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" VINYL CHLORIDE DISEASE"

I. Introduétion

In the past year, we could observe for the first time
a disease in Germany which occurred in autoclave workers
in the polyvinyl chloride (PVC) manufacturing industry.
We have designated this disease system as the "“so-called
vinyl chloride disease." This disease has become knowm
as "occupational acrcosteolyses syndrome" and "occupztional

acroosteolyses" from foreisn rublications.
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in 1963,‘the frequent appearance of the following symp~
toms in PVC-employees was described:l narcotic syndrome,
neurasthenical complaints, hepatomegaly, Raynaud's syn-
drome, dermatitis, and scleroderma-like skin changes as
well as transformed functions of the thyroid gland (33).
Before that, in 1958, the appearance of "chronical angio-
neurosis" had been determined in employees of a PVC-manu-
facturing plant (12).

In 1966 in Belgium, two workers were observed to have
Raynaud's syndrome, neurasthenia, scleroderma-like skin
changes and in addition, band-like osteélyses of the fine
gertip phalanges was observe:i for the first time. A
year later, two such cases became known in England (16).

Likewise, in 1967 a report entitled "Acroosteolyses
Syndrome of an Occupational Origin' was published in France
of similar clinical and x-ray alterations found in five
autoclave employees (5). Three thousand employees in the
PVC-manufacturing industry were examined in 1967 in North
America (36), In this examination, 31 employees were found
with acroosteoly=ses, with and without Raynaud's syndrome;
In addition, drumstick-like thickened finger tip phalanges

-and knotty skin alterations were present in eight employees,

These symptoms becama known as "occupational acroost -
olyses." This designation was kept in later occupational

Anglo-American research. In the results of later epidem=

ologic examinations, the terms Raynaud's syndrome and
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acroo;teolyses were promoted for the diaénosis "occupgtion—
" al acroosteolyses" (9). A' S

The main symbtoms - Raynaud's syndrome, skin indura-
tions, and bone lesions, even if only seldom occurring in
the form of bandéliké osteolyses, are also found in pro-
gressive scleroderma, At this point, a search for further
organ manifestations of the "so-called vinyl chloride dis-
ease." was considered opportune. Therefore, we have given
careful internal examinations to all patients. The follow=-
ing organ systems were considered: skin, circulatory sys-

tem, bone system, blodd building system, liver,'spleen,

lung, nervous system, digestive tract, Furthérmore, the

examinétions were carried out to the final determination

of an autoagressive disease.

II. Our Examinations

Since Feb., 1972, we have examined ten patients, ages
ranging from 29 to 46 years. All were employed as auto=-
clave employees in a PVC-manufacturing plant. Their
Jobs included, in addition to cleaning the autoclaves,
a;so working at times on the separator, the dryer and the
screening installgtiops and in packaging the finished
dry PVC.

The employmeﬁt period was between 1 3/4 and 12
years (averagé: 5years). The first disease alterations

occurred in 7 patients in one and one-half to two years,
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and in thr e patients, two to three and one-half years |
after initial employment., The average latent period was
about two years., o |

Seven patients légﬁed increased cold sensation in

the area of thé fingers or hand as the first disease symp-
tom, and this was coupled with deafness and "KribBeI'paz-
esthesia. In one case, the first symptom appeared as an
increased painfui pressure‘of the finger tips an@ par-
esthesia, in a second looseniﬁg of the nails, and in a
third, the first symptoms were a club-like expansion of
the individual finger joints., In addition, the follow=-
ing generalized complaints were ascertained: 7 patients
complained about'in&reased perspiration, 5 about frequent
dizziness, 3 abaﬁt cccacional nausea at work, 3 about re-
duction of vision, 3 about poor hearing, and 2 about
headaches,
1, Skin

' Clinically, we determined a participation of the skin
in the symptoms of 8 patients. We observed knotty infil-

trate, a shortening and drum-like exvansion of the finger-
‘tip phalanges, and a transformation of the nails to "'watch

glass" nails. This is in addition to the almost reguiar,
partl& constantly present, partly recurring, and mostly
cyvanotic swelling of the finger or the entire hand, which

lead to a feeling of tension and in some cases to a clear
logs of motion, Likewise, as a result of outer circulation ‘

disturbances in the skin, an increcased sensitivity to the
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cold occurred in the hands nnd usually in the feet of 7
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patients, In 4 of these patients, repeated Raynaud
phenomena could even be provoked by cold exposure experi-~.
ments. |

Drumatick-like club expansion of the finger-tip pha-
langes.of one or almost all fingers were visible by sight
in 7 patients. This correlates well with the x=-ray alter-
ntions, presented later in this article, mainly on the
right hand. The nails of the affected fingers were
~ "watch-glass" shaped, with the exception of one patient,
in which case a koilonychia had formed. In contrast to
“{rue" drumstick fingers, we found not only an expansion
but. also a distinct shortening of the end phalanges and
the fingernails (Fig. 1). This is certainly connected
with the delayed fingernail growth reported by 3 patients.

The presence of scleroderma-like skin changes was

very characteristic in 8 cases. These changes were rela-
tigdply sharply defined but very rough, white to ivory

in color, and usually an infiltrate projecting somewhat a-
bove the surface skin. Size and shape varied from the
size of grain to small knots, or even more flatly shaped.,
These type of indurations were observed mainly on the
finger joints and in direct proximity to the Proc. sty~
loideus, on the ulna side of the hand and the distal third
of the under elbow (Fig, 2), with a distinct lessening
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Fig.

6 .
1. Scleroderma-like knotty skin infiltrate on the
outstretched fingers and into the hand joints. Drum-
stick like club expansion and distinct shortening of

the end phalanges. Also, watchglass cufvatﬁre of the

nAil_plates.

Fig. 1.

2. Projecting infiltrate on the distal third of the

bent side of the right underarm: sheetlike, coarse

and relatively sharply defined, yellowish, and pro-

jecting somewhat $?97§ tﬁe sutface sk;n.
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towards the proximal side. Less often observ d were mor-
phologically similar changes on the sides of the outstretched-
fingers, distal of the olecranon, and in the face (cheek
and cheekbone region). '
A noteable fact is that the first symptom reported
by 6 patients concerned fingers 1=3 on the right hand.
only in three of the patients did the first complaints
arisevfrom the second or respectively second and third

fingers of the left hand., A breakdown of the respective

skin changes of the individual patients is found in Table I.

Table I, Summarized Representation of skin
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changes in 10 patients with so-called Vinyl

L

Chloride Disease.

Patient Kitlte- wTrommel- Uhrelas. Sklerodermie-
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Sample excisions were made in the left or right hands

.of all patients. In all cases =~ even those, in which

patients exhibited clinically "only" Raynaud syndrome with-
out actual proven infiltration‘-‘similar changes, for the

‘most part, were shown. The histological changes and their

values are shown in Table 2. ) .

