown microscopically
to contain silicone partfcles as well as from controls were

examined. fhe resrìlts e:q>ressed as chloroform-soluble polydi-
methylsiloxarre are shown in Table V. In the cases where samples

of spleen were avaiLable for analysis, they were found to
contain as much as twice the amount of silicone per unit weight

of wet tissue when compared to liver samples.

I

Ì

t
I

¡l
I

i
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Table V: AtomÍc Absorption Spectrometry Analysis of i.l_ Autopsies

of Haemodialysed Patients vdth Silicone Embolisation

*Silicone e>çressed as chloroform-so1uble polydimethylsiloxane

NA = x¡s1 tissue not available for a¡alysís
Control- 1 = Dori-rena1 patient
ControL 2 = haemodialysed patient v¡ith no detectable siJ-icone by

phase contrast microscopy

Controls 3 & 4 - peritoneal dì.a1ysis only patients

10

15

10

l_o

Control l-

Control 2

Control 3

Control 4

NA

NA

NA

t_5

NA

NA

NA

NA

NA

NA

50

NA

I\IA

NA

NA

NA

NA

70

80

NA

NA

20

l_5

20

L5

30

45

160

1

4

l_ l-

l-6

20

2L

22

LungLymph NodeSpleenLiverCase No.

* S I L I C O N E (ue/e wet tissue)
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\NII. CLINI CO-PATHOLOGI CAL CORRELATION

VIII.a. ANALYSIS 0F CLINICAL DATA

\rII].b. STATTSTICAT ANALYSIS OF }IISTOLOGIC

S'IANTITATIVE STUDIES

VIII.c. EXAI,'IINATION OF SEQUENTIAL BIOPSIES
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VTIÏ. CLINI CO-PATFIOLOGI CAL CORRELATTON

'rl'llI.a. AI.IALYSIS 0F CLII{ICAL DATA

The case notes of al1 patients who had accumul-ated silicone
in their tissues were r.eviewed for the fol-Iowing data: 1) duratíon
of haemodialysis, 2) highest leveL of serum aspartic transaminase (ASf¡

measured, 3) duration of contínuously raised AST, 4) hepatitis B

antigenemia and 5) serum titres against cytomegalovirus, toxopJ-asma,

and herpes sirnpJ-ex virus.

Although full- biochemical liver function tests v¡ere avaiLabl-e in all
cases, the serum AST 1eve1 uras chosen as the most reliable index of
hepatocell-ular necrosis (Burke , 1,975). 'rlnflammation of the l-iver
continuing vdthout improvement for at least six monthsrr, an inter-
national definition of chronic hepatítis (U S Government Printing
Office , L97A ) was adoptecl for this study. Hepatic infl-ammation rvas

assessecl by seruni AST estirnations (normaf 0-50 IU/t). These data

are presented in Tables \lIa and VIb. The duraiion of haenodial)'sj-s

associated v¡ith rnicroscopically detectabLe hepatic silicone ranged

îrom 2-84 months (mean 24 months). The patient vrith the shortest

duration of haernodialysis al-so had hepatic metastases from an adeno-

carcinor,ra of the colon (Autopsy Case 1). Barely detectable but

clefinite quantities of sificone vrere observed in this case. The

patient with the longest duration of exposure aLso showed the largest
quantity of silicone in his tissues. In the liver, this accu¡nul-ation

v¡as associated v¡ith a grade 4 fibrosis.

Of the 18 patients who had l-iver biopsies which contained silicone,

17 had leve1s of serum AST whictr exceeded 50 IU/t. The only case

with normal AST fevels was biopsied because of seropositivity for

I{BsAg, In l-O of these cases, the AST levels v¡ere persistently raised

beyond six months (chronic hepatitis), three of these having biopsies

which revealed a granulomatous inflammation. Sinilarly, chronic
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Table \lla: Ctinical and Histologic Features of Cases with Silicone
in their Livers: l-B Biopsy Cases

+ - HBsAg positive cases, o= granulomatous infla¡nmation
silicone score: l=barely visible, 2=r€âdily visible, 3=c1u;tped aggregatest
4-confluent clumps
fibrosis grading: l=expansion of portal tracts by fibrosis, 2=stellate scars
in portal- areas, 3=linkage of stelLate scars, 4-encircling of nodufes of
hepatòcytes by fibrous bands
inflammation grading: O=absent, 1=mi1c1, 2=moderate without giant ce1Is or
granulomata, 3=moderate w'ith giant cells or grarulomata, 4-severe with or
vrithout giant cells or granulomata
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Table vrb; clinical and Histologic Features of cases with silicone
in their Livers z 22 Autopsy Cases

+ = lIBsAg positive cases, * = giant cells or granulomata
silicone score: 1=þ¿¡s1y visible, 2=readily visible, 3=clumped aggregates,
4=confluent clumps
fibrosis gracting: l=expansion of portal tracts by fibrosis, 2=steIlate scars,
3=linkage of stellate sca¡s, 4-encircling of hepatoc¡Ée nodules by fibrous bands
inflammation grading: o=absent, 1<nild, 2=rnoderate without giant cells or
granulomata, 3=moderäte vrith giant cells or granulomata, 4=Severe with or
without giant cells or granulomata
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hepatitis was observed in four of the L4 autopsy cases which had

raised serum AST. Three of these had previously been biopsied.
In all- autopsy cases the AST levels tended to fluctuate and only

two patients died r,,¡ith raised levels of this enzJ¡me, both being

cases of chronic granuÌomatous hepatitis.

Four patients ryere positive for FtssAg (niopsy Case 21617116. Case

l-6 came to autopsy). A raised titre to cytomegalovirus r¿as found

in four patients (Siopsy Case 11, 13, 15 and Autopsy Case g), and

rising titres to herpes siniplex virus was detected in tr,ro patients
(niopsy Case 13 ancì Autopsy Case 9).

\TI].b. STATISTICAL ANALYSIS OF HISTOLOGIC QUANT]TATION STUDIES

The quantitative scores assigned to the amount of siJ-icone,

and the severity of infl-amrnation and fibrosis in the l-iver allov¡ed

statistical correlation of these variables. Employing KendaJ-Irs

non-parametric statistical- method (UollanAer & lJoLfe, 1973), a

posÍtive correl-ation v¡as found betr'¡een the amount of silicone in

the l-iver and the duration of haemoclialysis (K = 15O, p ( 0.0001).

A significant corcel-ation v¡as found betv,¡een the amount of silicone

ancl the grade of infl-ammation (K = 198, p = O.OO2) and betr¡een the

amount of siticone ancl the severity of fibrosis (K = 150r F = 0.02)

(Appenclix III). Cases serologically positive for FIBsAg' a case

of micronodular cirrhosis relatecl to afcohol (Autopsy Case 9) and a

case lvith metastatic carcinoma (Autopsy Case 1-) were excluded from

statistical analysis because these conditions may be associated

r,¡ith inflarnmation and fibrosis per se.

VIII . c. EXAI,1II'IATI0I'Ï 0F SIQUENTIAL LIVER BIOPSIES

tn nine patients more than one liver sample was available

for exa¡nination. In six of these the time interval between obtaining
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the liver samples was sufficiently rong to arlow examination for
any progression of the pathology (Table \Iff). In Autopsy Case 6,
a liver biopsy taken before commencement of haemoclialysis showed

no silicone or any significant morphologic alteration. At post-
mortem 37 months later, after 9 months of haemodialysis, a granulo-
matous hepatitis uras present v¡ith abundant particles of silicone.
Autopsy case 21 showed barely visible particles of silicone after
three months of dialysis whereas silicone rvas readily seen after
33 months of dialysis. At autopsy after a total_ of 69 months of
eKposure, silicone occurued in prominent clumps ar-rd infl-ammation

uas of a rnoderate severity and rinking scars were observed in the
livcr (Figure 36). Autopsy Case 22 showed no detectable silicone
after l-O months of dialysis, but, at postmortem after a further
74 nonths of repeated dialysis, he had deveLoped grade 4 silicone
and grade 4 fibrosis in the U_ver (Figure 37).

Sone general- remarks coul-d be made from the changes seen in the
fev¡ cases in which serial liver samples were avail-abl-e. It v¡as

cJ-ea::Iy denonstrated that sil-icone was not present prior to
haemodial-ysis and the quantity of hepatic silicone tended to increase
with the duratiol-r of exposure.
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Table IIII: CASES lÀlI?H SEQITEI{TIAT LMB SAI{PLES

Case No. Duratíon of Dialysis Silicone Fibrosis Infla¡nmatíon

4.1 2 rnonths

2/¿ months

4.6 0 months

9 months

A.10 17 months

L9 months

2

¿

2

2

0

4

J

3

1

2

3

o

3*

1

1

L

3*

3*

l_

2

2

0

2

1

2

1

1

1

1

1

1

0

2

3

3

.J

3

0

2

2

L

2

3

0

4

A.1l_

A.l2

A.2l

4.22

B.L2

8.15

25 months

27 months

0 months

2B months

28 months

3 months

33 rnonths

69 months

0 nonths

84 nonths

3 months

18 months

22 months

30 months

4*

4*

o

3

3

0

1

o

4

o

2

2

2

3

3

* - røith giarrt cells or granuJ.ona fonnation



8,4.

t

a

I

¡t3

Figure 36: SequentíalliversamplesfromAutopsyCase2l.
(a) after 3 months àiafysis' silicone 1' fibrosis 1'

inflammation 1, (¡) aftãr 33.months dialysis' silicone 2'

fibrosis 2, inrrutítifti z' (c) after 69 months dialvsis'
silicorre 3, fiUrosis 3, inflarnmation 2 (H&E' x 125) '
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Liver after 84 months of haemodialysis. There is marked

fibrcsis rvhich encircles nodules of hepatoc¡rtes. Central

veins, however, remain preserved in most of these nodules

and the fibrous linkage is between portal areas. I'{acrophages

containing abundant particles of silicone are also present

in the portal areas and fibrous scars (H & E, x 1oO).
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IX. IN \[TRO SPALLATION TESTS

IX.a. ATOI'{IC ABSORPTION SPECTROI'IETRY

IX.b. SCA}TNING ELECTRON M]CROSCOPY
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IX. IN \[TRO SPALLATION TESTS

The word rrspallrr is defined in the Shorter Oxford

Dictionary asrrto break (ore) into smal-Ier piecesrtor t'to split
or break offil or'rto chip or splinterrr(Little et al, l-963).

