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"On the So—called(ggéz}chloride Tisease"
By S.‘Juhe, G. E. Lange, G.-ézéii; and G. Veltman
University Skin Clinic of Sonn

Director: Prof. Dr, Leinbrock

Since 1958, when the first informaticn on the hazardous
health aspects to workers in the vinyléhloride manufacturing
industries was found, and especially since'1965, whern the came .
"effects were found affecting workers in the polyvinylchloride
industry (PVC), and throuéﬁ further reporis on this subject
(3, 4, 7, 8, 12, 28), attention has becen drawn to tkis branch
of the chemical industry. This deals with a disease similar
to a skin and bone affecting scleroderma, but a disease un-
explainable in eticlogy and patbogenesis. The main symp-
toms of this have been the Raynavd syndrome, nodular to
large area dense skin alterations and band-lixe osteolysis
in the finger phalanges. |

We could report our first observations on this,dicease
type in Germany in 1972 (15, 16, 7). As the clinical picture
was 2t first comparable to a svecialized {orm of orogressivs .

scleroderma, we submitted all cmployccos to a zainstaking
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internal examination to de@ermine if visceral participation

was also present., Recently, we reported completely (18) on

the results found up until the end of 1972, These reveal

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

as we believe, also may give new suggestions in the research.
The 13 workers examined in the April-December 1972 fime

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

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

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

although mainly as autoclave cleaners. The first disease

symptoms appeared one and one-half to three and one-half years

after first working there in eleven patients, and in two

cases seven and eleven years after first working.

Symptoms and Findings ’
--. The most fregquent initial symftoms of the aramnetical
details are increasing sensity to coldness in the hands and
feet, a feeling of deafness, and crawling parietosis. In
addition, pressure pain in single fingers, a thickening of
the end finger joints and weakening of the nails as well
as general complaints of excessive tiredness, forgetfulness
and slowing down, syncopal dizziness, nauseau during work,
increased perspirafioq and upper abdcominal pain.

A major role in the diagnosis of this disease is played
by the alteration of the skin: Seven patients proved to have
drumstick~like (clubbed) thickened finger end phalanges (club

vrocurements and shortening, watch-glass nails, shortening of
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the nail plate). We saw scleroderma-like skin alterations

in 8 patients: small knots or more spread out; very coarse
and relatively sharply defined, usually covering the surface
skin projecting infiltrate on the outstretched hands, the
distal third of the arms under the elbow, and the area of the
cheeks. Three patients had mo clinical skin alterations.

The histology findings of the excision specimens (ffom
the iéft or right hands) of all patients were relatively uni- -
form, Besides hyperorthocytosisjénd epidermidosis, there
was an'expansion #gayiﬁégggggfg} capillaries in the upper
cutis. An irpcrease, widening and homogenation of the collagen
bundle and a clear rarefaction and fragmentation of the
elastic fibers was evident. The same findings in the epi-
dermis and the fibers of the upper cutis were proven to
exist in the patients without clinical ekin alterations.

The histology alterations in the epidermis and ?he collagen
connective tissues are similar to the edematosis to.infiltra-
tive stage of progressive scleroderma.. Here, however, a
clearly defined border is seen between that of possible but
“to some extent considerable injury of the elastic fibers

and the vessel altefations.

So far, circulation disturbénées are the most common
symptome: hine‘of thirteen patients'compléined of this,
and in fact eight of them gave this complaint as their first
symptom. The degree of complaint ranged from increased

sensitivity to the cold and "akrozyanose'" to the Raynaud
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syndrome {four patients). The circulation obstruction could
be Judged objectively with the ajid of temperature measure-
ments, determination of the time required to rewarm after
exposure to the cold, capillary microscopy, and zrm-hand
arteriography., In no case did oscillograﬁhy 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 inmediate range,
- of the large blood vessels. This 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 capillaries in the nail joints
.Just as described in the Raynaud syndrome (14). All seven
patients who underwent arteriography showed pathological
vessel images, The alterations ranged from a slight narrow-
4dng of the Aa. digitales p;lmares propriae et communes with
single segmentary localized closures to a high degrees of
‘stenosis and segmentary closures, and even to the extent of
the loss of contents by the arteries in the entire length
‘of the finger and clear stenosis of the entire hand jbints,
i After the examination until this point, it appeared that
a direct relationship existed between the length of exposure
and the amount of vessel damage.