It was also determined that the changes in the skinm,
as an organ system, undoubtedly played an important role
in the framework of the "so-called Vinyl Chloride Disease."
Eight of the examined patients proved to have distinct
clinically visible and protruding rough, scleroderma-
like infiltrate., All ten patients exhibited different |
characteristics, but for the most part had similar his- -ﬂ
tological changes. ' ‘ : }

The clinical image, with Raynaud syndrome, pale, very '
rough and usually plate-like infiltration of the skin and
the histological results included in that (as previously
described) are suggestive of the edematous to infiltra- -
tive stage of progressive scleroderma. Also, we found

in both disease images a ghrinkage of the evidermis with

the passing away of the "reteleisten" and simul taneous
hyperorthocytosis ("hypeforthokeratose"), an often con-
siderable widening of the cutis by meahg of an increase
of mainly nucleus poor and swollen and/or homogenous col-
lagen bundles by means of a “"walling up" of the skin

connecting tissue (25), respectively , the raising of




Table I. Histological changes in the skin of 10 patiépts

with so~called vinyl chloride disease,
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dicht gepackt
4 JLF N im ob. Corium vereinzelt normal
erweiterte Capillaren
3 H.D. — b a GefiiBwinde im mittleren atarkes Coriumidem

7 H. A. s b
8 ALC. a b

9 S.W PR
10 K.H. - [ —

o
o

u. oberen Cor. geschwollen
normal .

normal

mittl. u. tieferes Corium
deutl. Wandverdickung

teils Wandverdickung

obares Corium: Capill.
vermehirt u. erweitert

Coriumadem, lockeres, vor-
wicgend lymphoe. InSlirs:

spiicl. lymphocytiires
Infiltrat

miiBiges Odon, lockeres
lymphocyt. Infiltrat

normal

tieferen Corium sklerotisch

Nr, Cutis (3.

Vessels

1. Endothel swelling in sub-

Tissue Condition

Edema in middle corium,

epid, borderline capillaries perivascular infiltration

2. normal
S normal ‘
4, single widened capillaries

in upper corium

Se vessel walls swollen in
middle and upper corium

6. normal

7. normal

sclerotic
collag, tissues
normal

closely packed

strong corium edema

coriumedema, loose, mainly

lymphatic fluid

scanty lymphatic fluid
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Nr, Cutis (3. Vessels) Tissue Condition
8. distinct wall thickening moderate edema, loose

in middle and deep corium lymphatic fluid

9. walls partially thickened normal

10. upper corium: capillaries sclerotic lower corium

increased in number and
enlarged in size

Fig, 3, Hyperorthocytosis and initiél decrease of epi-
dermis, In the upper corium, enlarged and inéreased (in
number) capillaries with endothelium swelling and moder;
ately loose mainly lymphatic infiltrate. In the middle

corium edema, slight swelling and initial homogenization
of the collagen fibers (H.E. Color).
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sweat glands (24). Likewise, we observed a mainly moder-

ate intercellular edema and a loose, mainly lymphatic
infiltrate between the collagen bundles and around the
_blood vessels. In the subepidermal border, numerous

widened capillaries with endothelium swelling were ob-

20.1€1L S%®H

served, and the vessels of the middle and deep cofium
occasiénally showed a distinct wall thickening.

In spite of the numerous items in common, there
appears to be an important difference to progressive
scleroderma with regard to the changes of the elastic
fibers. Although in progressive scleroderma, splitting
and fragmentatiqn of the elastic fibers occurs, these
remain, for the most part (and also in view of the num-
ber),relatively protected . Indeed, often one has ob-
tained the impression of an increase of glastié fivers
as a result of the increase in skin atrophy. In addition
to fragmentation, an indicative to considerable rarefi-
cation of the elastic fibers is most noticeable of the
histological results in the so-called vinyl-chloride dis-
ease (Fig. 3-5).

2, Circulatory Svsten

Seven of the patients complained of an increased
sensitivity to the cold in the hands., This was also re-
ported as the first disease symptom., Four of these

- patients: reported recurring whitening of single or all

fingers in connection with strong pain and deafness in
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Fig, 4. Characteristic swelling and homogenization of

the nucleus-poor and widened collagen bundles, separated

by a thinned edemin the lower corium.
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to complete rarefaction, a splitting and dismembering in

the lower corium (Elastica color).
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cooler environments., Of these pati nts, two reported

this type of symptom in their toes.

In order to make the above complaints in all the
patients objective, the skin temperature of the arm was
méasured, the arm and leg measured with an oscilloscope,
and the arm examined with a plethysmograph (at rest),
and exposure of the arm to cold was made after previous'
adaption to room temperature. In this last experiment, the
underarm was held in flowing water for 15 minutes, and

" subsequently the time required for rewarming was deter-

mined. In five patients with acroosteolyses and scler-

oderma~like. skin changes, a two sided arm-hand arterio-

graph was made in the transfemoral pathway (Priv. Doz.

Dr. Beltz, Radiologic Clinic, Director, Prof. Dr. P.
Thurn), In two other patients, arteriographs were carried
out in an outlying hospital (once through direct punc-
ture of the A, brachialis, the other time through a

transfemoral entry) due to the existing Raynaud syndrome

60.1€1 SBH

(By Prof. Dr. Schiissel, Prof. Dr. Schober, Siegburg City
Hospital).

A capillary microscopic examination of the fingerﬁail
grooves was made in four patients, in which the fourth
finger, left, was used.

An examination of the eye backsround of all patients

was made ‘because of suspicion of general angiopathy. An

opthalmodynamometric measurement was made (University Eye -
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- Raynaud syndrome allowed recovery in single or all fin-

subtotal cleosure were found in the area of the base and

14
Clinic, Bonn, Prot. Dr. W. Straub). _ ' .
" Finally, the blood pressure of all patients was made
with the patients lying down.

The skin temverature was considerably lower in the hands

of 6 patients (up to 10°C below normal). In the cold expo-

sure test, the rewarming veriod was lengthened in 9 cases

(up to 60 minutes longer) and in four of the patients,

gers of both hands,

'No indication of inferior circulation of the extrem-
ities was observed oscillogréphically and plethysmo-
graphically. | '

A1l arteriographed patients exhibited pathological" ]
vessel build up, Five of the patients examined in the
Radiological Clinic showed an arterial decrease in circu-
lation in the fingers and iﬁ certain cases even in the hands.

N Minor changes were evident in the finger arteries

ﬁy a slight narrowing of the vessel opening of the Ada,

digit. vol. propr. and the Aa, digi'ti. vol. communes.
Segmentary localized stenosis was also found. In more . ;

advanced stages, a delayed fillinz of the finser arteriess

wae determined, These showed an almost total diffuse and

LECEE e his g 4 g

relatively uniform stenosis, High desree stenosis to

middle phalanges, foremost on the fingers with acroosteo-

lyses, while the rest showed a clear dense vessel net. .
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The tissue in the end finger phalanges appeared notice=
ably thickened in that area. A shortening of the end fin-

ger phalanges results from this substance defect. This may

be related to an effect which is caused by a compression

of the arteries localized there, In patients with character-

istic changes, the filling time of the finger arteries was

clearly retarded. The circulation of the finger arteries

was greatly limited - the opening plugged partly to the

periphery, and collateral was not evident., In theses cases,

segmentary closings of the finger arteries or even a

deficiency in the £illing of the arterdies in the entire

finger were apparent next to the high degree stenosis.

Both wrists likewise exhibited narrowed openings and _

side branches were absent to differentiated degrees.

The circulatory changes described didn't allow a certain

correlation to be made as to the number and size of the

acroosteolyses. In fingers without acroosteolyses, the

circulatory changes were, as a whole, less marked.