The word rrspallationil has been introduced for rrthe release of
small plastic fragments into the body'r (plA tUe¿ical Standards

Publ-ication, 1980). The possibility of spallation occurring
from blood Lines has been recognised and because of its potential
hazards, Kjellstr¡:'nd (1978) has urged that rrspallation tests be

performed on alL bl-ood tubings, filters artd pumps before their
cl-inical- userr.

IX.a. ATOI{IC ABSORPTION SPECTROI{ETRY ANALYSIS

fn vitro testing v,ras set up to prove the source of silicone
contamínation in our cases. Three separate experiments were

performed. In the first, haemodialysis blood lines (Tuta Laboratories

Australia, Pty, Ltd) were connected in a continuous circuit to a

plastic bag containing 5OO mI of whol-e blood (Figure 38). The 4O-cm

segment of silicone tubing was placed Ín a rrjust occlusiverr ro11er

pump. The pump produced a compression of about 2O-3O% of the

tubíng diameter a¡d flow rates were set at 250-300 ml per minute

to simufate dialysis. Bl-ood samples of 20 ml portions were draryn

in a disposal plastic syringe (Terumo Australia, Pty' Ltd) at the

cornmencement of the experiment and subsequently after 5, 20, 48

and 96 hours of pr-rmping. The samples lJere stored in sterile glass

containers with metal- tops.

A second experiment was performed in a similar fashion with a ne\^I
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Figure 38: In vitro testing of silicone tubing' Blood from a plastic

bag is continuously circulated through nev¡ blood lines

and the 40-cm length of silicone tubing is located in

the roller plìmp as shov¡n in the close-up photograph'

Flow rates of 25O-3OO ml/min simulate dialysís and the

rollers conpress the tubing to 2O-3Ú/" of its diameter'
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set of blood lines, but this time no blood samples v¡ere tal<en.

At the completion of 20 hours of pumping, the silicone tube was

rinsed in water and prepared for examination.

In the third experiment a similar procedure vras repeated on a

nev¡ set of bloocl tubings. Five hundred millilitres of v¡hole blood

v¡ere continuously pumped through the silicone tubing for a perj-od

of five hours which represents the average duration of use during

haenodialysis. At the completion of this period of pumping the

sil-icone tubing v¡as rinsed in water and prepared for examination.

All blood samples obtained during the first ex¡rerirnetit were submitteci

for analysis by ator¡i-c absorption spectronetry and the level-s of

sil,icone detected are presented in Figure 39 (Appendix IIf).

A nerr¡ unused sil-icone tubing and the tubings which were subjected to

five and twenty hours of pumping ufere exa.¡nined with a dissecting

micr.oscope. Deep slashes v¡ere fou¡rd in three locations on the

external surface of the 2O-hour tubing but the other tubings vrere

grossly unalterecl. AlI tubings v.¡ere divided longitudinally and thej'r

internaf surfaces exarnined with a dissecting microscope. The ner¡¡

tubing displayed a rough internal- surface v¡ith a vague basl<et-1,'eave

paitern (Figure 4Oa) . After five hou::s of use there l',ras an accentuation

of this pattern as if the tube had been stretchecl. Broad anastomosirtg

grooves vrere present between efevated areas or ridges which generally

ran along the circumference of the tubing (Figure 40b). In addition'

pit-like clepressions could be seen on the ridges. After 20 hours of

punping, the efevated ridges appeared to have been flattened as they

were broader while the intervening grooves u¡ere nagovrer (Figure 4Oc)

Pitting ancl scooped-out defects u¡ere more evident (Leong & Gove' l-982)'

IX.b. SCANNII'{G ELECTRON I.{ICROSCOPY

Scanning efectron microscopy (Snt't) is an established method

of examining surfaces of biological and non-biological- material
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F'igure 4Oa: Iielv silicone tubing, internal surface. Note the
intrinsic reticul_ar pattern (x 10).

Figure 40b:

91'

Sil-icone tubing after 5 hours pumping. Broad grooves
are present betr¡een ridges producing a sornev¡hat eccentuated
pattern compared to the unused tubing. Small pits are
also visibl.e on the ridges (x 10).

Silico¡re tubing after 20 hours of pumping. The ridges
are broade¡' and the groovcs narcol'rer, suggesting a
cornpressive effect. I',1ore pits on the ridges are eviclent
(x l-o).
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(Leong et a1 , 1.975). Three areas were sampl-ed frorn each of the
unused, five-hour and 2O-hour tubing. Each sample consisted of
a 1 cm length of a longitudinal half of the tubing. They were

rnounted on SEI'I stubs v¡ith their internal surface uppermost and

coated with a l-O nm layer of gold-palladiu¡r and examined in a

JEOL model JSII-T2O scanning electron microscope.

The reticular recurring pattern of the unused tubiag as revealed

by the dissecting microscope vas confirrned (Figure +1-). After five
hours of pumping there was patchy loss of this intrinsic pattern.
In areas, the surface appeared smoothened-out and prominent super-
ficial splits anrd tears rt¡ere visible (Figure 42) . The flaking
edges of these defects had imegular crinkled outlines very similar
to those of the embolised particles in the liver and other tissues
(Figure l-5). The 2O-hour specimen revealed a general-ised Loss of
the intrinsic irregularity of the tubing. The internal surface u¡as

diffusely snooth ancl showed gentle undulations rvith scatteredr large,
smooth-edgecl, sloping depressions. In addition to occasional splits,
there v¡ere also striking punched-out hol-es and gouged-out cavities
(Figure a3).

Both tubings which had been subjected to pumping shor'red fibrin
and erythroc¡rbes adherent to their internal surfaces. Occasional

patches of the tr-rbing l¡¡ere covered by bacterial grovrbh. Prominent

pièces of solid rnaterial were also seen on the surface but these

may Ìrave been related to dirt and fragments released during the

cutting of the iubing.



Figure 41: Scanning electron micrograph of the internal surface of

a ne!/ silicone tubing' An intrinsic reticular or

baslcet-v,reave pattern is evident (x 1'OO0)'
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Scernning electron r,ricrograph of the internaf v¡all of

tì,e sil-icone tubing after 5 hours of pumping. There is

focal srnoothening-out of the intrinsic basket-weave

pattern and prorninent splits are seen on the surface'

The flaking eclges of these splits sþev¡ an iregular

outl-ine. Ilote tt-re solid debris and fibrin on the surface

(x IOOO).

Figure 42:



Silicone tubing after 20 hours o f use. Besides the

loss of intrinsic Pattern' sPlits and tears are seen

in the generally smooth undulating surface. AIso

present are prorninent holes and gouge

Figure 43:

(x 1oo0).

d-out cavities
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X. DÏSCUSSION

X.a. TFE CFIEITISTRY 0F SILICONE

Pol¡rmeric silicone used for medical- purposes consists
primarily of polydimethylsiloxarre and occasionally polydiphenylsitoxane.
This po1¡rmer is composed of repeating units of

'v¡here R is an organic radical such as CHr. The name rrsiliconerr was

coined at a time v¡hen it vias thought that far-reaching analogies

to the chemistry of carbon could be found in the chemistry of
silicon. The terrn v,ras adopted by analogy with trketonerr,. since the
structural unit of the chain shov¡n above, R2SiO, appeared to coprespond

to a ketone, R^CO. The analogy goes little further than this as
¿

their chemical propertj-es are quite contrasting (llot1, 1968).
rrPolyorganosiloxanetr is a more precise term for these compounds

than I'siliconerr. The name rrsiloxanerr v¡as based on the forrnulation

of Si-O-Si unit as sil--oxane, and this has found general acceptance

in scientific nornenclature (Nott, 1-968). The namerrsiliconerr , hovrever

continues to be vridely used. For reasons of simplicity of speech

it has become r^rell-entrenched and is difficult to abandon.

