[7Z2n R

73=12-27
Transiated by

Janet Englund

Deutcche Medizinisehe Wochencehrift, 98 (43), p. 2024-2037,

1975

"On the So-called Vinylichloride Discace"
By S. JUhe, G. E. Lange, G. Steiz, and G. Veltman
University Skin Clinic of Benn

Director: Prof. Dr, Lcinbrock

Since 1958, when the first information on the hazardous

loride manufagturing
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health aspects to workers
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inductrice was fournd, and copecinlly zince 19£3, when the camn
effccts were found affecting workers in the polyvinylchlorice
industry (PVC), and through further reporis on this zuhject

(3, &, 7, 8, 12, 28), attention has boen dravn to thic branci

- . [y

of the chemical industry., This deals with a disecase similar
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to a skin and bone affecting scleraderma, but a diseasc un-

explainable in ctiology and pathogenceis. The main symp-
toms of this have been the Raynavd syndrome, nodular to
larce arca dense clin altcerations and band-1live osteolysis

in the finger phalanges.

We could report our robt obgervations on this digeasc

type in Germany in 16723 (05, 16, 1?), Ac the clinical plcture

wan ot first comyarahic Uoa anecinliood forim of progreogaive
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internal examination to determine if visceral participation ﬁ

was alco precent. Recently, we reported completely (18) on _

the recults found up until the end of 1972. These reveal

new aspects to be used in the judgement of this diseace and,

as we belicve, algo may pive new sucpestions in the research.
The 13 workers cxamined in the April-December 1972 £imo

period were 29 to 52 years old (average age: 39 years), and

had worked at least two, and at most 18 years (average period:

? years) in a PVC-manufacturing plant at alternating jobs,

although mainly as autoclave cleancers. The first disease
symptoms appearcd one and onc-half to three and one-half ycars :
after first working there in eleven patients, and in two

cases seven and eleven yecars after first working,

Symptoms _and Findinnrs Y
-, The most froqueﬁt initial symptoms of the anamnetical :
details are increasing csensity to coldness in the hands and
feet, a feeling of deafness, and crawling parictosis. In
addition, pressure pain in eingle fingers, a thickening of
the end finger joints and weaxening of the nails as well
as poneral complaints of excessive tiredness, forgetfulness
and slowing down, syncopal dizzinecc, nauseau during work,
increaced percpiration and upper obdominal pain,
A major rolc in the dlagnocis of this dicease 1s playod
by the altcration of the chin:  Seven paticealns proved
drumstlicii-like (clubbea) Lhiehonod {dnsor end phalangen (club

-~

nrocureacnts and shortening, wolch-glang nalls, shertening O
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the nail plate). We saw scleroderma=like ckin alterations
in 8 patients: small knots or more cpread out; very coarso
and relatively sharply defined, ucually covering the shrfacu
skin projecting infiltrate on the outstretched hands, tho
and the arca of the

distal third of the arms under the clbow,
Three patients had no clinical skin alterations,

cheeks.
The histology findings of the excision specimens (fror

the left or right hands) of all paticnts were relatively uni-

Besides hyperorthocytosis and epidermidosis, there

forn.
was an expansion and increase of capillaries in the upper

| cutis, An increase, widening and homcgenation of the collagoun
bundle end a clear rarefaction and fragmentation of the o
elastic fibers was evident. The same findings in the epi- g:
. dermis and the {ibers of the upper cutis were proven to 53 -
exist in the patients without clinical skin alterations, § g
mic and the collagen E

The histology alterations in the enider

connective tissues are similar to the cdematosis to infiltra-
Here, however, a

tive stage of progressive sclerodernma.
clearly defined border is scen between that of possible but

to some extent considerable injury of the elastic fibers

and the vessel alterations,
So far, circulation disturtances are the moct common

Do e
1ro

symptoms: Nine of thirteen patients complained of this,
and in fact e¢ight of then gave thic ceomplaint ag thelr f
inecrcascd