In two cases concerning patients with Raynaud syndrome

without acroosteolyses, outer arm arteriographs proved the

existence of a two-~sided narrow calibered Aa, radiales

et ulnares, The finger arteries were to some extent

greatly restricted; segmented or even completely closed

off, so that the middle and end phalanges were only incom-

pletely maintained. This finding was more evident on
the right than on the left. In the arteriographs of the
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of the six patients, no pathological results were

16 .

left hands of the other patients (transfemoral entry)
showed a closure of the A, interossea, 3 transverse

fingers proximal to the hand. The hand arteries were

considerably constricted, and the Aa._radiales et ulnares

proved to have a conspicuously narrow caliber. A &om-
plete representation of the angiographic results are
in the preliminaries,

In the microscovic canwllar examinations, nail
grooves of the examined four patients exhibited an

ampulié-like widening of the cavillary loops,as have
been described for the Raynaud syndrome (20).- This

resuit was brought about by patients, who althoﬁgh
c¢linically exhibited circulation disturbances, proved
to have no Raynaud syndrome, _
In the eve backzround, two patients were observed
to have an increased circuitry of the vessels, aml in
third patient a Fundus hypertonicus (blood pressure
145/85 mm Hg) was found. In a fourth, a distinct
constriction of the arteries with cross connections

of light congested veins was apparent., In the rest

found. The opthalmodynamometric measurements were
pathologically examined in two patients. 1In one

patient, in a lying position, this lead to an inclin-
ation to an intracranial vessel resistance.

The blood pressures of 9 patients were in the nor-
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mal range (systolistic between 100 and 130 mm Hg, diastol~
ic between 60 and 85 mm Hg). One patient proved to have
a low hypertonic value betwéen 130/95 and 140/105 mm Hg.
Circulation disturbances in the hands represented a

' main symptom of the examined patients. These symptoms
would be most strongly represented by the Raynaud syndrome.
Four patients, who exhibited no Raynaud symptoms clinic-
ally proved to have capillary microscopic results as
'&escribed for Raynaud syndrome. The objectivity of
these complaints was achieved through a determination of
the rewarming time required after exposure'to the cold
and by measurement of the skin temperature after adap-
tion to room temﬁerature._ ‘

| The oscillograph and plefhyémograph reéulté,lnor-
mal in all casés, leads to the suspicion that the origin
of the given complaints is not in the area of the large
arm arteries. Indeed, the arteriographic results show
changes especially in the area of the finger and hand
arteries. This corresponds to the changes which occur
in the Raynaud syndrome of different types (19), but
are even less distinct than that of progressive sclero-
derma, As far as is yet possible to judge from the

small number of patients examined, a relationship

exists between the amount of exvosure and the extent

of the anpiographic results, Thus, the most complex

changes were seen in a patient who was exposed for

gLLiElL SBY
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over eleven years. .
The eye backgrounds of six patients were insignifi—
cant, and those of the other four patients could not be
uniformly intrepreted.
The opthalmddynamometric results, indicating intra-
cfanial spasms or respectively vessel resistance, in two’

of the four patients examined could represent the fact

that similar vessel changes as described for the extremi-

ties are also present in the brain,

3, X=Ray Examinations

X-rays were made of the skulls, thoraxes, and upper

and lower extremities as well as of the shoulder and

peovis., The pathological results are reproduced in Tablé 3.
The most noticeable alterations -~ which until now

have been determined to bhe the main symptom of the Yoccu-

pational disease acroosteolyses" = were present in the

hands: Six patients exhibited typically striped or band=-

like osteolyses in the end phalanses, In some cases the -

Proc. unguicularis, separated by osteolyses, proved to
have additional fragmentation (Fig. 6). In these cases,
tingers 1-3 of both hands were primarily affected. Six

patients proved to have bone defects on the edges of the

proc. unguiculares and five had a diffuse bone atrovhy

of the hand skeleton. One patient had acroosteclyses

in addition to clear funsgus-like widening of the Proc.

unguicularis, widening of the shaft and shortening of

' the end phalanx of the finger. Furthermore, thickened
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Table 3. Bone changes in ten patients afflict d with

the so-called vinyl chloride disease.
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Osteoporosis
(Atrophy)

Edge defects
(Proc. ung.)

Band-like'osteo-

lyses (end pha-
langes)

Osteoporosis
(Atrophy)

Edge defects
(Proc. ung.)

Band-like osteo=-
lyses (End pha-
langes)

Arthritis

Bone cysts
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Fig. 6.

20 )

.
Band-like osteolyses of the fingertip
phalanx 1=3 of both hands and cystic
brightening of the end phalanges in the
reg_ion of the Proc_‘. unguicularis of the
fourth finger, left,
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- areas existed on the transition of the Proc. unguicularis

to the shaft. In the foot skeleton, unspecific changes

as atrophy and small side defects were apparent in four

cases in the Proc. unguicularis. In one case, typical

edge separation existed in both big toes of the Proc.

unguiculares. The iliosacram joint of four patients

-exhibited indistinct conture and sclerosis. In five

cases, numerous cystic bright spots in the area of the

Caput humeri and the Proc. styloideus ulnae were appar=-

ent. In addition to this, skeletai k-raxs of 72 other

PVC employees were evaluated. In these x-rajs, three

cases of bone atrophy, respectively osteoporosis, were

revealed, as well as four cases of small edge defects

of single Proc., unguiculares. A complete representation

and discussion of the x~ray skeletal alterations were

published in another work (32). )

Band-like osteolyses found in PVC-employees has

been described by countless authors (5,7,9, 10, 16,36). .

This impressive picture has given this disease its

Anglo-American name. Acroosteolyses has, in additionm,

been described in numerous other diseaée. These occur

" in familiar osteolyses, daktylolyses spontanea (Ain-
hum), Lepra mutilans, s&ringo myelia, mutilating arthri=-

tis psoriatica and acroosteolyses described by von Harnasch,

Here, hdwever, they may be neglected, differentially
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diagnostically (31, 32). Although band-1ik acro-

81.1€1 SBH

osteolyses has also been described -in progressive

scleroderma (2), the borderline is clearly possible

to determine (31).

 There is also data existent for the aforementione@

bone édge defects, for osteoporosis, aﬁd-the sclero—-

derma of the ileosacral joint (10, 16), However, due

to the small patient collective, it is not possible to

5udge if the striking amount of bone cysté found in

our patients is characteristic of this disease descrip-

tion. As to the idea of the "Question of Reversibility"

of acroosteolyses, this has already been discussed and ' -
~ published as a résult of the ten-year course of this

disease in a patient (23, 31). According to those results,

the osteoiytic process in the end phalanx progresses from

the distal to the proximal. At the same time, this re-

sults partiallﬂin a bone build up in the area of the

Proc. unguiculares and the sintering into "fractured

pieces." The end phalanx remained shortened and did

not result in a Restitutio ad integrum,

4, Blood producing and Coagﬁlating Systenm

The following examinations were carried out on all
patients: Hb, HbE, erythrocyte count, reticulocyte count,
leukocyte count, differential blood picture, thrombocyte

count, coagualogramm (Institute for experimental Hema-

tology and Blood Transfusions, Director: Prof. Dr.H.Egli),
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Sternal punctures were made in 5 patients (Medical
Clinic, Director: Prof, Dr. H.-J. Dengler).