Si

RR
tt

-o-si-o-
ll
RR

Pol¡rmeric silicone, depending on the

invol-ved and the curing method used,

sol-id or gel. Hov¡ever, there are no

biological- differences betl'¡een these

1eB1 ) .

extent of cross linking
car¡ be manufactured as a f1uid,
essential chemical nor presumably

various physical forms (Arkl-es,
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X.b. EXPER]I,'IEI{TAL TOXTCITY OF S]LICONE

Rees et al- (1967) and Ben-Hur et al (l-967) performed

some of the earlier biological studies on silicone. Subcutaneous

injections of liquid silicone in rats produced a round celÌ infiltrate
composed of lSrmphocytes and macrophages. This mild inflammation

lasted up to six months. At L2 months therewereincreased amounts

of collagen in the area and an occasional lynphocyte and giant ce1l

were found lying adjacent to a silicone-filled cyst. Subcutaneous

aclministr"iion of rnassive amounts of silicone, however, produced a

severe infl-ammatory reaction and adipose cells in the immediate

vicinity shou¡ed varying degrees of atrophy with the c¡rbopl-asm of
these fat ce1ls containing sma11 regular vacuoles of silicone.
l,lacrophages with phagocytosed cofourless silicone fluid were also

observed. I'iassive amounts of subcutaneous silicone also resul-ted

in v,ridespreacl visceral clissemination of the substance (Rees et al ,

l-967). There r,es atrophy of abdominal and epicardial adipose tissue

and many abdor,linal organs including adrenals, fymph nodes, liver,
kidney, spleen, pancreas and overies shol¡ed focal silicone granuloma-

Iike lesions (Ben-Hur et af, l-967). Similar reactions were seen

lvith intraperi-toneal injections of the materiaL.

Ashley et al (1967) reviewed some of the earlier animaf experimentation

v¡ith fluid silicone. OraI ingestion of silicone by rats and humans

vras reported not to procluce any discernible effects. Intravenous

injections of silicone in dogs appea¡ed to simulate intravenous air
injections. Snall- quantities resultecl in systemic distributions
v¡hereas large doses producecl emboli ancl death (Ashley et al-' 1967).

A much smaller dose of silicone proved fatal vrhen injected into the

arteria1 system.

Anclre',,¡ (1-966) shovrecl that clear cytoplasrnic vacuol-es were present

j.n r1eutróphifs a.nd rnononuclear ceLls in the vicinity of subcutaneous
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deposits of fluid silicone. According to him, these circulating
cell-s could phagocytose silicone fluid. Rees et aI (l-967) have

also observed similar vacuoles in leukocytes taken from the

peripheral blood of mj-ce and baboons after subcutaneous and intra-
peritoneal injections of silícone. They also noted a similar finding
in the red blood celLs of rats arrd suggested that sitícöne fluid
may have some effect on the haemopoietic system.

Reports of malignancy in mice following cutaneous administration

of silicone (Ben-Hur &Neuman, l-963; 1-965) have been attributed to

the high incidence of spontaneous adenocarcinoma in these anima1s

(Grasso et af, 1964). A definite relationship between carcinogenesis

or sarcogenesis and the administration of silicone fluid has not

been demonstrated (nees et aI, L97O).

x.c I'{EDICAL USAGE OF SILICONE

Fer'¡ chemical compounds are capable of so many widespread

applications as the silicones. They are used in engineering in
the construction of machines and apparatus as well as for electrical
insul-ation. Sil-icone oils and greases serve as heat-transfer
media and as lubricants. Silicones also play the part of auxiliary
in various branches of inclustry. As lacquers they are used for the

surface protection of metals, as mold-release agents in the rubber

and plastics industry, as water repellents in the textile Índustry;

in the protection of masonry, in the glass industry, and their
defoaming properties are empJ-oyed in the manufacture of various

paints.

Their stability and physiological inertness have resulted in
extensive applications in medicine, phanmacy and cosmetics. Because

of their hydrophobic properties silicone oils are added to agents
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for skin care, nail- varnishes, lipsticks, anti-sunburn preparations

and even to toothpastes, performing in each case, the function
of a rvater-repellent agent (Nol1, l-968). Many dermatologically
active materials can be incorporated in silicone-containing
ointment bases to give stable compositions. In the medical- field,
sil-ícone ointments or pastes protect skin endangered by continuous

wetting as in the perineal area of babies, around colostomy openings

and in r¡ounds healing by secondary intention.

Artificial conduits are treated v¡ith silicone to induce flexibility
and l-orv permeability. Artificial arteries, tubes and drains are

nade of silicone rubber and as permanent implants silicone catheters

are said to evoke no tissue response. Blood clotting is retarded

at surfaces of silicone products or on v¡alIs of vessels coated

v¡ith silicone films (Nott, 1-968), hence, silicone rubber tubes

are used for btoocl transfusions, and glass vessels and syringes

are silicone-coated.

Silicone fluid was once used extensively in corrective and cosmetic

surgery but due to disastrous adverse consequences (l'Íurray , Lg67;

Vinnik , L976; Pearl et al , ISTB; I'{cDort¡efl , t97A) its use is nov¡

significantly restricted. Solid el-astomers' on the other hand'

are used extensively as implant materj-al. They are used in ear,

nose, chin and penile prostheses, in orthopaedic implants and as

heart val-ve components, and special invasive tubings. A nev¡er

generation of solid silicone copol¡rmers is currently being used

for contact lenses. Silicone in a ge1 state is rnainly used in
implants such as maflìrnary prostheses and testicul-ar prostheses.

Approximately 75rOOO mammary prostheses and 4rOOO testicular
prostheses are implanted each year in the United States of America,

most of these operations being cosmetic rather than reconstructive
(t¡ishra, L981).
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X.d. CLINICAL CO}IPLICATIOT']S OF SILICONE USAGE

Although the various forms of solid silicones are

considered to be safe because of their excellent haemocompatibilíty,

experimental studies have shov¡n that definite physical changes do

occur as a result of ageing in aII t¡¡pes of inplanted silicone
rubbers (Roggendorf, 1-976). Recent clinical reports confirm that
deterioration and degradation of silicone devices can occur with
loss of material strength and subsequent fracture of the retrieved
impJ-ant. Physiochernical decay of orthopaedic prostheses has been

shor,¡n to produce a giant cell- reaction in the adjacent synovium and

nigration to regional 15nnph nodes has resulted in a granulonatous

response (Aptekar et al- , 1974; Christie et aI, t977; Kircher, 1980).

Despite its relative physiological inertness, there is ampJ-e

erçerirnental as v¡el-I as clinical evidence to show that sil-icone

can evoke a foreign boclSr granulomatous inflammation. The ruel-l-

recognisecl 'rsilicone nastitisrr (S¡rmmers, L968) is the resul-t of
a chronic granuJ-ornatous response to injections of silicone or to

the 'fbfeedtr or leakage from silicone breast implants (SrnaJrel , L9791.

Bergman & van der Ende, l-979). In vítro studies have demonstrated

that exudation of sil-icone can occur through structurally intact

envelopes of gel-filled breast prostheses (nergman & van der Ende,

t_s7e ) .

Silicone is fibrogenic and stimul-ates the formation of a fibrous

capsule around the prosthesis and injection site. Aside from its
presence in pericapsular macrophages, silicone has been identified

in the lynphatic systen draining the implant region as well as

within macrophages and multinucleated giant cells inside capillaries
and snal-l vessels around the implants (Jenny & Srnahel-r l-979). The

nigration to regional lyrph nodes produces a granulomatous lymph-

aclenitis with refractiLe vacuoles in giant cells (Hausner, 1981).
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Facial injections of sil-icone have produced skin discolouration,
induration and subcutaneous nodule formation. Subcutaneous injection
of tire substance r,vitir excessive force has produced blindness (Ashley

et al, 1967), Illicit injections of sil-icone fl-uid for breast

augnientation has resulted in an acute febrile illness v¡hich on

occasions has been fatal (Sol-omons & Jones, 1-975; Ellenbogen et al,

1,975; Cell-i et al , Lg78). Elleni:ogen et al (1975) reported four
patients r¡ho devel-oped adverse reactions to subcutaneous injections
of silicone. A granulomatous hepatitis ',vas found in three cases

and this !¡as associated v¿ith raised fevels of glutanic pyruvic

transaminase, glutamic oxaloacetlc transaninase, lactic dehydrogenase

and alkatine phosphalase in the blood of tl,ro patients. These enzJ¡tnes

v¡ere narginally el-evated in the third v¡hile the fourth patient

clied a suCden cleath with evidence of widespread dissernination of

sil-icone in many organs. Another report describes a,case uhere

bilateral- implants resultecl in high fever, diffuse arthritis, renal

failure and bilateral pulnonary infil-trates (Uretsliy et'al-, l-979).

Dramatic inprovement occurred r,v:ith removal of the prostheses and

sil-icone v¡as identifieo in the blood, urine and sputum.

