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UNUSUAL SPLENOMEGALIC LIVER DISEASE AS

EVIDENCED BY PERITONEOSCOPY AND GUIDED

LIVER BIOPSY AMONG POLYVINYL CHLORIDE
PRODUCTION WORKERS

H.J. Mamsiclier and W. K. Lelbach

Medizinische Universitatskiinil,
D-53 Bonn, Federal Repudlic of Germany

R. Miller and P. Gedigh

Pathologischer Institut dee Universitic Bonn
D-53 Bonn, Federal Repukiic of Gerenny

INTRODUCHION
Economic Consideratiaons, Technoiogy

As early us 18337 and 1838.* respectively, Regnautt in France succeedad in
preparing vinyl chloride (VC) and polyvinyl chloride (PVCy However, the road
1o large-scale production was not opened until vinyl chloride could be synthesized
from acetylene and hydrogen chloride (Klatte und Zucharias. 1912) and or.
ganic peroxides were used for catalyzing VO polymerization (Klatte amt Reliett,
1914).° In 1928, PVC production was started in the United States and in 1933
in Germany.” The enornous growth of VC and PV production capacitios over
the past 45 years ran parallel 10 the rising cconor:ic importance of plastic
materials®™ (Tawp 1) .

PVC-producing industries in West Germuny increased their production,
p:::llcl to the development in the United States (Tame 25 at a rate of 10-20
percent per year from 1960 (172,673 tont of PVC) o 1972 (930,701 1ons of
PV¥C and polyvinylidenc chloride).™* Total safes of PVC amounted to 850,140
German marks in 1972.> This cnormous increase in produciion capacity, espe-
cially in flexible PVC (U.S.. 1965: fiexible PN'C, 90 percent: rigid PVC, 10 per-
cens) can be explained by the almost unlimited use that can ke made of PVC
piversification of PVC markets exceeds=that of any other Jurge-volume thermo-

' plastic and is one of the reasons for the increusingly favorabic market situation

(TaLE 3).

Rigid PV'C is.used for wbing and fuiings tinchiding insulation material and
grainage pipes). foils. films, and sheeting (packaging. liniag. recording tapes).
profiles (blinds. window frames), tiles, sound records, and fibers. Flexible PV C
i used for cables, foils (decoration. roof covering). profiles, tubing, artificial
teather, dooring, foam rubber, paing, varnish (lacquer), and toys.™ Thus. indus-
tries that manufasture the end product operate on a much larger scale thun those
roducing the polymer, but the companies are often identical ™ ’

Technologically, vinyl chioride was synthesiced mainly by hydrochlorination
of acetylene, a process which was almost exclusively in operation up 10 1960,
kat in the United States now accounts for only 7 percent of the production.”
vinyl chloride can also be preduced by oxychlorination of ethylene 10 1, 2-di-
chlorocthane which is then erecked to VT and HC! by subscquent pyrolvsis
(now 93 pereent of total production in the United Stxtes in 1972).5*%%" Under
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TaBLE 4

CLINICAL MANIFESTATIONs AND FATALITIES AMONG WORKERS IN VINYL CHLORIDE POLYMERIZATION (PM;
AND Poryvinyl CHLoRIDE ProCEssiNG (’C) (Review OF LITERATURE)

00!