No pathological changes were evident in the red

blood picture. Seven patients proved to have a slight

6LL1EL Sy

reticulocyte between 16 and 26 %. The leukocyte gount _
was under the normal (between 3200 énd 3950 1eqkocytesd41)

in four patients. The differential blood piclure was
.not certainly pathologically changed in any patient.
The bone mark examinations offered no indication of dam-
age to the blood building systems. Egpecially here,
the signs of an osteomyelosclerosis, respectively fibro-
sis, were missing. N _ _
_ 411 ten patieﬁts proved.to‘have'élcleaf-thrombo;yto-
penia. The values repeatedly lay between 63,000 and
119,000, with one under the normal of 150,000/ul.
Mainly.normal values were found in the determination
ofvthe plasma coagulating factors. In one case, Factor VII
was slight and Factor X was moderately lessened.
The most noticeable. result of these examinations
was the decreased thrombocyte count of all patients.
The bone mark examinations, with entirely normal results,
gaﬁe no indication as to the disturbance of thrombocyto-
. poiesis. The thrombocytopenia must therefore at least
partiallq be traced back to the regularly present splen-
omegaly. Even so, the light reticulocytosis in 7 cases
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and the indicated 1 ukopenia (in 4 cases) may be indicated
in the sense of hypersplenism,

A substantial disturbance
of blood coagulation may not be established due to the

nature of the examined factors.
.5.

Liver and Svleen -

Three patients complained of repeated pulling or .
hiting pains in the left upper abdomen, and one patient

reported pain in the right abdomen and a "feeling of full-
ness". Four patients denie& totally the use of alcohol,
and the rest of the patients reported occasional use of
beer and wine., No patient had taken long-term medications,
In the clinical examination of &ll the patients, no
liver was noticeably enlarged, The spleen was distinctly

discernable in the right side, in or around the height of
the left rib.

The following laborator§ tests were carried out as
a control of the liver function:

BSG, Electrophoresis,
Takata reaction, bromsulphalein (BSP,-Test), SGOT, SGPT,

alkyl and acidic phosvhatase, LDH, cholinesterase, direct

and indirect bilirubin, and plasmatic coagulating factcr,
immunoglobuline, complement fraction beta 1A.

A stomach-intestinal passage intigraphy (Radiolog-~
ical Clinic, Diréctr, Prof. Dr. P. Thurn), and a liver

and spleen intigraphy (Dr. Schneider, Institute for

Clinical and Experimental Nuclear Medicine, Director:

Prof. Dr. C, Winkler) were conducted on all patients,
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In two caséa a laparoscope with aimed liver punction (Med-
ical Polyclinic, Bonn, Committee Chairman: Prof. Dr.
Kessier) was carried out. With the help of x-rays of
the esophagus, stomach and small intestines, esophagus
varices were found in one patient. The scintigraphic
examination showed a clearly enlarged (7 patients) and
slightly enlarged (2 cases) spleen. The spleen was
normal sized in only one patient. 1In no case was the
liver enlarged, The activation distribution pattern
was loosened in all patients in the area of the liver.
The BSG was normal in numerous controls. -
The electrophoresisdiagram was unobtrusiée in the
' normal total albumen of seven patients. In the other three
patients, a slight decrease of the beta globulin fraction
was observed (5-7 relative %).

The Takata=-sample was normal in all ten patients,

As a result of the plasma coagulating factors, there was

L2LIEL SBYH

no indication of a decrease in liver synthesis perform-
ance in 9 cases. One patient proved to have a slight
decrease of Factor VII and a moderate decrease of Fac-
tor X, The cholinesterase showed.a moderate activity in
all cases., The transaminase values of 9 patients were
in the upper borderline area, or slightly increased.

In one case, the& were normal, In two patients the basic

and acidic phosphatase was increased, and in one patient
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th LDH and direct bilirubin were simult&heously in-

creased. This was noticeable because the slight to
clearly increased BSP retention is quite contrary to
the relatively low dgree alterations,

In the histological examination of the liver punc-

_tures, one patient was found to have a slight periportal

fibrosis, and another a slight liver parenchyma damage.
No indication of a floride infection or a cirrhotic
reconstruction was present. The important results are
assenbled in Table 4.,

| With the summarized considerationé, complete with

respect to the liver functions, we could determine: Al-

" most regulady, the results show the serum-transaminase

is slightly increased. This may well be a sign of slight
liver parenchyma participation. This is particularly
true because no deviations whatsoever from the normal
were found in the electrophoresis (with the exception

of a decrease of the beta globulin content of some patients),
the plasmatic coagulating factor, the enzymes (LDH, alkyl
and acidic phosphatase, éholinesterase), and in the
bilirubin content of the serum of 8 patients, In two
cases, an interim increase of alkyl and acidic phos-
phatagse with one patient and LDH and alkyl phosphétase
with a weak positive proof of bilirubin in the other
patient could be proven to be a sign of liver parenchyma

involvement, However, normal albumin-gammaélobulin : ;
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Table 4, Clinical, chemical, serological, and histologi=-
.. cal results of the liver and spleen of ten patients

afflicted with “co-called vinyl chloride disease."
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relationships with normal eggwhite in the chemical

-laboratory results are evidence against chronic liver

damage, and also against cirrhosis. Because of the totally
normal parenchym structure, at this point there is no
histological basis for a fattening or cirrhosis recon-
struction of the liver.

The moderate increase of BSP-retention of 12-26 %
found in five patients is unexplainable in connection
with the remaining liver function values. This is not
explainable solely through the small increase in SGOT
and SGPT. According to a differential diggnosis, a
fatty or congested liver would be possible. ﬁut
clinical indications for both diseases are absent, and in
addition, a congested liver resulting from right heart
insufficiency may be eliminated as a result of x-rays
and on the basis of the previously discussed histolog-
icai examination.,

The BSP secretion gave information about the excre-
tory liver cell performance. But, as this is also depen=-
dent on liver ecirculation, the following may well be
true: a decrease in circulation originally resulting
from a periportal fibrosis leads to an increase in BSP
retention in the "so-called vinyl chloride disease."

In addition, splenomegaly (regularly present with
only one. exception) must be seerftlosely connected with

the changes in the liver, in our opinion. Indications
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of a splenomegaly, in the framework of acute infections,
are completely missing., A closer representation would

be splenomegaly with intrahepatic conditioned portal
hypertension, a so-called hepatic block. Due to the above
considerations of the histologic results of periportal
fibrosis, this may deal with an intrahepatic presinusoid-
al block. Pressure measurements (blocked liver vein

. pfessure and int:aspleen pressure) were not conducted,

it is true, but for the most part the scarcely or

" only slightly diminished liver functions and the regular

parenchym construction of the liver as well as the ab-

~ sence of heart i@sufficiency speak against fhe'presencg
of a postsinuscidal dlock. It may be presumed that the
pressﬁre in the portal vein in all patients except one
is not substantially.raised,as a hepatofugal circulation
with esophagus varices only came to the forefront in one
patient, In spite of this, the changes in the liver could
already lead to a presinusoidal block with secondary
splenomegaly, as no strict relationship exists be=-

tween pressure and spleen size, No splenomegaly may

be proven when as yet no portal tension is present (4).

A hypersplenism results by means of the splenomegaly,
that is, a strengthened blood moulting with a cell decrease
in the periphery, which is indicated here by a strength-
ening of the existing thrombocytopenia, a tendency to-
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wards leukopenia, and néw and again a slight reticulof
cytosis. On the basis of the previously considered re-
sults, it can not be explained if the splenomegaly
causes only a presinusoidal block or if the fibro-
sation occurrences in the spleen itself are also a
result of this. |

6. Lungs _

A complete anamnesis was made of all patients, with
consideration given to, the smoking habits. 4 clinical
examinafion was carried out and x-ré&s of the thorax
completed. In all ten patients a restiné spi:ometry
and a plethysmography of the entire bbdy was made, and
a blood-gas analysis conducted for nine patients (Prof. S.
Schwabe, Medical Clinic, Director: Prof, Dr., H.-J. Dengler).