Silicone rubber v,ras extensively used in the manufacture of cardiac

prostheses before degeneration of the sil-icone ball- (¡atr variance)

became recognised as a conmon cause of l-ate fail-ure of the bal-l-

val-ve prosthesis. I,lany reports described the degeneration and

fracture of these silicone rubber ball-s vdth mj-gration of nacro-

scopic ball fragments into the aorta and targe vessels (Roberts

& l,Íorrornr, 1968; Har¡eed et al , 1968; Cohen et al , L968; Fiegenberg

et al , 1969). I'licroscopic granulomata rvere found commonl-y in the

Iiver and spleen and afso j-n the rest of the mononucfear phagocytic

systenr (Ridolfi & Llu'cchins, 1974). Proninent refractil-e particles

l,/ere seen eng,ulfecl by nacrophages ancl giant cel-ls. A postmortern

liver biopsy stucly v,ras performed on three patients with aortic ball-

variance who shov¡ecl disseninatecl poppet naterial- in the 1iver,
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spleen andrto a lesser extentrin the rernaining mononuclear

phagocytic systern (Ridorfi & Hutchins, ]-9T4). Five per cutaneous

needle biopsies vrere performed on each cadaver and the specimens

obtained v¡ene routinely processed and serial sections were

examined by J-ight microscopy. Granulomas containing refractile
particles v¡ere readily identified in the portal triads and hepatic
sinusoids in all- biopsies. The ability to detect poppet materiaL
in l-iver biopsy specimens in the face of the diagnostic difficulties
encountered in patients with ball variance prompted these authors
to make tlie interesting suggestion that liver biopsy may be the
best means availabfe to detect prosthetic val-ve ball varíance.

Another area of cardiac surgery where síl-icone is employed is in
the bubble o:(ygenator of the cardiac b¡pass rnachine. The anti-feq¡¡1¡g
properties of sil-icone are utilised in a de-foaming charnber so that
gas embolisn does not occur. Fric}¡ et aI (L974) reported that
in 40% of the patients r,¡ho died after e:<tracorporeal ci:rculation
organ embol-i of the anti-foarning material- coul-d be demonstra'bed.

They r,.rere abl-e to shovr by SEI.I that particles of silicone coul-d be

disJ-odged by streaming of bl-ood in the chamber, these ernboLi

being caried into the capillaries of the brain and kidney r^rhere

they produced infarcts.

X.e. THE PATFIOLOG.Y 0F SILICONE IJIGRATIOI'{ fu FIAEI'TODIALYSIS PATIE}ITS

Despite its rel-ative physiologic inertness, there is
ample e:çerimental- evi-dence to show that si.l-icone can stimulate
a r,liLd infl-a¡nrnatory response which persists up to six months.

After 12 months a fel,¿ lyrnphocytes and gi-ant ce1ls remain around a

thicl', fibrous capsule ruhich forrns aroun¿ the subcutaneous deposit

of silicone (Rees et al , 1,967). The fibrogenic and inflanr,ratory

properties of sil-icone are sinilarly demonstrated in humans where
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a dense fibrous capsule and granul-omatous infl-amrnation is seen around

deposits of silicone fl-uid or silicone gel. Experimental tlork

has shown the production of contractile fibrobl-asts, l,,no.rrn as

myofibroblasts, around silicone ir,rplants (Rudolph et af , L978;

Rudolph & Abraham, 1980). l,lyofibroblasts have specific life cycles

and occur during the ac-tive phase of wound healingr orr in this
instance, active infl-arnnation. Their absence in the liver and spleens

e>rar¡ined v¡as not unexl:ected as the tissues exarnined in the electron

nrj-croscope mos'cly showed quiescent reactlve processes.

I'ficroenbolism of sil-icone from solids as in cardiac prosthesis

ball va-riance or from ffuicl as in breast augurentation procedures

is associatecl v¡ith disseminatecl granulomata. A report of patients

v¡ith silicone granul-ornatous hepatitis and increased level-s of líver

enzi¡riìes Irrovides cl-efinite evidence that silicone-induced infl-ammation

can procluce hepatocelfufar darnage (Ellenbogen et al, 1975). In this
stucJy 17 biopsy cases and l-O autopsy cases (3 having had previous

biopsies) shor,red hepatic silicone and raised levels of serum AST.

A total of l-1- patients had chronic hepatitis. Arnong the cases

of chronic hepatitis only one hacl HBsAg (Siopsy Case 7) and anotl:er

tv¡o shor,¡ed raiseci titres to cytomegalovirus (eiopsy Case 11 & 15).

Tt is possible that the rernaining I cases of chronic hepatitis

v¡ith no recognised aetiology may be associated r,'¡ith non-A non-B

hepatitis virusesi holvever, the presence of intrahepatic cieposits

of silicone, a proven fibrogenic and inftanr,ratory agent, must nake

it a possible prirnary aetiologic factor. The conta¡ninant vras morphologically

intirnatel-y relatecl to the reactive process and a positive statistical

correlation cou]d be dernonstrated betv¡een silicone and the severity

of fibrosis and betr,¡een silicone and the grade of infla¡nmation.

It is possible that silicone ma)¡ also play a synergistic role in

prolonging liver clisease j-nitiated by other causes. The deposition

of siliconerhovrever, vras not invariably associated rvith raised levels

of serum AST anci eight out of tlne 22 autopsy cases showed nonnal

Jeve1s of the enzlrnes.
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The presence of silicone in the liver was associated with increased

fibrous tissue in all instances and chronic inflammation was present

in most. The reportecl exar,rples of a systernic response to silicone

implants ìvith fever, arthritis and an adult respiratory distress

syndrome raises the possibility of an atlergic reaction. Examination

of sequentially obtained fiver tissues from our patients confirmed

that silicone ancl hepatic abnorrnal-ities were not present before the

onse¡ of haemoclialysis. Definitive concfusions about the progressive

nature of the hepatic abnormalities cannot be made. It is an overall-

impression that fibrosis is progressive with accumulation of silicone;

hov/ever, inflammation is prol.ably not a- progressive feature of the

reaction to silicone. The initial deposition of silicone is associated

v,rith var¡'ing degrees of inflamnation rvhich tends to subside as

fibrosis isolates the foreign material. . It is suggested that this

phasíc infl-a¡nmatory response may be reflected by fLuctuations in

tlte serurc AST l-eve1s. The pheno:-nenon of initial inffammation fofforr¡ed

by progressive fibrogenesis is seen in some infective situations

such as inffannatory ancl Ê:ranuLomatous mecliastinitis. In this

cond.i,cion the fibrosis is exuberant in comparison to the inflammation

and granulona formation l¡hich frequently tend to be overlooked

(Schorvengerclt e.b al, 1969; Leong, 1-978). This h¡pothesis is not

in contracliction to aninal experirnents which sholü an initial

inflammatory response that subsides as a fibrous capsule is formed

arouncl the deposit of sil-icone (Rees et al , 1967).

The presence of sil-icone particles r,rithin intravascular giant cells

in tl-re lung suggests that the circulating contaminant is phagocytosed

by macrophages ancl stored in the mononucfear phagocytic system.

At present there is no ,avaifable inforrnation to inditate if sil-icone

is at al_I catabolised ancl excretec. The large clumps and flakes

oJ' the nateriat seen distenciing congested hepatic sinusoids and

puln'ìonary vessels raised the possibility of mechanical obstruction

of circufatory, renal and other vital organ systens. Careful
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examination of these organs, however, did not produce evidence

to substantiate this suspicion. Indeed, ul-trastructural exarnination

of three rena-l biopsies from patients with intrahepatic deposits
of silicone did not shor,rr evidence of the materíal- in the glomeruli.

The observation of silicone pariicles in fat vacuoles in macrophages

in so¡¡e of our cases requires some comrnent. Fat cells arouncl

sificone cysts have been observed to be shrunken vdth varying

degrees of atrophy. Small intracellular vacuoles of silicone have

also been noted ín these adipose ce11s. Rees et al (l-967) considered

the striking s5rsf,qmic reaction of adipose tissue to massive subcuta¡reous

or intraperitoneal- doses of silicone fluid but coul-d not provide a

satisfactory e;<planation.

In viev¡ of reports of foreign-body-induced sarcomas in anirnafs

(Brand et al-, 1,977 ), the question of carcinogenesis at irnplantation

sites has frequen-bly been raised. A recent revierv by Brand and

Brand (19e0) concludes that although a risk may exist, the actual

incidence of cancer at implantation sites will remain 1ov¡.

Significant amounts of silicone lrere deposited in the spleen,

J-yliph node ancl. bone marror'¡ bt-tt depression of erythropoiesis and

imrnune function by renal failure made it difficult to identify any

functional- effects that silicone nay have had in these organ s)¡stems.

Bommer & Ritz (1981) impll' that pancytopenia may result from splenic

sequestration as a conseqLtence of splenomegaly \vith silicone
inclusions.

X.f. SEOUEL TO TI{E IDENTIFICATIOI{ OF SILICOI{E.TNDUCED

CI.ROIITC TEPATITIS

Since the substitution of the silicone tubing v¡ith PVC

at the Queen ELizabeth llospital, Iiver samples (t U:-opsy and 4
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autopsy cases) from five patients l¡ho had been dialysed for up

to l-2 months vrith only the neru PVC tubings v/ere exarnined. None

shorved si]icone in the liver or other tissues.

The author has had the opportunity of seeing in consultation liver
tissues from tr,¡o patients dialysed for varying periods v¡ith silicone
tubings at the Royal Adelaide Hospital. In both cases silicone
particles v¡ere found. One of these cases carne to autopsy at the
fnstitute of l,ledical and Veterinary Sci-ence after a total- of 1,4

months of haemodialysis. Silicone tras found in the lj-ver, spleen

and J-ung sections kindly macle avail-able for examination. Atomic

absorption spectrometry analysis also shorved detectable levels of poly-
dinethylsil-oxane j-n these tissues. One patient dialysecl in Victoria
for l-0 months and another in Canberra for 11 months came to
autopsy at the Queen Elizabeth Hospital. Both cases shov¡ed

silicone in tlre liver.