Autbor No. of Workers Actomteo- hi'i{:“d' Skin . Liver Acute Intosication
M I lysis Phenamenca Lesiuns Disturbances (Fatatities)
Dublin :nd Yane (1933, 1941) 2 : Slight intoxication
Tribukh er al. (1949) n - 21 >
Chief Inspector of Factories (1953) 2 Collapse g
Harrix (1953) 1 1 Second-degree burn 2
Devigneviclle and Flucher (1953) —t - —*(?» o>
Parmieggiani and Sassi (1955) 13 —*Q)
Filatova er al. (1957, 1958) - - : Z
Hervicua and Tessicr (1959) 145 2 . . £
Danziger (1950) 3 1 Slight narcosis, 2
fatalitics =~
Suciu er al. (1963, 1967) 168 10 10 518 -8
Filatova et al. (1965) 163 —* »
Pushin (1965) 3503% 1579 3>
Cordice er al. (1966, 123 178 2 2 2 o
<%
Chatelain and Motillon (1967) 441 5 12 ]
Marin er al. (1967) 528 s 12 ] 8
Spain 1 1
hialy 1 1 e
Heomnngredon (1 1] h
Wz e ool (19010 ' tew " 2 ] I
[X11]] Y
Plaseie wind Adtiines o w0y wnn ’ ' ) L1 1
o EYRPI REYT N AT LY U n ) 1
eIt 1 i [} L AT TR
sud Antoasashieabho (191 } “Chronic ocupational pestsomng’*
Pamnan 1 ol (1911 V7N {257 4 2.I|
Kramcr and Mutchler (1972) Y8 Stight**
1.éfevre (1972) 780 19
NMarkowitz er af. (1970) 2 1 2 2
Dugois er al. (1972) 1 1 1 !
Misgeld er al. (1973) 1 1 1 1
4
Total 10,056 2,582 1iIR 47 40 73 5 Acute intoxications
. &6 b x 3 Fatalitics
12.724
o m.mbcr of abnorma! findings not stated.
4 --, number of workers nut stated.
¢ Liver biopsy in 2 cases—diagnosis “‘chroric hepatitis;" splenomegaly in 10 cases. <
§ 350 workers employed in the Swerdlovsk plastics raclor) rumber of PVC workers conlamed therein not stated. B
¢ Liver disturbances in 6.57 percent (23/350) of 350 chemical plant workers, in 15 percent of P'VC workers. @
i Palpable liver and persistently mscd serum bilirubin. Fa_'
** “Some changes in liver function.'’ with statisticaliy significant correlation of BSP retention and exposure. =
<4
2
2
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TABLE §

ViNYL CHLORIDE EXPOSURE IN LARORATORY ANIMALS—ACLYE TOXICITY (Rnxzw m LITERATURE)

201

. Abhrcunnom used: r. uls ;. gumca pngs rb, rabbits; d, dogs; m mxcc \umha.r ol am-n.nls slan.d ls gn:n in p:\rcnthcses

t Number

of animals not stated.

>
2
w
z
Author Species® Concentration (pqwn)  Lengih of Hriwcure Feect Pathalegy 2
Patty ¢t al. (1930) gt 200,000-400,000 **Very short Fatal (lethal range) Lung: edema 6<
time”” Liver: byperemia =
. Kidney: hyperemia r
100,000 30-60 min “Dangerous to life' >
K Sevcral h No severe acute dis- .8
. turbances c.
Schaumann (1934) Starling hearte  250,000-300,000 ? No cardiac failurc S
lung prepara- - =
tion (cat)t
Schaumann (1938) m+rf Slight nar- kS-S d: 1 b Narcosis Liver and kidney: no =X
cosis Jdo4 wk changes »
dt 100,000 3 h/1d during  Narcosis Liver and kidney: no con- O,
. Iwk sideratle changes S
Peoples and Leake mt 245,000 285,000 10 min Fatal (letha! range) o
(193 8s, (1)0 125,000 10 niin Minimal ancstheiic a
range
d + bt 170,000 ? Narcosis “No apparent untoward
eTects even after pro-
lorged ancsthetization’”
Oster o1 al. (1N7) d (6 100,000 ? Scrious cardiac archyih-
(narcosis) mias
Carr e: al. (1949) d ) ? ? Narcosis: sensitiza-
(narcosis) tion of myocardium
Mastromattco er m (S) 100,00 30 min Decp nnrcosu-—ndc Fatal outcome:
al. (1950} r (5) . position with tremors  Lung: vascular engorge-
s (5) ment with hemorrhages
and edema
m (§) 20,000 0 min Deep narcosis (1 Liver: congestion,
r (5) mouse dead) panlyfauymﬁltrano.,(g)
g (5) Kidney: congestion
m (5) 300,000 30 min Dead; g in deep narco- Ciotting defect kg
r (5 sis, | dicd hours after Survivors: e
g (%) eaposure “Little dilference from §
g (5) 400,000 3 min Deep narcosis, 1 dicd control animais (liver, =
during, | alter ex. kidney, spleen, bcrain, I
posure heart, adrenals, lymph I
nodcs, eyes) except for ™~
. pulmonury congestion'® o
Lester ¢: al. (1963) et 50,000 Moderate intoxiantion o
70,000 Righting reflea lost v
100,000 Corneal refllex disap- “No visible gross pathol- O
peared ogy" &
r (B 150,000 . Deep nitrcosis, 1 rat Lung: congestion/cdema g
dicd of respiratory 3
failure a
2,
=
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TasL: 6
Vsl CHLori0E E\losunz IN LABORATORY ANIMALS — Cnuo»u(‘ Tuucn'r (RE\I[\V oF Llrnnuu)

Auchnr

Resgwnse

Patholegy

Torkelson er al.

(1961}

Lester er al.