The degree of cooplaint ranped fros
¢ daynaud

cympton,
sencitivity to the c¢o0ld and "alronyanosce' to tu
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syndrome (four paticnts). The circulation obstruction could
be judged objectively with the aid of temperature measure=
ments, determination of the time required to rewarm aficr

exposure to the cold, capillary microscepy, and arm-hand

arteriography. In no case did ogcillograpny and plethysmo=
graphy result in a certain pathological prognosis. From

this, one can ascertain that the origin of the circulation

obstruction is in the periphery and not in immediate range.
of the large blood vessels., Thic consideration is supported
by the angicgraphic and capillary microscopy results., Four
patients with sensitivity to the cold were proven to have

ampule-like widenings of the capillariec in the nail joints

just as described in the Raynaud synaroze (14). All seven

patients who underwent arteriograpny showed pathological

=

vessel images. The alterations ranged from a slight narrow-

ing of the Aa. digitales palmares propriae et communes with
single segmentary localized closurcs to a high degree of

‘stenosis and segmentary closurce, and even to the extent of

96v520 Swpy

the loss of contents by the arteries in the entire length
of the finger and clear stenosis of the entire hand joints.
After the examination until this point, it appcared that
8 direct relationshin cuxisted between the length of expesure
and the amount of vesscl damape.
The most obvicus x-ray recults of this dizease were the
band=-Jiiie osteolyois between Procensul uneuicularis and the

phalanecen  on cingle or all fingers in iz of Lhe patients.
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In addition, fragmentation and border defeebs of the Pro-
cessus unguiculares could be found in eix patients. It is
alco poczible to determine different depgresc of bone alter-
ation: in light cases only a emall lytic zone is visible,
and in the advanced stage the phalange is almost fully de-
stroyed and the Processus unguiculares meuntc ontc the
bagsis of the phalanx cap-like. A full restitution of the
bone is nct to be expected based upon the facts at this
time (23,24). Remarkable herein is the solid correlation
of acroostcolysis and the club-like expansion of the end
phalanges. Thus, the 'Hrumstick fingers" are an expression
of the lytic bone process and not of an internal disecase.
An examination of the blood building system and coagu-
lation craws our attention to this remarkable finding: all
thirteen patients showed light to serious thrombogpeny. The
thrombozytic ccunt lay repeatedly between 30,000 and
119,000/« £ (under a normal limit of 150,0C04:£). In a
‘sternal puncture given to six patients in search for an
‘explanation, there resulted in no case a reference to the
obstruction of the 'thrombosytopoese", osteomyelofibrosis,
or osteomyclosclerdse. The other cﬁaminations showed no
deviations frem the norm, except for a slicht reticulocis
in eight patients (between 16 and 26 %), and a slight leu-

kopenia in five patients (2330 to 3950 leudocytes/y-£ ).

Reticuloris and leukopcnia may be cauned by the splenomegaly

in the twelve paticats, At thic time, iv is not clear if

a.
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the thrombopeny is alco ce caused, but it is probable that

it deals with a turnover disturbance or an increase in disin-
tegration in the periphery.

It was obscrved in the anamnese that three patients re-
portcd recidivisoic pain in the left upper abdomen and one
patient reported pain in the right upper abdomen and a feel-
ing of fullness, as earlier discascs of "Leber and Milz," yet
long~time intalie of medicines or citreme alcoholicm were not -
discerned. However, three patients without the sclerodera-
like gkin condition and acroosteolysis had record hictorices
pointing to a chronic liver ailment (Esophagus varices bleed-
ing, splenoral anastomosis;portal hypertonus; csophagus
varices, splenomecgaly.). The bromozulfaliﬁe rctention was
clearly increascd, but by comparison the values for serun-
transaminase and-phosphates were for the nost part nothing
out of the ordinary., This discrepancy could also be proven
in the other ten patients., Four paticnts had esophagus
varices, and in twelve casesg splenomegaly was proven gscine-
tallpgrarvhically. The lavaroscopic and liver biopsy results
of five paticnts, which were available fo us at the end of
1972, showed remarkabvle agreement: surface arca of the liver
clearly or finely waved, caprsule {ibrocis, incrcased blood-
and lymph-vescels, histologzicaly a slight to clear fibrosis
of the portal cystem and indifidual cell necrocis, and slight
coarse fal droplels,  The result, that we could further ver-

ify at thic tine leu us cupress the following Lheory: mycent

s
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for the slipghtly toiie alterations of the liver cells, thico

results from the expansion of the conncctive tissucs in tpc
portal syctem into the diffuce circulation in the liver, In
advanced stages this leads to an interhepatic blocl (moct like-
1y becausc of the hinderances in the height df the portal
syctem, possibly sicilar to a sinusoidal block), with csophagus
varices. It remains to be found if the splenomegaly is only

is
a secondary condition or if this primarily the direct recult .