During a recent visit to Sydney Hospital the author examined the
autopsy tissues frorrt three patients v¡ho had been haemodialysed

lyith the silicone tubing. All- cases revealed the presence of
siLicone in their tissues (Figure 44). A fourtl-r patient v¡ho had

received only peritoneaL dialysis did not shou¡ the material-.

X. e. COI{CLUSIONS

I.{echanical stresses imposed on the silicone tubing
b.y the roller pump can frequently produce fragmentation from its
inner r,'¡all-s during normal- use. The embolisation of this characteristic
refractil-e, non-birefringent material produces vridespread dissemin-

ation in the mononucl-ear phagocytic systern. This nev¡ly recognised

iatrogenic disorder may be a potential cause of chronic hepatic Cysfunction

in the renal- patient. fts presence in the liver may produce a marked

granuJ-omatous hepatitis which can be associated with prolonged

elevations of serum aspartic transaninase Level-s. The anount of
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Photornicrograph of liver showing marl<ed granuloma

fornation v¡ith refractife particles of silicone in

phagocytic cells. Colourecl photograph shorvs brightly

contrast nega-bive material- in the splenic r'vhite pulp

r,/hen vievecl in phase contrast microscopy' 67 year old'

rnale, dialysed at Sydney Flospital for 77 months (x 400)'
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silicone accumul-ated in the liver appears to parallel- the duration
of e:çosure and its presence is invariabl-y associated with
morphologic abnormality. Because of its non-occluding properties,
sil-icone tubing is widely used in the rol1er pump segrnent of the
haemodialysis machine. Spallation from these tubings is not the

result of defective regional products as confirmed by subsequent

reports from other countries and the observation of cases dÍal-ysed

in other Australian hospitals. In vitro testing confirmed that
spallation occurs from the silicone tubing under conditions

sinulating nornal usage. It is strongly urged that this source

of particulate conta¡nination with its potential hazards be

i¡rnediately replaced.
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SUPPLEIWNTARY REPORT

The specimen from Ingenito A2T6/79 along with an H&E stained slide was
received and the tissue processed for both conventj-onal TEM as well as for
Xrray microanalysis. For Xrray microanalysis several pieces were processed
without any osmium postfixation so as not to remove or alter any of the
deposits seen in the H&E slide.

Light microscopy of toluidine blue sections showed segments of lobules
interspersed u'ith fibrosis and infiltration of portal ar€as with macrophages
many of which :lere laden with refractile material. The granules were quite
frequently seen lying in the cytoplasm of these macrophages.

At TEM level the granules were quite apparent in the macrophage cytoplasm and
consisted essentially of rather arnorphous looking electron opaque material.
However. u¡ithin thi-s amorphous matrix there were accumulation of spherical
particulate materials as can be seen in Neg. 12664. Such dense particles were
also seen in the intercellul-ar areas and in the fibrosed regions. Some of the
granules were also completely fiIled with this dense material and lacked the
granular amorphous matrix. Xtray microanalysis of the unstained non osmiated
rnaterial showed up the granules to consist essentially of silicon. F\:rther
detailed analysis will be made to study wtrether the silicon is present in
combination with any other metal-. But even if it is associated with any other
metal it is there in very low quantity. It is however interesting to note that
the backgrrcund, from an area outside the cell also showed very slight traces
of silicon which suggests the acculrulation of silicon in the liver in rather
large amor.mts. t Jt.

COMMENT:

From experience with Xrray microanalysis of other human liver tissues and other
tissues accumulation of such high amor¡rt of silicon in the macrophages seems
very unusual. The nature of the silicon deposits is not like silicon.dioxide
which rnûren seen in lungs or elseuù¡ere has a needle-like configuration. It
thus seems that the silicon j-s present in a fonn other than as silicon dioxide.
Fwther studies will have to be made to fi-nd out more about the way the naterj-al
has been accumulated.

Following my telephonic conversation with Dr Leong Ít came to light that silicon
in an oily base is used extensively in the dialysis machines. The obvious
inference that can be made as to the accunulation of the silicon in the liver
is that it has con¡e from the lubricant.
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Althougþ this cannot be stated with certainty without undertaking specific
examination of the lubricant and other cases with similar liver dysfunction
after long terrn dialysis.

The E.M. findings thus throw a nevr light into these accumulations in the Liver
and emphasizes the need for further studies.

T56000:E50940 - Liver:Silicon

JEOL 212664
x133-X139

1 1 .4.80 TAPE}] M MUTGTERJEE

cc DR A LEONG
Queen El-izabeth Hospital

PROFESSOR B VERNON-ROBERTS

D.lc ol R"cc¡plSGr D¡t" ol Blrlh unll Rccord Wlrd

Doclo t

P!t¡ent N!mc

I
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TISSUE PATHOLOGY DIVISION r.tcarlms: MEovEr, Adctlrdc tatext az64t rcrrphonâ, r.M.v.s, (oE) 22a Tsrr

IUSTRALIA ELECTRON MICROSCOPE UNIT El.ctron Mlcroscopy Enqutri€s, (OS) 228 1522, 22A 752g

Lrborlto?y Num

N0677 9 . 8C

756

Nature ol Speclmen

REPORT: APPEND]X Ia
For both samples r^rith accession numbers of N06TT 9.80 and
N06780.80 $r1th names of K and R respectively.
The sample conslsted of two paraffin blocks along ürith
appropri-ate H&E stained slides. The areas marked on the slides
vüere enucl-eated and deparaffinised with xy1o1 and processed wlth aci
without osmium for x-ray microanalysis.

At light microscopy examlnation of toluidine blue sections showed
some crystalline material apparent in the portal tract regions.
These were not refractile with polarising 1ight.

q

Electron microscopical examination aL TEM leveI faÍled to
reveal- any of the mi-crocrystai-1ine material- seen in light mict oscopy.
Instead there l^Iere cytoplasmic dense bodies. These dense bodies Ias well as all other areas 1n the sections which could be construed I

to have a crystalline appearance were subjected to extensive x-ray
microprobe analysis.

No specific peaks were detectable in any of the samples I

Comment:
Previous experience with I has shown that the accumulations
of partÍculate material vüere electron opaque in tissue unfixed
in osmium tetroxide. None of the liver showed anything remotely
suggestive of the parti-culate material- seen in I
Thus, it 1s not surprising that no significant peaks were
in these two cases. It may be that the material in this
is organic or whatever inorgani-c element was present had
extracted during the preparatory procedure thus precludin
possibility of an effective analysis.

obs erved
ins tance
been
g the

Unfortun
which it
this pos
I

T56000:M09010
Tissue unsatisfactory for proper EDX assessment,

31 .T .80 : MR

CC: DR A LEONG
THE OUEEN ELIZABETH HOSP]TAL
VüOODVÏLLE SA 501 1

ate
is

sib
is

Iy fresh tissue is always better for analysis work,
admitted, is not possible in this i-nstance. However,

ility should be borne in mind during future samplings.
being persued further as per request.

Dltc ot Rrccipt

2.7 .80

Sex D.tG ot Blrth Untt nccord WrrdPrtlênt N!me

Doctor

K

loM-toJt )$6t o
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APPENDIX Ta
See report I,Ì0677 9.80.
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Doctol

Prtlent Nðmê

lì

l0M-10.7E KS6t O



APPENDIX Ib
t-1 5.'

UNIVERSITY OF SASKATCHEWAN

February 6th .l980

Dr. A. S-Y. Leong,
Staff Pathologist,
The Que.n Ë i i z¡be i;h Hospi tal ,
iiloodvi I I e, South Austral j a 501 I

Dear Dr. Leong, .

The electronmicrographs are not too informative. It is likely
that the 'holes' in the lysosomes within the macrophages (Kupffer
cells) represent the site where the material was depoiìted.

I therefore passed your matenia'l to Dr. Cunnjngham who has
consjderable experience in the fjeld of kidney diseases and djalyjs.
I enclose herewith his report wh'ich I trust wjll be of value to you.

Kind regards.

Yours sincerely,

SÀSKAIOON, CANADA

s7N OWO

FRCP(c).F.N. Ghadial 1y, M.D. ,Ph.D. ,D.Sc.(Lond. )FRC eath. ,
Professor and Joint-Head of Pathology,
Room 42.l6, Health Sciences Building,
University of Saskatchewan,
Saskatoon, Saskatchewan, Canada S7N 0W0



1L6T'NIVERSITY HOSPITAL
Sarkatoon, Sa¡k¡tchcwan.

MEMORANDUM
Ftloo:

AP TY Th

lo:
.ROM:

Dr. F.N.

Dr. T.A.

Ghadially

Cunningham

DATE: February 5, I9B0

FILE NO:

The sections sent to you by Dr. Leong are very
interesting. They show a rathei massive iupffer cèff
and portal zone macrophage accumulation of homogenous
amorphous material. In places this has proceeded to
granuloma formation. f do not recall having seen this
phenomenon, but we are presently engaged in reviewing
some autopsies from known long-term dialysis cases.