In the clinical examination we determined a deep |
percutaneous emphysema in one patient and slight breath
delay at the lung borders. In one patient the x-rays
of the thorax exhibited a strengthened lung picture on
both sides and a thickened Hilus left, The tﬁorax X=
rays of the other nine patients were normal.

Indications of primarily restrictive changes in
eight patients were found in the examination of the lung
functions (spirometry, plethysmography of the entire
body). .

In five patients, a slight to moderately heavy hypox-
emia with a decrease of the Péa up to 62 mm Hg resulted
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from the partial insufficiency.

The presence of a partial insufficiency in connec=-
tion with the spirographic results indicating primafily
restrictive changes speaks for the presence of a diffusion
disturbance, as is found in beginning diffuse lung fibro-
sis., This then raises the question that similar changes
may occur in the lung tissue as are shown in the colla=-
gen and elastic fibers of the skin tissue.

7. Immunolony Results

| The serogical examinations were carried out on all
patients: determination of immunglobulin IgG, IgA, and
IgM as well as the complement fraction beta IA, with
the help of radial immune diffusion; examination of
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antinuclear factors (Medical Clinic, Director, Prof,

Dr. H., J. Dengler) and LE-cells; examination for the.
presence of CRP, streptococcus antibodies (ASL-Titer),
rheumafactors (Latex and Waaler-Rcse test), and cold
agglutinin, Furthermore, the direct and indirect

Coombs test and Lues seroreactions (Wa.-R.: KBR with
cardiol%pin, KBR with beef heart extract; flocculation
reactions: VDRL test, MKR II) were carried out. As

is shown in Table 4, all patients were found to have
deviations in the immunglobulin fraction: in one patient,
the IgG was increased; the IgG and Igﬁ in three patients;
the IgG, IgA, and IgM in two patients; in a further
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patient only the IgA was inéreas d. Oné patient had‘a
slight Ig8 increase with a simultaneous slight decrease
of IgM, and in one case the IgA was decreased. In three
cases, the complement fraction Beta 1A was on the lower
normal borderline, and in one case was slightly decreased,
Antinuclear factors and LE-cell phenomona‘could not be
praven in any case. All other examinations had normal
results,

As antinuclear factors, LE~cells or positive rheu-
maserology were not found in any patient, and in addition,
BSG, electrophoresis and Crp gave no indication of acute
infection, one can consequently eliminate the possibility
of an autoimmunity disease. A

The deviations in the immunglobulin fraction could
best be connected with existing liver parenchym damage.
Moreover, the IgA and IgM values attained were as those
from patients with an uninfectious fat liver or respective=-
1y inactive alcoholic liver cirrhosis (13, 14). In
contrast to these diéease desgriptions, the IgG is
clearly increased and achieves values which could |
also be attained with active alcoholic liver cirrhosis.
Accordingly, the changes of the immunglobulin fractions
were indicated in connection with the chapter wLiver/

Spleen" as an expression of a chronic-toxice damage'tg the

liver with a gradual differentiating infectious partici-

pation of the mesenchym. The low values of the comple;
men
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fraction Beta IA found in four patients ‘are particular-
ly worth noting. From these values, and on the basis
of the other resulté, a complement fixation process
‘can not be considered. A closer approximation would
be that this globulin is formed in decreasing amounts
because of the respective liver parenchymn damage.,

8. Further Results .

In addition to the p;eviously mentioned examinations,
ﬂhe sober blood sugars, ﬁest-N, creatinin, uric acid,
sodium, potassium, calcium, and chloride were deter-
mined in all patients and the urine tested for protein,
sugar, bile color and pH-values as well as urine sedi-~
mentation. Onlf normal results were obtained.

| fhe results of the thorough neurolomical examination’
of the patients will be reporped at a later date.
9. The so-called vinyl chloride disease without acro-

osteolyses and clinical skin changes.

The internal results of the ten previously examined
patients helped us become awére of three other patients
whose symptoms, although exhibiting no clinical skin
changes and no acroosteolyses, indicated obvious con-
currence with the previously détermined internal results
found in this disease. .The most important results will

be placed in a short casuistic,

F, 5., 52 years old, employed since 1957 in the autoclave

6CLLEL SBY
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room of a PVC manufacturing plant. Sinc the beginning of

the 60's, has experiencéd increased dizziness and numb-
ness, and in the last year strong pressure in the upper
abdomen. Dislike for fatty foods. -About two years ago,
distinct sensitivity to cold in the fingers, slightly less
in the feet. =May 16, 1972, esophagel varices bleeding,
May 18, 1972 received in Surgical University Clinic,
Bonn, The laboratory results obtained there: thrombo-
éytes 73,000441; electrophoresis 0.B., slight decrease

of plasma coagulating'Factors v, VII, aﬁd X, X-ray re-
sults: MDP and esophagus: esophaged varices in middle
and lower third esophagus. Stomach fundus varices. Per-
cutancus splenoportography: intrahepatic block, collat-
eralcirculation over the vena coronaria ventriculi.

~-June 8, 1972 - splenectomy with establishment of a
splenoral anastomosis. Intraoperativ raiszed liver and
spleen diagnosis: spleen clearly enlarged, the liver
surface slightly uneven, but not representative of a typi-
cal cirrhosis, No distinct signs of high pressure in
the portal vein. Only slight degree raised pressure in
arteries, veins, liver, spleen. Macroscopic and micro-
scopic diagnosis of liver and spleen (Pathological Insti-
tute, Director, Prof, Dr, P, Gedigk): Liver - a slight
fidbrosis of the portal fields, next to an insignificant

flock~like fat increase. Any statement concerning the
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tiology of th fibrosis is no longer péss;ble. No
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- clues were present indicat;ng a chronic hepatitis or
cirrhotic alteration. Spleen: a 300 g heavy, 15x 7 cm
large spleen., Histologically, this deals with a chronic
blood congestion in the spleen (so-called fibroadenia of

- the spleen). In section cuts of the spleen hilus, there

are recent obstructive thrombus within the spleen veins.

Postoperatively, the thrombocyte count rose to 504,000/ l.f

We have carried out controi experiments since Oct, 5,
1972. Thrombocyte: 97,000/ 1, total protein electro-

. phoresis 0.B., transaminasis in upper normal range (sGoT
17 and 19 mU/ml, SGPT 15 mU/m]1), acidic and alkali phos-
phatase 79 and 83 mU/ml)., BSP test, 16.7 % retention
after 45 min. Serological Examination: CRP slightly

positive, IgG 2960 mg %, IgA 820 mg %, IgM 220 mg %,

complement fraction Beta 1A 99 mg%. Lung function and

blood analysis: indicates a moderately restrictive
ventilation obstruction, slight lung emphysema, partial

insufficiency., Temperature measurements (arms): on

both sides, distal of the hand joint, a temperature
deficit, which was 4=7° C on the end phalanges Histol-
ogical results of a sample excision of the right hand:

Narrowing of the epidermis and basophile degeneration

* We thank the Surgical Clinic, Director: Prof. Dr.
A, GUtemann, for their willing relinquishment of the
case histories. '
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of the collagen fibers in the upper corium, a sign of
senilevdegeneration. In thé middle and lower corium;
no far reaching alterations of the collagen and elas-

tic tissues were evident,

LeM., 51 years old, employed for 11 years in all rooms
of the PVC manufacturing plant, has cleaned autoclaves
only seldom. ~1962, period of medical tretament due to
heﬁrt pains and lumbago. At that time, no pathological
liver and spleen diagnosis was clinically obtained. Since
1968, increasing pain in left upper abdomen and since
this time, spleen enlargement is evident. |

.In 1969, diagnosis in the Medical Polyclinic and
Surgical Clinic, Medical Polyeclinic: splenomegaly, .
liver function disturbance with BSP retention of 10 %
after minutes, but otherwise with unobtrusive liver
chemical values., Thrombocytopenia of 44,000 thrombo-
cytes/ 1 and slightly extended bleeding period. OCf
the other laboratory values, only the electrophoresis
showed a deviation from normal values with a moderate
increase of Beta-globulin to 15.4 rel, %. Sternal
punctures unobtrusive, x~ray examination of the extrem-
ities: no indication for osteomyelosclerosis. The
origin of the splenomegaly could not be explained,

Surgical University Clinic: intrahepatic block,
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probably with liver parenchym damage and initiai develop~
ment of esophageal and stomach fornix varices (spleno-
portography, liver and spleen scintigram).

In 1970, the examinations in the Medical Polyclinic
resumed: spleen‘enlarged, as compared to x-rays of 1969.
Throﬁbocytopenia between 46,000 and 81,000 thrombocytesfil,
BSP test: 5.3%retentiofi after 45 minutes. Other labor-
atory values, including the liver chemistry, had results
in the normal range.l Lanarosconxﬁ Distinct spleno-
megaly. As a whole, the liver was not enlarged and
exhibited a brown-red color. A fine - wavy surface relief
was impressed, which resulted in a somevhat colorful
picture due to capsule fibrosis as well as a clearly
increased blood and lymph vessel picture. No certain
signs of parenchyma stfuctural élteration were present.

Liver histolosy: moderately strong periportal fibrosis.

A statement concerning the genesis is not possible.

Esophagoscove: beginning esophagsl varices, Ster-
nal puncture: o0.B.

In October, 1972, examinations in the above named
clinic: Anamnesis: further pain in left upper abdomen,
especially with bending and at meaitimes; Dizziness and
feeling of unsteadiness which emerged daily and lasted
up to one-kalf an hdur{ Hearing loss, strong inner

unrest, - Clinical Results: spleen extended palpatori- \
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cally almost to the left pelvic ridge. Oth rwis no

clinical deviations from the norm. Laboratory Results:
normal red blood picture, a reticulocytosis of 16°/oo,
leukopenia of 2350 leukocytes/ul, normal differential
bloéd pictﬁre, thrombocytopenia of 30,000 thrombocytes/ul.

Liver Chemistry: total protein, electrophoresis, Taka-
ta=Ara reaction, SGOT, SGPT, alkali and acidic phos-

phatase, direct and indirect bilirubin in the normal

" range. BSP test, 13 % retention after 45 minutes.

Coagulating factors: .slightly extended thrombin period,
prothrombin, Factors VII and X moderately decreased.
Serological Examination: IgA 600 mg %, 1gG 1600 mg %,
IgM 200 mg %, complement fraction Beta 1A, 84 mgh., No

proof of LE-cells, anti-nuclear factors or cold agglu-

tinen., CRP, ASL, latex fixation, Waaler-Rose test, and

the classical Lues-Seroreaction o.B. Lung function exam-
ination (spirogram, entire body plethysmogram, blood—gas
analysis): indicates a restrictive ventilation obstruc-
tion with slight partial insufficiency. MDP: dindicates
a low=degree esophagus varices, esophagastric hiatus her-
nia, deformation of the Bulbus duodeni, large spleen, no
proof of a ulcer or tumors in the stomach or duodenum.
Histolozic results of a sample excision of the right hand:
thickened collagen fibers here and there in the lower
corium and strong rarefication of the elastic fibers.,

Otherwvise, no noticeable results,
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B.X., 47 years old, employed since 1954.in a PVC manu-
facturing plant. In 1954-56, employed as autoclave clean r
for one and one-half years, and again in 1968 again for
three months. Otherwise mainly‘employed at the screen-
ing installations. Experienced cold sensitivity and much
shaking in the hand for 1 to 2 years. Experienced synco-
- pal=like dizziness and numbness for 2 to 3 years. Notice=-
able tiredness; slowing down, and forgetfulness, slack-
ening of libido for 4L to 5 years. ‘In 1969, bleeding
duodenal ulcer with “tar" stools. Nonsmoker. In April,
1970 and Oct.,-19?2, renewed ‘“'tar" stools., Due to numer=
ous bleedings during the stationary treatment on Oct. 31,
- 1972, a two-thirds resection of the stomach according to
“Billroth II was carried out; sufficient emptying of
ascites. Liver: macroscopic: cirrhosis-like changesj
vmicroscopic (Pathological Institute, Director: Prof.

Dr. P. Gedigk): slight increase of the tissue and a

thin round-cell infiltration of the portal field., No
proof of chronic hepatitis or cirrhotic structural

alteration.

gel1El S®BY

From Dec. 11 to 21, 1972, stationary at the Skin
Clinic. Clinical Examination: spleen clearly palbable
underneath the left rid joint, otherwise no important

pathological fiﬁdings. Laboratory Examinations: Light

hypochiomic anemia with a normal differential blood
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pictur thrombopenia with 90,000/41 with slightly

lengthened thrombin period and a decrease of Factor X

in the blood diagnosis. Liver Chemistry: BSP test, 15;6%
retention after 45 minutes; electrophoresis, trans-
aminase, LDH, alkali and acidic phosphatase, bilirubin,
irbn, and éopper in the sérum, all in normal range.

Other Examinations: Electrolytic, Rest-N, classical
Lues~Seroreaction, all normal. X—Ra# Examination (MDP

_ and Esophagus): esophagus and stomach fundus varices.

Liver and spleen scintigraphy: strong atypical config=-
ured liver wifh enlarged left lobe. Spleen significantly
enlarged with strmgly/increased colloidal storage.

Lung function and bloecd analysis: small lung emphysema,

partial insufficiency. Temperature measurement: Temp~

erature deficit distal of the hand joint on both sides,
on the end finger joint of both sides, deficit of 10° Ce

Histolomical Results: from a sample excision of left back

hand: orthohypercytosis, constricted epidermis. The
entire collagen fibers in the middle and lower corium
showed a significant insufficiency of nucleus and homo-
genization, which increases in the deeper corium. In
contrast to that, the elastica coloring shows an unob-

trusive structure of the elastic fibers.

All three patients had worked between 11 and 18 years-
that is,fbng-term—at the same PVC manufacturing plant in

various capacities. Their main subjective complaints
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during the past years included numbness, dizziness,
pressure or pain in the upper abdomen, and increased
sensitivity to the cold in the hands.

Some of these complaints were also reported by the
‘other ten patients. ' In the recorded internal results,
a great deal of concurrence was seen between the group of
ten patients and the aﬁove three patients. On the"

basis of skin temperature measurements, two patients

proved to have a lessened circulation in the hands;

All three exhibited a dec;eased arterial 02 saturation
as the expression of a partial insufficiency in the lungs,
which gave an indication for the existance of.a re-
strictive ventilation disturbance and lung emphysema
found in the lung function examinationms.