of toxic changes.
Of nine patients cxamined in the lung functions (anamnese,

x-raye, spirometry, entire body plethycmography, and blood

gas analysis) after references pointcd to mainly restrictive
alterations, eight of these patients showed partial incuffi-
ciencies., Further rescarch must be undertaken to determine
if these disturbances can be traced back to the fact that
similar changes occur in the lungs as in the collagen and
lastic supporting tissues of the skin, that is, that a
beginning diffuse lung fibrosis is the cause of these dis-

turbances.

The Initiating Factor

This paper is concerned with an industry-causced discase,
in which the scymptoms include (arranged in order of most common
occurrence) throabopeny, cplenomegaly, toxic liver darage,

ventilation blrclhiane, civculation obotruction, and skin and

~bone alteration. This complex of symptoms has not yet been




It ig uncxplained ctioi-

4 wnown syndronc,

ol

1.
N

been ascigned to
chogenical
Ic it possible to cbtain a certain incight in the ctiology

ogically and pa

and pathogenesisc by a comparison of our recults with those
Yinat i then possible to

previously recorded in literature?

be the initiating factor?
At a pirultaneous pf scsure and teomperature increase,
vmerized to polyvinylchloride with
dopending upon.
f

liquid vinylchloride is pol
the addition of water and variousz additives,
In different countries,

the different propertics decircd.
independent of the additive tyme, the Raynaud syndrome and

acroostcolysis was present in worlkers cleaning autoclaves.

The sympions appear so characteristic that it lead in the
2tionally-

paczst year to the disease degignaticn of "occunat 5
conditioned acrocsteolysics" and was advanced to a diagnosis
It is not assurmed that the additives, diffcer-

position (28).
ing by type, country of production and rpethods, play an import-

ant role, vut the harmful ccmbination of these with the vinyl-
Therefore vinyl-

chloride can not be completely cucluded.
chloriae, the substance present in the largest amount, be-
comes the main voint of our interests. The monomer vinyl-
Ehloride is pumped over a c¢losed gystem of an autoclave. The ;
exit poosibilitices of the gas - and thus the inhalation
pocoibilities - consist then in more »laces within the opro—

tale and offtake)

process:
autoclaves (in

duction
Permeovility o

¢ the

1.
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during polymerisation and recovery nroccsses,

2. In the discharging and opening of the autoclaves as well

as in the drying process of the finiched polyvinylehloride.

Tho residual gas comsists of up to 9079 vinylenloride (6)

and often leads to leaden tirednecs and chort-lasting

dicorientation irn the employees.

3, From the polymer precipitation on the walls of the kettles.,
Therefore, from the tochnical viewpoint, it is completely
possinle that vinylchloride initates the hereby described
discasc.

Some Tacts are alrcady known about the effect of vinyl-
chloride on human and animal organisms. The narcotic effects
have long been recognized (22). Since 1953, reports have re-
peatedly been made concerning the angioncurotic obstructions
and the Raynaud syndrome in workers (1, 10, 21). In the
literature one finds single references to the intoxication
of vinylchloride, wherein a reversible dizziness, light to
Géry noticcavle giddiness, disoricentation, skin appearing 2s
a 2~degree burn, and lesscned blood coaguwlation have been
deternmined symptoms (6, 9, 11)., One worker died as a re-
sult of poiconing.

With the use of experiments involving animals, lung
odem, blood congestion in the lungg liver, and kidneys, as
well as decrcasing blood coagulation could be proven (20).

In long term euperiments it was pocsible to produce centro-
lobular depenerallon in the liver and necrosic with foamy

vacuolization as well as periportal cellular infiltration (26).