It would have been helpful to know whether the
dialysis was hemodialysis or peritoneal dialysis and
whether this amorphous material was to be found in otherparts of the RE system as well. If it were exclusively
hepatic, there would be a strong presumption of a portáI
zone origin for the material. It is possible thatperitoneal dialysis might result in such deposits, though
one would think the lymphatics would be rather heavily
involved as wel1. If hemodialysis has been involved, one
would expect the brunt of the lesion would have been
purmonary but that there wourd certainly be murtisystemic
deposits. rn either case, some phase contrasÈ examinations
of millipore filtrate of the diarysis fruid might well reveal
the source of the material in sufficient quantities to
identify chemically and to etiminate the source. r should
be reructant to consider an endogenous source untir this
had been excl-uded.

T.A. Cunningham, M.B., Ch.B
F.R.C.P. (Ed)

Department of Pathology

TAC/lm
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APPENDIX Ic

Dean Jan,

I ha.,r"' stu<lied tht- sect;ons yorJ scr¡f tnc) f-rnm Aus¡tral ia"
I thínk t;his r,-.+:.er:tilo ni:rt¡¡'i¡¡ is niost nroba!-¡ly tlrorium
clioxici. ({,l'r,.,nn1'-r'¿;çt). ,Ä.- yo¡ knor,,', this h¡rs h'"en r*'ic!"1)¡ usnd
in som.cnuntnic's (G..,.tn,-n¡', Porttrç¡al) êiìr-{ rr-,naing inclofinitel.z
in th.. f issr.¡ne. Th're is ðr rolativ''iy ç'êsy motlrod'bn fr,'sut.e'
o1= fhis : nêclioarr{.o<ìn,rph),, thonium c'mittinç¡ sê!an6l strcngly
íon i zinç¡ a lnha t)írrf- ic I .,s.,

¡_ '.:-:i'i,:; - l;Ìi I :i.. l'':'li,ci,;:ilt.i¡
.: riL' i 'ï5..ú;.r. : : ií1rr;i:¡Uù

L:::1, i). DUiì]1¡l

;' i'.. .,::' i li:, ^ .- r il¡rr'tr;íl:i; 13russ.. i s, Jtrrì., 24, 198n.

LL7.

Pnof^ssÕr J, V. Johannessen,
D^rtar{;mont of Þatho logy,,
T[r" f],rnwpglian Radium Hospit.r!,
0slo 3, Noruray.

in contneclictiorr with th¡
do not think that thpse

tt¡r less tho Frr.sêrrcê of
ma,cl '-i
( sincenoly,

I think this diaqnosis is not
ðsgroçfs a-F ol"t-.{:rcn rnictros(:()D},. I

('afìr.s ð¡.gr stlit.l['l¡' îon puEl icatidn,
th.rr i unt di ox i dr. cnt¡ I r'{ no-t iro çç¡ç¡ 

"
Yo un

I '. ,,

;.t , , -- i': i; i:.:i¡..,':íi I '

,'.::., .ì! .r'l,l:: i-,;l,t ' :, 
(,, 1.-;: i;:,

¡... / '

':I
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Jan \¡'1rcent,c Joba^n¡egge^n, M.D.

De.]:ertnet:t of PathclogY
Tirè il'oll'iegian iìsidj.url liosplt al
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APPENDIX Id

a tc Ir0niï"qY

Dea¡ ,Tan,

i have ïeceived Htth tirallkc yoirr lettcr of L8th Juc.e
toge'bi:.r:i: wí-*hI tbe cc)Fy af iJxr ii. S*Y Treongt-Íl lette.:r
señt floi: )o1ro Fur:theirít.re, T h.ave ii{)t the fcu:: sec--
iju^e.¡, ntained tr,l licarne'uûTJLill eOÊj,D, as weli as th*
e j.x ij;i! psper 1:icturer,:.

Thank i'ott for tþn hont¡u¡¿Lle lnvÍtation to surrrcsrLzo
Bti' ¡eruìltiln on tht: ica'be¡'iaJ.. I bave rriud"i.ed te.Teful"Iy
tÉie: Eú:c-;. J.6¡re e.r)cl the i;lrl pictu.TGE o In accorCarrce I'vlth.
cl:il" [,c,c.¡-r¡';'r.J CeucrÍ.piion there is reelly in tJ:.e.Iivert
i-n i;!ir: l:isbic'c:y'ie.¡:r of thrr portal tr'act TexÏactile non-
-bire f:,:irrgerr't iIätci:iaJ. ttr nc f or¡nd e sorlou-rrdEd Ï:y ln-
fi.er¡,'l¡r,tr.'l:j'IeS.c'b:iort, 1n $orito placÇ3 by St.antllo.t¡'ato'.:a
Iêspr6¡¡¡,,e. In the: ËOet-nC,Itea mate-illa1, in the ftê.CT()*
pbnþe * of tlie spl.een th.ic ncrter:la1 r:¿-¡Jì be foulici.! eir
v,efio .1ÇÇo-l.,di.ng- to the ¡'lri pic'¡uyea 1t seemÍ ttr¡;t tile
rlatet:1Fl in tirã hÍs'ijiccyterr, IEBcrcJlhåges i¡; J"oce'.teci-
r'¡1'Lhri-l:r eïTt'erilcl.y J-arge êecondai.'.y .lyeoscrteB IJ'e-f ¡1i.tt¿
into eech otlierì Îìre-etta.rrge na{erial IEt to be seoil
1n ihc fo::¡¡ c¡f eJ.ectro.nlucent aÍeP,ã of varioL\13 shtllie
or: itr tlie: fc,rm of vacuoluä¡e whlch ls so:lfoundeé by

€iyë;.iru]-û1i." elect"Tort Cenrie i.n- some pJ.ûceÊ. Eeeir¡g tþe
õlidr.,* and r;he illri pictureõ and i-ll tl.re ¿]yJareJ'issi+ of
t¡e arranrieerll=, t hnîe thought tlla'i: tlre ¡rate¡ie'1 l'n
que;ticn l.s or1¡;l,.iiateci f¡õn the f j-l-i;ers appli:ci- ín,
Ëu."nãj-at..lroÍtro Ï heoe .r-'ealizei 'blrc l¡ase naterial of
ther:e f literq¡ ir: ti¡e co callert cupi:opha.rle. Ii.l'ter fl'ug*
Ei?nts ¡ceci.t¡ f¡arn cu¡:ropltane weye s'tud j,ed by pola.r j -
Estion nir:.r.ôÊeopyr"'t'ui it pi:ovcd 'bo be blrcíir'ín8:ent,
1n colltrtitl; io ifuA rqatet'j-aI fou¡rct irl lreor-r¿:;:a ijlj-cj.t'¡'
Ïìoivevet, the possibitlty is a"ríserr tirat th.e cuprephane
ir, ,r,he òrganlr:u 1s e):poned to modlficeil-ott, pçrjiapfr
itc tij.:r,c:t¡-in¡ent j.r: Iôst. lt Êeûar; to be ulrl:ì.ì:.cly"
1.ü ls fir.¡ rÌ.c'r,it ü n f o: ti:.e iden';iÎíCgtion of i h¡-r Ðiiìi€-
t.i"¿il.rn che,.rec:tá-.i.1¡ti.e¡; tI:e; ¡¡O¡.¡'t app::opriettr v'eiirid. be
tllc, el.ect¡oJu,-lrro'be üicI,oaneIysi s" if C¡. ieo¡i¡-i v¡ll1
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Bupply us vùith the prope¡ material we will be gLad
to csrly out electronprobe .oicroanalysis. I tae cor-
eldering to ¡ubb off oÄe part of one of the sectior-,e
etal.ned-by haematoxyJ"ln eoeÍn in orCer to be the eì"rl¡-
ject tr: electronproke enalysie o but f have not been
äuthorlzed. to usé any f¡om the nsbe¡1al fo¡ lnveeti-
gation. It vrculcl be aleo i,npor'tent to know if the
þatient wafr ctrug-ad.úlctu becauee as it 1s known,-by d.rirg-erdriicts talc uay get intg vsseular syetem
aL¿ cleposlted. In the tissuee" Othe¡wloe¡ it 1s rsally
etratting hovl sevete g1'Ê.rtuLonatcu,q ínfla¡rnatlon ap.d
xeorganlsation occur in the llver a8 tbe effect of
thle-neiterlal. Tire discloÊlr.re of li;s nature 1s of
prlme oanitary j.rnporbatluë" It :ilt Írnportants- ?s wellt
to nalce this Þhenomenc.tr j.n a wid.e etrcle of d.erto:"s
knovtn., hence -T euggest it f or publicatJ-on in tne
jclu.rnàI Ult¡ast¡¿ctr;.ral iiatirology, even lf lte ¡ìatrre
1e not previously cleatc,d,o

Dncloeed I ¡etu¡n to a;otl. wi-th thaniis tbe naterial
maCe for me svallable'
ÌTitb the beet wishes ancl- kindest regard.o.

SincerelY Jr cur8,

/D'¡ " f,up



], INSTITUTE OF PATHOLOGY AND
EXPERIHENÍAL CANCER RESEARCH

SEM}4ELWEIS Ì.IEDICAL UNIVERSITY

ludepüt Ylll., 0llôl úr 2a.
Trl.: l!8-6ó9
HUNGARY

l0t5

r. rNsTtTuT FoR PATH. ANATOI.IIE UND 12o.
EXPERIMENTELLE KREBSFORSCHUNG DER

SEMMELWEIS I.IEDIZINISCHEN UNIVERSITAT

ludrpcst vlll. . üllõl úG 26.
Tcl.: llt-669

UNGARN
t085

Director: P¡ot. Dr. KAAOLY LAPIS

Anthony S-Y L,eOng
MBBS , FRC PA , trOAP, ìm,C PATH
Senior Coneultant Pathologiet
The Queen Elizabeth Hoepital
lflood.vllle, South Australia 5011
Hietopatholog.y Dep artnent

Dear Dr. l,eong ¡

Bud¡pst, 5.t h....ü-çBt¡.*ry. ¡...L 9.9 r .