(1943)

Syeecies® C"‘(';f‘:"“')'i"“ Length of Exposure
r (20} 500 7 hid, § d/wk
for 4.5 mo

r(29) 200 7 hsd, 138-144
g (V) tinies in 204 d
b {3)
d (1)
r (5) 200 4 h/d
r (5} 2 h/d for 6 mo
r (5) 1 and 0.5 h/d for
r (5) 6 mo

100

(same procedure as in 200 ppm)

Normal growth

Normal in appetarance,
mortality, and growth

Normal in appearance,
mortality, and growth
“Entirely normat”

Normal in appearance,
mortality, and growth

Normal in appecarance,
mortality, and growth

Narcosis, 10 rats died,
initial loss of weight,
followed by normal
growth (*‘tolcrance to
the gas™)

tnitial loss of wuight,

followed by normal
growth (‘‘tolerance to
the gas'')

Liver: average weight incrcase, cen-
trolobular granular dq,cncrallon

Kidney: interstitial and tubular
changes
Liver: m:croscowcally normal in

rats, guinca pigs, and dogs; cen-
trolobular granular degencrauoq
in ratbits (together with necrosis
and some foamy vacuolation in
male and necrosis with periportal
cellular  infiltration in  female);
weight increase of rat livers
Liver: average weight increase

Liver: slight increase of average
weight in rats after cxposure 7 h/d,
138-144 times in 204 d and ¢ither 4 of
2 h/d for 6 mo

Normal

Lung: acute focal necrotizing pneu-
monia, cdema, metaplasin

Liver: parasitic cysts, maoderate to
marked swelling of cells, definite
fine to mediurt or large irregular
vacuoles, compression of smusoxds

Spleen: lymnhoc:)nc hy perplasia in-
cluding most of the interstitium

Liver: parasitic cysts, marked swll-
ing of cells, large irregular vacuoles
or clear spaces, cownpression of
sinusoids, changes focal to difTuse

pO!

$HOUDING JO AWopedsy YIOX MON Sleuuy

Viola (1970}

r (38) 50 7 h/d, 130 times

g (29) in 189 d

th (6)

d (2)

r (18) 100,000 8 h/dfor2d
§0,000 8 h/d for 13 d

r (M KUK S h'dfori9d

t (30) 20,0 & hd, 5 dwk

for 3 mo
r (23) 20,000 4 hd, § diwk

for 12 mo

Normal in appearance

Stightly soporific, nor-

mal an appearance and

growth

After 10 mo loss of
weight

1} died from cardiores-
piratory complications,
2 from hcematoperi
toncum

Spleen, k\dn;) no  diferences  be-
tween  control  and  expernmental
animals

Liver: parasitic cysts, moderate to
marked swelling of cells, definite
fine to medium or laree irregular
vacuoles, compression of sinusoids

Splecn: no ditferences between con-
trol and cyperimental aninals

Conclusions:

L. The only finding suggesing a
spucilic toxie activn of VC iy the
increase in liver weight on exposure
to 50,000 ppm for 19 d and to 20,000
ppm over 92 d

2. Morphologicul alterations with.
out pathologic signiticance

Liver: incrcased solume, smooth sur-
l‘ace sometimes submlcnc some.
what mare brittle consistency than
normal

Microscopically:

Alteration  of heparocytes  with
marked cytoplasmic and nuclcar
pol)morphism (torpid degenera-
tion of the cytoplasm 10 necrosis)

Proliferation and hyperiraphy of
Kupffer-cells

Round  cell infiltration of portal
tracts
Minkude  of portal  capillaries,

conteedohlar veins and sinusuaids
Ly numerous cntmll) located
arcas of partial neerasis
Intensive  fibeosclerotie  reaction
along arcas of degenierative prov-
Tty
l‘u:/; (/mug
Kidney: signs  of  tubuloncphrosis
sometimes accoinpanied by chroric
munmml m.nhrm\
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Patholoxy

Arteries: signs of endothelial fibrosis
(with thickening and dissociation of

the clastic membrane), often with
partial hyaline degencration and

Lente

Res

TasLe 6—Continued

b of Esposure

Léo,

trpm)