The most obvious x-ray results of thi§ disease were the
band=-like osteolysis between Processul unguicularis and tte

phalangen on single or all fingers in six of the patients.
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In'addit;on, fragmentation and border defects of the Pro-
cessus unguiculares could be found irc six patients, It is
also possible to determine different degress of bone alter-
ation: 1in light cases only a small lytic zone 1s visible,
and in the advanced stage the phalange is almost fully de-
stroyed and the Processus unguiculares mcunts onto the
basis of the phalanx cap-like, A full restitution of the
bone is not to be expected based upon the facts at this
time (23,24). Remarkable herein is the solid correlation
of acroosteolysis and the club-like expansion of the end
phalanges. Thus, the 'irumstick fingers" are an expression
of the lytic bone process and not of an internal disease,
- An exarination of the blbod building system and coagu-
lation draws ou‘r attention to this remarkable finding: all
‘thirteen patients showed light to serious thrombopeny. The
‘thrombozytic count lay rapeatedly between 30,000 and
119,0C0/ £ (under a normal Alimit of 150,0C0/«£). In:a
‘sternal puncture given to six patients in search for an
‘explanation, there resulted in no case a réference to the
obstruction of the 'thrombosytopoese", osteomyelofibrosis,
or osteomyelescleroée. The other eiaminations showed no
deviations_from tae norm; except for a slight reticulocis
in eight patients (between 16 and 26 %), and a slight leu-
kopenia in five patients (2350 to 3950 leudocytes/y-R j.
Reticulosis and leukopenia may be caused by the splenomegaly

in the twelve patients., At thic time, it is not clear if
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the thrombopeny is also s¢ caused, but it is probable that
it deals with a turnover disturbance or an increase in disin-
tegration in the periphery.

It was observed in the anamnese that three patients re-
ported recidivisic pain in the left upper abdomen and one
patient ‘reported pain in the right upper abdomen and a feel-
ing of fullness, as earlier diseases of "Leber and Hilz," yet
long-time intake of medicines or extreme alcoholism were no} -
discerned. However, three patients without the sclercdera--
:like skin condition and acroosteolysis had record histories
pointing to a chronic¢ liver ailment (Esophagus varices bleed-
" ing, splenoral anastomosis;portal hypertonus; esophagus
varices, splenomegaly.). The bromosulfaline retention was
clearly increased, but by comparison the values for serum=-
transaminase and-phosphates were for the most ?art nothing
out of the ordinary., This discrepancy could also be proven
in the other ten patients., Four patients had esophagué
varices, and in twelve cases splenomegaly was proven scin=-
tallgraphically. The laparoscopic and liver biopsy results
of five patients, which were available to us at the end of
1972, showed remarkable agreement: surface area of the liver
clearly or firely waved, capsule fibrosis,‘increased blood-
and lymph=vessels, histologicaly a slight to clear fibrosis
of the portal system and indifidual cell necrosis, and slight
coarse fat droplets. The result, that we could further ver-

ify at this time let us express the following theory: -Except
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peen assigned to a known syndrore. it is unexplained etioi-
oglcally and pathogenicaily. '

Is it possible to cbtain a certain insight in the etiology
and pathogenesis by a comparison of our results with those
previcusly recorded in literature? Yhnat is then possible to
be the initiating factor? '

At a2 sinultaneous pfessure and temperature increase,
liquid vinylchloride is polymerized to polyvinylchloride with _
the addition of water and various additives, depending upon.
the different properties desired. In different countries,
independent of the additive type, the Rayrpaud syndrome and
acroosteolysis was present in workers cleaning autoclaves.

The symptoms appear so characteristic that it lead in the

past year to the diseaze desigration of "occupationally-
conditioned acroosteolysis" and was advanced to a diagnosis
position (28). It is not assurmed that the additives, differ~
}Pg by tyme, country of prcduction and methods, play an import-
ant role, but the harmful coabinaticn of these with the vinyl-
chloride can not be completely excluded. Therefore vinyl-
chloride, the substance present in the largest amount, be-
comes the main point of our interests. The monomer viayl-
:ﬁloride is pumpéd over a closed system of an autoclave. The
exit possibilities of the gas - and thus the inhalation
possibiliiiesA? consisk then in more places within the pro-

duction process:

1. Permeability of the autoclaves (intake and offtake)
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during polymerization and recovery processes.

) 2. In the discharging and opening of the autoclaves as well
as in the drying process of the finished polyvinylchloride.
The residual gas consists of up to 90% vinylchloride (6)
and often leads to leaden tiredmess and short-lasting
disorientation in the employees.

i 2. From the polymer precipitation on the walls of the kettles,
Therefére, rom the technical viewPoint; it is completely
possible that vinylchloride initiates the hereby described
disease.