APPENDIX Ie

Thank you for your kÍntl letter of Novenber 8, 1980. I alao
received. your letter of Auguet 19th together with the sentnaterial. Unfortunately at that tÍme our nlcroprobe enalyeer
wag out of functlon, this ie what caueed the clèIa.y.
Ag ca¡ be Been fron the encloeed. d,iagnoeie¡ we rere unabreto ilenonstrate the preeence of any fõreign-materlal in the
eamples.
bìrcloeed. r am eend.ing electronuÍcroscoplc pfctures, too,
¡vhich.Ierg 

- 
plgpared from pnnposely thióker- gections. Thè.y

ehow the fielde where the etud.ieg were carried, out wlth ttlenicronnalyeer.

É

Thank .you fo
interesting
solvi-ng the
etud.iee, 1t
nature.

r your kind confid,ence and the eead.ing of the
caee. I em Borr.y we were unabl,e to help in
problem. Às ehown by your Bass chromatõgraphyie probable that the naterial ie of ch1õrfäe-

Please allow ne to wieh .you a Happ.y New year,

Vfith kind,est regard.s,
Sincerely yours,

Encloeure
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Mate¡ia1e and Uethods: APPENDIX Ie

I.,iver Bpeci¡nen !to. ! I6059: embeding i-n Durcupan

fixation | 216 Glutareldehyde

+4% formaline

z% oe}4

contrast: U + Pb

Thickness of eection 15OO 2OOO .8 / 50 I /vapoured with ca¡bon,/

'Apparet us: JEOI, JEM-I00 C scanning tranemission elect¡onmicroscope
combined with ORTEO 6230-type microa naryzator

/¡CS sY -qten,/

Copies of photogrephs: No. I479jZ 147942 /tl copies/
Coples of X-raye: lîo. 72 T7 /6 copj.es/

The spectrums analyeed from the sections only contain the
0e; U and Pb spectri:ms of the fixative an,l contraeting materials
besj-des the Êup.Dorting grid.
The pre-cuned C1 ehould have been demonstrable at the light /pa¡e
1ine, where it couLd not be cenonstrated eignlficently.

Budape-.t, 19S0. dec. ZZ,



The Australian
neral Development

Laboratories

rgton Street, Frewville,
South Australia 5063

rone Adelaide 79 1662
Telex AA 82520

Please address all
correspondence to

O. Box 114 Eastwood
sA 5063

ln reply quote:

Plant: Osman Place
Thebarton S.A ,

Telephone 43 8053
lranch Laboratories:

Perth W.A.
Telephone 325 7311

Melbourne Vic,
Telephone 645 3099

1,22.

24 April 1981

cs 4/0/o

Queen ElizabeÈh HospÍtal,
HisÈo-Pathology Department,
i,loodville Road,
I,JOODVTLLE, SA 5011.

Attention: Dr A. Leong

YOUR REFERXNCE:

}ÍATERIAL:

IDENTIFICATION:

DATE RXCEIVED:

I^IORK REQUTRED:

REPORT CS 4864/8L

AIIDEL Service ülork ApplÍcati_on forn dated
3 April 1981

Three blocks wlth embedded liver tíssue

F33061e rat, 275809 J ; and 19879b I

3 April 1981

DeteminatÍon of sílicon contents

APPENDIX IIo

for Norton Jackson
Managing Director

Investigation and Report by: peter Schultz

Manager, Geological Services DivÍsion: Dr KeiÈh J. Henley

jð /L
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APPENDTX TIa
EI,ECTRON MICROPROBE AITALYSIS OF LIVER TISST]E

1. INTRODUCTION

Three blocks with enbedded llver tissue, marked F33061e rat, 275809 Jeffrles
and l-9879b Ingenlto, were recelved for electron mlcroprobe analysls of the liver
ti,ssue for the presence of silicon.

The rat liver was knorrn to contain sill.con, whlle the trro human livers were
suspected to contaln s1l1con 1n subrnicron-slzed partfcles.

2. EXPERIMENTAL PROCEDURE

The three blocks containing the livers were cut down to a height of under
7 "'m and carbon coated to make then electrlcally conductive. The llvers r¡ere
Èhen an¿rlysed using a 1ow lntensity beam to minj-mlse sample damage.

3. RESI]LTS

The ratrs Ii-ver showed hígh concei¡trations of sillcon in a nr¡mber of areas,
while the h rman livers showe,d sone sillcon concentration in several tÍny spots.
The particles containing the silicon were too small to be resolved rrith the
electron probe.
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neral Development
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rglon Street, Frewville,
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rone Adelaide 79 1662
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Please address all
correspondence to

O. Box 114 Eastwood
sA s063

ln reply quote:

Plant: Osman Place
Thebarton S.A,,

Telephone 43 8053
'ranch Laboratories:

Perth W.A.
Ielephone 325 7311

Melbourne Vic.
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APPENDIX IIb
4 June 1981

cs 4/0/0

Queen Elizabeth Hospital,
Electron Microscope UníÈ,
!'loodville Road,
I^TOODVILLE SA 5011.

Attention: Dr David Gove

YOUR REFERENt,{':

I{ATERIA],:

IDENTIFICATION:

DATE RECEIVED:

I{ORK REQUIRED:

REPORT GS 4864 /81 - ADDENDI]M

Al'fDEL Service l{ork Applicatíon form dated
3 Apríl 1981

Three blocks r¡ith embedded liver tissue

F3306le rat, 275809 J,' ; and 19879b I

3 April 1981

Determination of sílicon contents

Investigatlon and Report by: peter Schultz

Manager, Geological Services Dívision: Dr Keith J. Henley

for NorÈon Jaekson
Managing Dírector

jd /r



APPENDIX I]b 1,R

ELECTRON MICRCJPROBË ANALYSIS OF LII/E R TISSUE

I. INTRODUCTION

The thre-e llvertJ-ssrres,marked F33061e rat, 275809 Jeffries and 19879b
Ingenito, whi.ch were analysed prevlously and reported ln Al'lDltL report
GS 4Bb4/81, dated 24 Apr1l 1981, !ùere re-examlne<l wlth a vlew of obtalnlng
ptrotographs and charts of the sillcon dlstributlon in the lívers.

2, EXPEIìII'ÍENTAI, PROCEDURE

An electron probe of about l- to 2 mlcron diameÈer, generated by an
accel,eratíng voltage of 15 kV and givlng a specimen current of about 15 .nA
was used to obtaln absorbed electron and SlKu images of areas containing
silicon. The rnagniflcatlon used was x1200 givíng images of about L20 x 120 ¡.rm
The exposure timt:s used for the SiKa images r^ras one minute for the rat 1iver, and
f ifteen minrrtes each for Jef fries and T.ngenito livers.

Spectrometer scans were also carried out across the SiKo peaks ín the three
llvers with the beam being stationary on htgh sllicon spots.

3. RESULTS

Scanning the l1ver tissues wlth the electron beam results in some surface
damage so that no too nuch weight should be glverr to the interpr:etatlon of the
scantring electron lmages. The SIKcr lnrages strow genulne hlgh silicon spots,
but the general low level of spots is due to some background radlation gent:ratecl
with the characteristlc SiKq radiation. The negatl-ves obtained are being sent
by separate ma11 together with the samples. The explanaÈÍon of the negatives is
as fc¡1lc¡ws:

12A

13A

74A

15A

16A

17A

- rat (absorbed elecÈron lmage)

- raÈ (SÍKcr )

- Ingenlto (absorbed electron lmage)

- Ingenltcr (SiK¡r )

- Jeffrles (absorbe-d electron inage)

- Jeffries (SiKa)

The spectrometer scans through the SiKo peak were carried out at 1/8 two theÈa
degrees þer minute, with a chart speed of t cm pe.r minute and a counting rate (C.R.)
of 3 x 103 counts per mlnuter and the accompanying tlme constant (T.C.) of 10 seconds
fc¡r the fngenito and Jeffrl.es Llvers whlle for Èhe rat llver the spectrometer raËe
was Jl o/nrinute with a chart- spe:etl of 2 cm/minute, a C.R. of 3 x 104 c.p.m. and T.C. =

2 seconds. It is therefore seeil that the sil-icon concetÌtraÈ1on ln the raÈ liver
is aboul Len tlmes h1¡1her than in thc: twr¡ human livers. The three charts are
enclosecl with the results.
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SCHOOL OF MEDICINE
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cles in liver of dialysis patients. I
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microprobe analysis. I have not observ
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SÀNT]I' EARBANA . SAIYTA CRUZ

LA JOLLA, CALIFORNIA 92093

April 30, l98l

Anthony S.Y. Leong, M.D.
Hi stopathoì ogy Department
Queen El Ízabeth Hosp'itaì
Woodvi'11e, Adeì aide
South Austral ia 50.l I

Dear Doctor Leong:

I read with interest the letter in Lancet (April l8) regarding partÍ-
hav

g'l
uld
ed

e had some experience with
ad to analyze the part'icles if

show a peak for silicon with
similar material here exuept in

intravenous drug users (who may be analogous to the diaìysis patients).