Concenitalion

Spect

Auther

Ny
Annals New York Academy of Scicnces Marstcller er al.: Splenomcgalic Liver Discasc 107 P
o -t e 3y V. v 4 ~ rm d m
R ;
E me % S .u = b € < .m In December 1972, our colleagues (rom the Department of Dermatology o
» = m‘mlm =8 O M H] m. ‘w W - . alerted us to the possibic occurrence of scrious liver discase in workers of a m
TESTH g Wm © @ " ¢ . § = w g ncacky chemical plant who were cagaged in vinyl chloride palyracrization and &
225 e Homt E .m. s §g.. & 8 & to a smaller degree in processing the polymer 10 the final plastic producty We
mm o mn..m g4 m.m v = P.u €29 £g g _ € started an extensive examination program that included peritoneoscopy and
rwhmm & 0,8% « .m, <8 mu... 8 2% ] W guided liver biopsy because we felt that this procedure might yicld decper insight
°S 8.5 885¢sTe $h £agn 20 m 2 into nosology and pathomorphology of vinyl chiloride-associated hepatic discase
e _VYoE (T rEren’twebss. ©8.670 £ thun merely blind percutancous hiopsy. since u larger proportion of cicrhotic or
20 Q. Y oa8450oscc=8E . 5%cS s . P . - : . - 130
sEuo2f G35UEQ8GASSZE,. S°EE7 g fibrotic changes may escape detection if only blind biopsy is cmployed.™ '™
a = a e Sec - > - ; - "
mmm M,md e5. 5 «wn..... ERs5SYa g Sw mm.m §% ) According to information furnished by the plant physician, a total of roughly
85 9% SZ38 ol.mw neEe “2cy iE%aE55, 12 180 workers had in the past been exposed to vinyl chloride in this plant, either as
o= & al 3 “ g - L 2 ane ; ~Cssi inv i fuein ;
EZ dccly c2ooB8r8 m,m wi 8BS ©35 Wm I reacior cleaners or in further processing of vinyl chloride {centrifuging. drying,
8teelts ZZ8% ES8Y5s5S ca m.m 5az82z2 i g sizing, and bagging the polymer).
73 € @ Z 4 X Jdé- UU xTOo ™ To Jate, we have been able 1o collect data from a 1014l of SO workers of this
H plant (TAbLE 7). Their age distribution 1» shown in Ficure 1. More than hzlf of :
L 4 € them were of non-German urigin (nationality: German, 23 Greek, 24; Turkish, i
e g G s 6). Among the 50 work amined 44 had be king i g mCTizats !
2« g o A 8 the 50 workers examine a cn working in the polymerization :
L8 8y ° process (39 of them alternatively as reactar clesners) and 6 in processing the i
Ea 3 X polymer into the final plastic products. The length of exposure (FIGURE 2) ranged :
52 35 E from 9 months to 2134 years [or the 44 polymcrization workers, with 15 of them !
m.w.. o Z. having had an exposure of 9 or more years' durasion. For the 6 men working s
& M m g the postpolymerization phase the length of cxposure was 13, 9, 515, 415, 4, and ;
|.vmfhm —Cn ‘E 2 years, respectively. Case 50 had been working in the postpolymcerization phasc i
SES &% g £ for 2 yeans and subscquently in the manufacture of high-strength paper (harden- :
4 < o ing by cpoxy compounds) it the same plant (or 10 years.
o0
Py 3 Medical History i
: - . Lo . . |
2 2 In the overwhelming majority of cases previous history was uneventful. One i
© m = warker (casc no. 1) had a previous history of jaundice of unknown etiology 18 !
[ 0 : !
o ~ e
7 = N of coses i
£8 2 14 12 !
- m..\. 13 - —~—
‘o 12 - e w
2 2 S 1"- — !
Al £ 10
- 1 Y 10 - e med H
m ~ o0 - J .
= .m.lm 9 - - - . i
Tewm !
" oo 8- — . :
a2 7 ] 7 m
& 3 53 Antuln o w
g e se 6- - ..L 6 6 ; i
S ] -
: A bE ] : ~
[ “m 5 - Pt - .
=1 . - 1
= . 5 s H !
= s Zo : m ’
=] - ., 4 .
Z - 2 2 . i
5 . 3 HE
: ] OHpOAR, , ,
< wn;. .MM 9. ) WJ L J D ;
: 28 <z 7630 31-3% 2640 41-4546-50 51-5556 60 !
2 n> AGE tyears) - :
> m F Lo . i
cune: ). Age distribution uf 30 PVC production workers (age at examination). !
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FIGURE 14. Micronodular appeurance due to septal fibrosis with characteristic
hydropic swelling of parenchymal cells (Case no. $: length of exposure, 17 years;
biopsy 2 weeks atter last exposure). Trichrome Golduer stuin (~94).