Recently, rcportc woeroe made concerning skin, lung, and bono

tumors and obstruclions in the bone structure (27). Thece

results, baced on animal experiments, lead again in 1970 to
a depression of the MAK (maximum occupation concentration)

to 100 ppm (i3). Il ls not yect known to uz the regulations
concerning gac concentrations at the occupational site.

The symptoms related in the frameworiz of this dicease
(Raynaud syndrome, loxic liver changes, cbstruction in the
bone compositions and prenarcotic syndrome) may then be pro-
duced by vinylchloride., Thus, in the knowledge of the occu~
pational site we can oxpress the conjecture that long ter:
exposure to vinylchlovide is at least a, if not cven the
diseasc-initiating factor. The fact that the name "occu-
pationally-caused acroosteolysics" hints only at a not
necessarily determining symptom shows that a new name should
be coincd. Ve have proposed the designation 'so-called
vinylchloride disea:se' for this syndrome becausc this discase,
influenced by the variicipation of numerous organs, obtains

the charactcer of a uystem discase.

Pathorenesis

The pathogenesis is, ag before, uncxplained, On the

bacis of our recearch we digcussed the theory that the dicease

2

ac a pathogenctic yrincinle in the furthest sense i cause
by an obstruction on (lo connective ticinue or the vesscel

addition, as our theory chows that

conncctive Lisouce.

4

the Loxic agent lo efleetive not only per inhalaticnom, but

205520 S®Yy
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utan, the fact exicts that only urcoverced maln arteries

nlco pora

exyhibit celeroderma-liice contings and that the band-like ou-
teolysic is only found on the finger phalangec. Vie caw gclorO-

derma=-lilie skin alterations as well ag acroosteolytosic only

in worlers who had worked a long period with the cleaning of

-

:i;
w

autoclaves., This can'perhaps be explained by the ract that

600-1000 ppm of vinylchloride could be mecasured in thé areca %%
of the autoclave walls (5). As an indication based upon the 3%
obstruction of the connective tiscues, we saw the gualitative | ;5
and guantitative alterations of the skin and the multipli- ]g
cation of collagenic f{ibers in the portal system of the liver. ?i

The increase and cxpansion of the capillaries was visible by

capillary microccopy and histology in the upper cutis, in

addition to the peripheral circulation cbotructicn proved
¢linically, angiograrhically, and thermographically. Even
the alteration of the bone (osteolysis as a result of trophic

obstruction by damage to the vasa nutricia) and the lung

(restrictive .and obstrictive ventilation blockage) can be

synonomoucly cxplained. The prognosis of the disease -

judged quite optimictically by carlier literature-appears

quite serious to us, cspecially with respect to thrombopeny, o

‘splenomegaly, and portal hypertencion, According to our 5;

observations of alteraticns in the tone, thic diseasc should 8
L]
01
Q
()

be judged with reserve.

Concrauvereen o the Proctice

The triassic formatieon of this discase gyctem, serious
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boo

procnocic and relatively high mortality (from our investipaticn

certainly more than 10%) hac led provailingly youn men to col-

deit us to place the following cugsestionn:
Idtecution ef epidemologic and preventative medical experi-
mental tegts. Inm our opinion, it is not cufficient any more

to cearch for only Raynaud syndromes and knotty ckin alter-

ationc because these sympioms , as characteristic as they are,

already chow the advanced ztaje of diseace. Perhaps more
important, controls to determine the thrombozytic count in
repgular time neriods chould be given to all cmployees of PVC-
producing industries, This should talte workers with a con-
stant thrombopeny out of this branch of the industry, as this
appears to be the firct objective syxpntom, before further and
more seriouc internal damage occurs.

No employment given to those with liver discazes or circu-
latory nroblerxc.

Regular gas concentration measurements in different work

sites to avoid exceeding the MAK limit, Experienced tech-

-0

nical improvement with the pgoal of greatest possible automation,

andinmprovcment of the ventilation conditions to reduce the

possibilitices of gas inhalation to the lowest amount poscible.

Compensation to diseased worlers and recognition of this
diccase ag liable to indenmnity »v incluzcion in the list of
BKVO.

More rezenrch, cspeeiaily with anizals, uwscine vinylchloride
with special censideralion to the zihiin, bones, lungs, liver,

and oplocn.,
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