Lookjng forward to your repìy. I would need only a paraffin block
for the ana'lysis.

Si ncereì y,

Jerrold Abraham, M.D
Assi stant Professor
Department of Pathology

JLA: bl
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BERKELEY . DA\ IS . IN\'INE . LOS ANCELES . IìIVEhSIDE . SAN DIECO . SAN FRANCISCO SANTA BARBARA . SANTA CRUZ

SCHOOL OF MEDICINE
DEPARTMENT OF PATHOLOGY, M.012

LA JOLLA, CALTFORNIA 92093

June 29, l 98l

Dr. Anthony S-Y Leong
Senior Staff Pathologìst
Queen El izabeth Hospital
tJoodv'ille, S. Australìa 50ll

Re: Your let+.;er of 5/ll and my sampìe # JA 8l-60, 6l , 62 and 63

Dear Dr. Leong:

Thank you so much for sending the tissue samples as well as the segment of silastìc
tubing. I have been able to analyze tlo of the sampìes so far and it has been easy
to demonstrate silìcone'in both sampìes (J - and I ). I am enclosing a
few scanning electron mìcrographs from the latter case, in which it was much eas'ier
to find the material using backscattered electron imaging. It is of interest that in
both cases, in add'ition to the siljcone, there was abundant evidence of endogenous
calcifjcation, w'ith calcjum and phosphorous being detectable in many of the inclusions
wh'ich have a b'lue appearance by hematoxylin and eosin stains. I assume both of these
patients were jn poor balance as far as calcium and phosphorous were concerned.

I thjnk this would be worth writing a foììowup report to The Lancet and with your
permìssjon i would prepare a letter containìng these figures, pìus the other portion
which I hope to have prepared by the next few weeks, nameìy, the portion of the tubìng,
to see ìf similar sized small part'icles of s'ilicone are evjdent on'its surface. If
the small particles are not on the surface, they may be formed by abrasion as the
tubing is connected w'ith other sets of tubìng.

I look forward to hearjng from you. Best regards.

Si ncereìy,

Jerrol d . Abraham, M.D.
Ass'istant Professor
Department of Pathology

JLA: gr

1
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SCHOOL OF MEDICINE
DEPARTMENT OF PATIIOLOGY, M.012

LA JOLLA, CALIFORNIA 92093

Septernber 3, I981

Anthony S.-Y. Leong, M.D.
Queen El jzabeth Hospìtal
l,loodv'ille, S. Australia 50ll

Dear Dr. Leong:

Thank you for your letter of August 25th. I am sorry the original material
had not reached you yet. In case it was sent by surface mail or lost, I am

enclosing a fevl more prints of what I had sent you. Had it reached you as
planned, I had hoped you m'ight be able to include it in your report. I had
hoped to assist you w'ith yourEr,^êport. I do not think it needs to be reported
separately'if you have similar data already. What I may do is request your
permission to use it jn some future series of cases dealing wìth microanalysis
and/or sjlicone in tissues. Please let me know your thoughts about an additional
report dealing with further anaìytìca1 information or whatever. If your analyti-
cal laboratory does not have the capabjlity of baackscattered electron imaging
'it may be that the micrographs I have sent will illustrate the materials in the
sect'ions more clearly and on'ly the secondary electron 'image.

With best regards, I am

Sincereìy,

rrold L. Abra
Assi stant Professor
Department of Pathology

JLA: gr
encl .
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University of Pittsburgh
SCHOOL OF MEDICINË
Department of Medicine
Division of Cardiology April 16,1981

Dr. A. S. Y. Leong
MBBS,.MRC
Path, FRCPA, FCAP
Department of Histopathology
The Queen Elizabeth Hospital
LIoodville, SA. Australia, 500I

Dear Dr. Leong:

Please excuse the lateness of this reply regarding Èhe analysis
of silicone. Listed belov¡ i-s the full address of Skinner and Sher-
man, Ine. r¿ho performed our analyses of såicone. I contacted
Mr. Ralph Berger, the President of Skinner and Sherman on your
behalf to ask hirn about the actual rrethods utilized in analysis.
He stated that some of them are acEually propríetary and probably
can not be shared with you. However, I told him that you would
be wriËing regarding your interest in the subject and he antici-
pated a 1etÈer from you. I should add that, as you know from our
article, we analyzed for the prresence of silicone in sputum, urine,
b1ood, and breast f1uid. The biochemíst at Skinner and Sherman
assured me that these analyses were extremely accuraÈe and was
quite sure that the interpretation hras correct. In my attempË to
geÈ to the bottom of my patientrs problem, I found this laboratory
to be extremely helpful and I hope that your experÍence is similar.
I should add that the analyses \¡re undertook were quite extensive,
ranging in the area of $300-700, dependíng on the particular study.

I hope that this informatíon has been of some help to you.

MosË sínc

132

Barry F. Uretsky, M. D

BFU/efe

Sklnner and Sherman Laboratories
300 Second Avenue
P. O. Box 521
I,Ialtham, MASS 02254 (Telephone: 617-B9O-720O)

CABDIAC DIAGNOSTIC LABORATORIES, 341 1 PRESBYTERIAN UNIVERSITY HOSPITAL
P|ïTSBURGH, PA 15213 (412) 647-3430
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neral Development
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rone Adelaide 79 1662
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Please address all
correspondence to

O. Box 114 Eastwood
sA 5063

ln reply quote:

rt Plant: Osman Place
Thebaricn S.A

Telephone 43 8053
nch Laboralon: Perth
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4/0/0 - Ac 4580/81

22 þrfl 1981

NATA CERTIFICATE

Dr. Anthony Leong,
The Queen Elizabeth Hospital,
IÙOODVILLE S.A. 5O2O

APPENDIX IIC

REPORT AC 4580/81

RequesÈ dated 20 March 1981

As listed

20 March I98l

D.K. Rowley
Manager
Analytical Chemistry Division

YOUR REFERENCE:

IDENTTT'ICATION:

DATE RECEIVED:

ij

for Norton Jackson
Managing Director

e"sl This laboralory rs registered by the Nat¡onal Assoc¡aton of Testrng Aulhorit¡es,
f{{ Austraha. The'testlsireporled'herein have beon perlormed in accõrdance wilh
1-\ì its lerms ol regrstral¡on. Th¡s documenl shall nol be reproduced except in fuì1.
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ANALYSIS

vcl e
(AS RNCEIVED) SILICONE

SAI'{PLE
},1ARK

SILTCONE*

Corr t ro l

J (name de]eted - Al-l-)

1 (nanre deleted - A22)

<10

20

r50

* NOTE: Ther results are chloroform soluble
siiicon exTresscd as dtmethYl
pc;lysiloxane.
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4/0/0 - AC 5200/87

76 Septenber L98J.

NATA CERTIFICATE

Dr. T. Iæong,
Queen E l- i zabeth Hospita)
VIæDVTLLE S.A. 507J.

YOUR REEERENCE:

TÐENITFTCATTON:

DATE RECETWD!

rJ
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Request dated 27 ApriT J981

As Listed

27 ApriT J987

D.K. RowTeg
Manager
AnalgticaT Chemis trg Divisi on

for Notton Jackson
ltanaging Ði¡ector

tr;ï Thrs taboratorv rs rrjorsrere.i [,! thc Natronai Assoctatron of Teslng Aulhonlres
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¡'åSS SPECIBOI"ETRY RESULTS ON SELECTED SATTPLES

The bl-ood samples were unsuitable for mass spectrometrg.
Both tlte sjJastic tubing and the fiver sample marked
"ingenitot' vtere suitable. However no mass spectrum of
siLicone poTgner coul-d be obtained due to its hìgh
moLecuTar weight. ConsequentTg Ël¡e mass spectrums'
nejthei prove or disprove that tåe sjLicone found in the
l-iver is tåe same poTgmer as that .found jn tl¡e sj-?.astjc
tubing.

A sma77 amount of pTasticizer was found in the si-Zastic
tubing but not jn tåe 7íver, tåis js most TikeJg due to
contamination ( from poTgthene packing) because pTasticizer
is not generaTTg found jn sjJastic tube.

?Ì¡e rnass spectrums were obtaíned from Êl¡e same chl-oroform
exttact used foz quantitative silicone anafgsis-

a
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L37.

ANALYSTS

Vg/S (as received) sil-Ícone

SAT4PLE
MARK

ORGAN STLTCONE

vs/s
SlLTCONE

rsr/7

NAT'18

r (Al_6 )

T.

T.

T

T

(A21)

(cr 
1

(A20 )

(c2)
(c3 )

(A1)

(Ar_o)

(A4)

(A22)

BJ-ood

BLood

BTod

Liver
SpTeen

Lung

LCntph lvode FaË

Lumph Node Meat

Liver
Liver
Liver
SpJeen

Liver
Liver
Liver
Liver
Liver
Liver

20 hrs
48 hrs
96 hrs

V

M,

s.

s

B

N.

B

P.

F

T

15

70

J_5

L5

50

45

<70

30

80

J_5

<f0

20

<L0

75

160

350

800

7100

ALL NA],IES HA\E BEEN DELETED AND SUBSTTTUTED \'JITH CODES

A=Autopsy, C=Contro1s

I
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