plusm.® Fibrosis, observed in somewhat less than onc-third of the cascs, was
partly septal, partly portal, and partly midzonal; in 80 percent o) the cases there
was collagenization of sinusoidal walls, occasionally forming a nctwork-like
intralobular fibrosis (FIGUKE 14). Polymorphisim of liver cell nuclei was char-
acterized by enlargement and polyploidy of nuclei. The total number of bi- or
maltinucleated cells, however, did not seem 10 be increased. A rtlier character-
ishic feature wias an activation and prolifcration of sinusoiddal cells. There was a
definite increase in the number of littoral cells; they were occasionally arriged
in a chain-hke finhion und often resembled short pegs. In 6 paticats, a bizarre
nuclear shape was observed with enlargemient and hyperchromatism (poly-
plaidy?), interpreted as a symptom of pronounced cytologic deviation (FIGURE
151 Less than half ol the cuses hud predominantly minimal to slight fauy in-
filication of hepatocytes, not correlated to cither fength of exposure or drinking
labits. More detailed information on special features of histology may be found
in Dr. Gedigk's paper.

Discussion

Our synopsis of prior studics published between 1933 and 1973 (Tancr 4) in-
cludes a wotal number of shout 12,500 workers employed in VC polymerization
and PVC processing, However, comsidering the relutively high stundurds of oc-
cupational hygiene in modern chemicad industey,” ***' the true number of
workers examiuned toutinely by plant physicians can be wwumed 19 have beed
much higher, Scen against this buckgrouad and the fact th u Latse-scaie produc-
tion of PVC has now been going on for 45 years, the number of reported cuses
with (mostlyall defined) liver discase seems 10 be surprisingly small, Other mini-

o

agwy

Marsteller ¢r al.: Splenomegalic Liver Discase 125

=

o\ M8
S
g\

.

v

~»
Figune 15. Toxic and aduptive changes of pasenchym. ﬁcuv.‘.r:ncu _.“.nca.:..-“
phism of littoral cclls (Casc no. 3; length of cxpusure, 18 jears: bropay 2 wochs aftes
lst exposurc ). H&E (£400).

latations associated with VC polymerization had been <con more frequentiy
(acroosteolysis in 118, Raynaud's syndromc in 97, skin icsions in <0 of more
than 12,000 workers). They cvoked parucular interest mainiy burween 1906 and
1971 and were thought to be reatricied 1o avoidable nanual cleaning of re-
aclory 1w

Thus, when we first observed evidence of Iiver ducase of possitly occirpa-
tonul cniology in the workers examined, we suspecied plant staedards 16 have
been particularly pour, comsidering that liver discase was 30 rarcly aentioned in
Prpe public.ations. Intinutions made by workers scemied 10 conlinm this assusip-
o (distinet odor of VC vapors at diverse aorhing atcas cven ontade tie boxa-
fom of reactors. detcnorating quality of ventilaion attcr windoss hed iccr
Yailed up, [requent symploms of acute overexposuse, and manly alassual scaCir
tleuning). Howcever, with a growmg mumber ol workers caamined it Iecame
tvident that we dealt anth o discase presentiog with o maltisadod bt pictam-
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DiscussioN

Dr. H. Bucntek (University of Cologne, Germany): 1t would scem better
for statistica) investigations on the reported liver function tests if you could
compare the results with simitar tests done before the workers came into vinyl
chloride manufacturing. Second, in onc of the two plants in Germany with
incideace of vinyl chioride distase. there is much alcoho! intake in the workers-
Until now no liver dumage has beer found.

Third, in regard to low lung-function tests, we have not confirmed 3
pathological diagnosis at all.

There should be more discussion about the cause of this discuse. i.c.. whethef
it is viny! chloride alonc or another agent which may get together with technical
vinyl chloride, or vinyl acetate or additives. This nuuy be importunt in the
causation of angiosarcoma.

Last, it has heen suggested that liver biopsy be done oaly after peritoneoscop¥
because of the risk of bleeding.

Dr. M. L. Newnouse: May 1 ask Dr. Lelhach how he sclected his paticnus
and how big was the exposed group he selected them from?

Dr. W. K. Letnacu (University of Benn, Germany): 1 will begin with the
answer 1o the second part of the question. The whole group is, as far as we know,
ahout 180 workers in this plant. We -were alerted in December 1972 by Dr-
Veliman's group that paticnts being examined for skin and bone disease alse
had signs of liver discasc. We examined theae patients.

1ater we examined all patients we could bring to the elinic. It is, of course, 3
sclected group and docs not permit us (o draw conclusions as to percentages.
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