Some facts are already known about the effect of vinyl-
chloride on human and animal organi;ms. The narcotlc effects
géve long been recognized (22). Since 1958, reports have re-
ﬁeatedly been méde concerning the angioneurotic ;bstruétions
;Qd the Raynaud syndrome in workefs (1, 10, 21). In the
iiterature one finds single references to the intoxication
of vinylchloride, wherein a reversibie dizziness, light %o
;;ry noticeable giddiness, disorientation, skin appearing as
;.E-degree burn, and lessened blood coagulation have been
&étermined symptoas (6, 9, 11). One worker died as a re-
éuit of poisoring. ‘

o With the use of experiments involving animals, lung
oden, blood-congestion in the lungs liver, and hidnéys; as
well as decreasihg blood goagﬁlatién could be proven (20),

In long term experimentslit was possible to produce centro-

lobular degereration in the liver and necrosis with foamy

vacuolization asrwell as periportal celiular infiltration (26).
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Recently, reports were made concerning skin, lung, and bons
tumors and obstructions in the bone structure (27). These
results, based on animal experiments, lead again 1n 1970 to
a depression of the MAK (maximum occupation concentration)
to 100 ppn (13). It is not yet known to us the regulations
concerning gas conéentrations at the occupational site.

The syzptoms related in the rraﬁework of this disease
(Raynaud syndrome, toxic liver changes, obstruction 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 express the conjecture that long term
exposure to vinylchloride is at least a, if not even the
disease-initiating factor. The fact that the nanme “ocﬁu-
pationally-caused acroosteolfsis" hints only at a not
necessarily determining symptom éhows that a new pame should
be coined. Ve have proposed the designation "so-calied
vinylchloride disease" for this syndrome becaﬁse this éisease,
Anfluenced by the pariicipation of numerous organs, obtains

the character of a system disease.

Pathogénesis

The pathogenesis is, as before, unexplained.v.On:fhe
‘basis oI our research we discussed the theofy that the disease
as a pathogenetic principle in the furthesﬁ sense is caused
by an obstruction on the connective tissue or the vessel
connective tissue. In-addition, as our theory shows that

the toxic agent is effective not only per inhalationem, but
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also perkutan, the fact exists that only uncovered main arteries
exhibit scleroderma-likevcoatings apd that the band=-like os=-
éeolysis is only found on the finger phalanges. We saw sclerO-
derma-like skin alterations as well as acroosteolytosis only
in workers who had worked a long period with the cleaning of
autoclaves. This can perhaps be explained by the fact that
600~1000 ppm of ¥inylchloride could be measured in the area
of the autoclave ﬁalls (5), As an indication based upon the
‘obstruction of the connective tissues, we saw the qualitative'
apd quantitative alterations of the skin and the multipli-
cation of collagenic fibers in the pcr#al system of the liver.
The incfease and expansion of the capillaries was visible by
Eapillary microscopy and histology in the upper cutis, in
addition to the peripheral circulation cbstruction proved
clinically, angiographically, and thermoaraphlcally. Even
the alteration of the bone (osteolysis as a result of trophic
obstruction by damage to the vasa nutricia) and the lung
(restrictlve and obstrictive ventilation blockage) can be
synonomously explained., The prognosis of the disease -
3udged quite optimiétically by earlier literature-appears
quite serious to us, esPeciallj with respect to thrombopeny,
féplenbmegaly, and portal hypertension. According to our
observatiens of alterations in the bone, this disease should

be judged with reserve,

‘Conseauences for the Practice

The triassic formation of this disease system, serious
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p;ognosis and relatively high mortality (from ourkénvestigaticn
certainly more than 10%) has led prevailingly younymen to sol-
icit us to place the fbilowing suggestions:

Execution of epidemologic and preventative medical experi-
mental tests. In our opinion, it is not sufficient any more
to search for oﬁly Raynaud syndromes and knotty skin alter-
ations because these symptoms , as characteristic as they are,
already show the ddvanced stage of disease, Perhaps more L.

important, controls to determine the thrombozytic count in

" regular time periods should be given to all employees of PVC-

producing industries. This should take workers with a con-
stant thrombopeny out of this branch of the industry, as this
appears to be the first objective symptom, before further and
more serious internal damage OCCUTS. '

ﬁo employment given to those with liver diseases or circu-
latory problems.,

Regular gas concentration measurements in different work

sites to avoid exceeding the MAK limit. Experienced tech-
nical improvement with the goal of_greatest possible automation,
#ﬁdimprovement of the fentilation conditions to reduce the
possibilities of gas inhalation to the lowest amount possible.
Compensation to diseased workers and recognition of this
disease as liable to indecnity by inclusion in the list of
BKVO, /
More research, especially with animals, usipg vinylchloride
with special consideration to the skin, bones, lungs, liver,

and spleen. ' .
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