The clear thrombocytopenia (and in one patient, a
simultaneous leukopenia resulted), liver damage, and the
characteristic spleen enlargement were particularly im=-
pressive.' The liver damages were also evident in the
laboratory examination of all three patients by means
of a clearly raised BSP retention, in which only one
patient had a simultaneous increase of'transaminasis
and the alkali phosphatase., The deviations in the
coagulating factors and the immunglobulin fractions,
as well as the decrease of tﬁe complement fraction

Beta 1A,'like'.vise correspond to the results found in

the other ten patients,
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Pathologically-anatomically, the liver of the three
patients proved to havé‘a fine-waved surface relief |
macroscopiéally, and in one patient, there was capsule
fibrosis and increased blood and lymph vessel view,
Histologically, a more or less strongly characteristic
fibrosis of the peripoftal fields was found in all
cases which had lead to an intrahepatic block(proven
in one patient with a splenoportography) and with that,
the formation of esoPhagus and stomach fundus varices.

These characteristic liver alteratlons, in connec-
tion with the characterigtic splenomggaly and thpombo-
cytopenia as well as the lung function disturﬁances lead
to the conclusion that this likewise deals witﬁ the so-
called vinyl chloride disease, and shows, in contrast to
the other characteristics, the serious prognosis of
this disease in the advanced stages. In two patients,
this resulted in esophagus, respectively stomach, fundus
varices, for which a splenoral anastomosis was perforﬁed -
after a splenectomy in one case and in another case a
two-thirds resection of the stomach was undertaken.

The disease progression was clearly evident in the

third patient, for in that case it has not yet resulted
in esophagus varices blééding. During the past two years,
the patient has experienced further enlargement of the

spleen, the thrombocytopenia has become more distinct,
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~ and in addition, leukopenia has set in.

The reason these patients with such deep-lying dam-
ages of the parenchymatous organs have passed over the
c¢linical and histological skin changes. typical for the
so=called vinyl éhloride disease (no acroosteolysés
was proven), may possibly be explained by the type of
eﬁployﬁeht'in the PVC polymefization process. This
shall be discussed in more detail in the following.

ITI, Job Conditions

What is then the suspected origin for the above=-
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- described disease? This question can only be answered .

PR .

throush an analvsis of the mamufacturing rrecess of

vinyl chloride to polvvinyl chloride, and the materials

used there as well as the by-and intermediate-products
and the compounds resulting from these,

The end product, vinyl chloride (VC), was first
synthesized in 1833 and is a colorless gas at room
temperature (b.p. =-13.9° C, freezing pt., -154° C).

It is heavier than air and has an aromatic odor. In
" the gaseous state, it is easil& infiammable. The
narcotic effect was proven early (29). Vinyl chloride
may not, however, be used as a narcotic because it leads
to a‘disturbance of the heart rhythym in the concentrations

necessary for such an effect (28).




ovLlel S%®H

Ll
A 30-minute exposur of a 30 vol% Ve giv n to rats

and guinea pigs lead from a narcotic stage to death. (26)
Congested lungs, lung edema, blood congestion in the
liver and kidney and a decreasedlblood coagulation was
viewed autoptically. In long-term experiments conducted
at low concentrations (200 ppm daily for 7 hours over 6
months) given to rabbits, sentrolobular degeneration and.
necrosis with f&amy vacuolization was present in the

liver. Furthermore, periportal cell infiltration was

also present (34). Recently, it was reported that in
long-term (12 month) exposure of rats to VC, tumors ”
of th; skin, lung, znd bone resulted. (35)

.Acute intoxication in industry due to VC hgs sel-
dom been observed. Reports of a reversible dizziness,
slight diéorientation, and burning in the feet have been
made by two workers who received 2-5 % VC for three
minutes (11).

Three cases of poisoning have become known from
Canada, in which VC-gas was determined to be the origin
in two separate cases (8). Intense stupor and decreased
blood coagulation were found to be symptoms, One of
the two died., A third died while cleaning a tank for
ten minutes., The exact details of death could not be
exactly determined in this case. Vinyl chloride leads
to a toxic alteration of the skin similar to that of a

second degree burn (15),
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On the basis of the previously described animal'
experimental results, the maximum on~-the-job concen~
tration (MAK-value) was set at 100 ppm in 1970 (18).

Different methods of production are known for the
poiymérization of VC to PVC, and in each of these methods

there are again countless modifications (6). The most

widely used method is the §g§g§g§igg_g;gg§§§. In fhis
process, deionized water is added to the reaction con=-
tainer (autoclave or reacfor), followed by numerous
additives. These additives include suspension materials
as polyvinyl alcohol, methyl cellulose, and gelatine; emul~
sifiers (sulfonated o0il); surface reactive materials
(sorbitmonolaureate); and buffer solutions (as sodium
bicarbonate, for example). Furthermore, trichloro-
ethylene may be added to give the polymer a lower moleéuf
lar weight, Catalysts are used to initiate polymeriza-
‘tion (usually organic peroxide). - ’

After the reactor is closed and evacuated, liquid
VC is pumped in under pressure. This reaction mixturé
is kept in motion by meéns of a rotating propellor and
by the warming of the reactor walls to 50 = 55°C. As
the polymerization depends upon the addition, it must
later be cooled. Depending on the degree of polymeri-
zation and the desired molecular weight of the end pro-

duct, thée process is interrupted and the excess VC is
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pumped to a gasomaeter for reuse.

From the initial sfeps in the production of PVC up
until this stage, the process takes place in a closed
system, from which no gas escapes under normal circum=-
stances. In the further production processes of the reac-
tion mixture and in the cleaning of the reactors, VC
and other gas-forming substances may escape, which the
workers then inhale,

- The reaction mixture is pumped into a mixture con-
tainer after the VC is suction-pumped from the autoclaves,
There, the excess VC is again removed by means of a vacuum
pump, Afterwards, the mixture is carried to a supply

bin, from where it is sent to the_cenirifuge. The poly=- -
mer is separated here from its aqueous phase, Finally,

the polymer is dried in kettles, and separation according
to particle size takes place in the screening installation.
The finished powder-like polymer is then packed in paper
containers or transported in tank cars.

After the reaction mixture has been removed, the
autoclave is opened and sprayed with water with the use
of a high pressure handle. If it is not clean after such
treatment, the autoclave is again filled with water.

After the water is let out, one or two employees enter
the autoclave and remove the numerous, vefy solid coat-
ing from the wall with trowels, or sometimes with haﬁmer

and chisel, These so-called gutoclave employees are thus
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not solely employed‘in the autoclaves but also work on
‘the ceﬁtrifuges, the dryers, and the screening equipment,
as well as the packaging of the polymer.

In addition to the industrial use of the here=by

described suspension process, the emulsion process is

also used in plants where some of the examined patients
worked, This process serves not only to ﬁroduce the
hombpolymer PVC but also the mixed polymer polyvinyl
acetate. The polymerization is likewise carried out in
autoclaves, but in contrast to the suspension process,
other additives (emulsifiers) are added. The reaction

mixture is not conducted to the centrifuge and drying .

' equipment after the gas is extracted but sprayed in a

nozzle over storage tanks, in which hot air is present.
The.polymer contained in the sprayed emulsion droplets
are thereby directly dried and are precipitated on the
filters. The gases contained and the steam formed from
the heat are blown free. Screering and packaging of the
polymer-fOIIOWS as in the suspension process.

In the course of the processes which lead to the

‘polymerization of VC to PVC, VC and other gaseous com-

pounds enter the air of the work rooms, With each
autoclave cleaning conducted with a water pistol, re-
sidual gas escapes into the working area, Although no

measurements of work level concentrations of the gaseous
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compounds are available, it may be assume that thes.
would be present in significant amounts. At times, con-
centrations are obtained which produced a pre-narcotic

syndrome in the autoclave employees. This syndrome con-

‘-sists of stupor,'diZZiness and nausea,

However, a moderate amount of odor-perceptible gas
also émérges from the centrifuge, the storage and ﬁixing
tanks, and tﬁe spraying‘towers as well as the connections
carrying to and from and the drying and screening -
equiﬁment. Also, the cleaning of the inner autoclave
walls with trowels and chisels present oppoftunities
for the workers to be exposed to gaseé diffusing from
wail precipiﬁates or those found as underground polyﬁer
precipitates. After ventilation of the reactors, 50
to 100 ppm were measured (6). The air analysis in the
region of the inner reactor walls, that is, in the region
in which the employees' hands and face are exposed,
reached concentrations of 500 to 1000 ppm.

However, the larges# amount of gas is released by
leakage (for example, in the ventilation) from the ex~
posed autoclaves. This can only be eliminated after the
reaction process is completed and by insufficient VC
recovery after cessation of polymerization. Presently,
there have been only single examinations concerning the

degree of cleanliness of the utilized VC and the quali-
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tative and quantitave composition of the gases present

after completion of polfmerization in the autoclaves.,
There is, however, no doubt that the dominant vortion
consists of vinyl chloride. The chemical analysis of the
reéidual gas from the autoclaves gave the following
composition (the method applied was not reported): ‘

90 % VC, 8.5 % CO,, small amounts of vinyl acetate,

trichloroethylene and nitrogen, traces of argon (8).

IV, Discussion

In the previous sectiomns, the examination resultg
of 13 employees of PVC manufacturing ihdustries were re-
_ ported. Countleﬁs serious diagnoses of the different
organ systems, described for the first time, were brought
up. (Table 5) From these results, it could be deter-
miﬁed that the characterized disease symptoms can no
longer be sufficiently described by the previously used
term "occupational acroosteolyses."

A slight to severe thrombocytopenia was found in
all of the examined patients. Twelve of them were found
to have a slight to defined splenomegaly. On the basis
of laboratory-technical examinations, restricted liver
functions were proven in 11 cases which histologically
corresponds to a periportal fibrosis. Esophageal varices
had formed in four patients, caused by the periportal

fibrosis and the resulting portal hypertonia,
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Table 5. Compilation of the important diagnos s of all
' examined patients.with the so-called vinyl chlor-
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‘Patient

Skin changes
a. Clinical

b. Histolog.

Circulation Disturb-
ances

Bone Alterations

Thrombocytopenia

Splenomegaly

Liver Changes

Ventilation and/or

diffusion obstruc=-
tions
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The changes in the respiratory tract were conspic-

uously numerous., The majority of the patients (eleven)
proved to have functional disturbances in the sense of
partial insufficiencies and gave indications of mainly
restrictive alterations,

Circulation disturbances of the hands and .feet up to
the Raynaud syndrome were given as the first symptom ﬁy
almost all patients and could be objectively judged in
eleven cases., The scleroderma-like alterations of the
skin in the arm region, typical for this disease, could
be observed in 8 cases. MNo strict relationship existed
between the amount of circulation diséurbance and the

. dlstinctness of the skin changes.

Acroosteolyses has given this disease its name, es-
pecially in American literature, and we saw this in 6
ratients., Up until this point, acroosteolyses and
Raynaud syndrome had been given the central position
in the disease diagnosis, Other authors placed the
disease occurrence at 3-5 % of the employees, We
could confirm this statement, in regard to the Raynaud
syndrome and acroosteolyses symptoms. Yet, with re-
spect to the internal results of our examinations, it
may be assumed that the death rate is significantly
higher. In our examined patients, this would lie at

10 % of the employees employed at the plant, although
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The changes in the respifatory tract were conspip-
uously numerous. The majority of the patients (eleven)
proved to have functional disturbances in the sense of
partial insufficiencies and gave indications of mainly
restrictive alterations. .

Circulation disturbances of the hands and-feet up tc'
the Raynaud syndrome were given as thelfirst synptom by
almost all patients and could be objectively judged in
eleven cases. The scleroderma=like alterations of the
skin in the arm region, typical for this disease, could
be observed in 8 cases. No strict relationship existed
between the amount of circulation disfurbance énd the
distinctness of the gkin changes,

Acroosteolyses has given this disease its name, es-
pecially in American literature, and we saw this in 6
patients, Up until this point, acroosteolyses and
Raynéud syndrome had been given the central position
in the disease diagnosis. Other authors placed the

disease occurrence at 3-5 % of the employees. Ve
| could confirm this statement, in regard to the Raynaud
syndrome and acroosteolyses symptoms., Yet, with re-
spect to the internal results of our examinatioms, it
may be assumed that the death rate is significantly
higher, In our examined patients, this would lie at

10 % of the employees employed at the plant, although
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no previous serial examination has been undertaken.,
With this aspect in mind, the suspicion voiced by some
authors that constitutional factors play an important
role in the origination of this disease may be placed
in the béckground. The toxic occurrences should be

placed foremost, The high mortality rate of mainly

6v.l€L S®Y

young ﬁen indicatés onlthe one hand an entirely special
occupational sector, and on the other, the complex
nature of the disease., In spite of the differing
effects of this disease, in which skin and bone altera-
tions or cénversely internal changes'are seen aé the
.main symptoms, a_commbn trait may be found. In all
the organ systems we examined, chahges in the tissues
or respectively the vessel tissues were always found.
The tissue alterations of the liver were particu=
larly impressive. As avresulf of an increase of collagen
fibers, a fibrosis of the portdl fields with the remain-
ing normal parenchyma structure occurs. In comparison

with this result, the small toxic changes of the liver

parenchyma becomes insighificant. It can not be present-

ly decided if the observed spleen enlargement should be
viewed as the single result of hyperportal tension or
if it is also primarily due to a fibrosation in this
organ. The four patients with the most definite spleno-

megaly exhibited esophagedl and partial stomach fundué
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varices.

The origin 6f the thrombocytopenia remains unclear.
It is certainly not solely due to the splenomegaly and
the liver changes, as this has been determined to be a
uniform symptom in oﬂe patient with a spleneétomy as

well as in a patient without liver and spleen changes.,

According to our results, we would assume the lowered

thrombocyte count is the first obijective svmptom. This

'is all the more important because the thrombocyte count

is a value that is easily determined and therby offers

. & possibility of inner-industrial procedural control.

The indiczated restrictive ventilation disturbances

- ¢ombined with hyﬁoxemia indicate that fibrosation also

occurs in the lung tissue. The skin gives evidence of

a histological increase and a thickening of the collagen
fibers with simultaneous destruction of the elastic

fiber network, The corium vessels exhibited only discret
changes in the form of edematosis swelling. In compar-
ison, the caliber constriction and segmentary osteo-
lyses, particularly in the region of the hand and finger-
tip phalanges, may be proven angiographically. Possib-
ly, the osteolysis of the fingertip rhalanges may be an
indication ¢f a trophic disturbance, Circulation dis-
turbances in the sense of a'Raynaud syndrome - which
existed in 4 of the ratients examined here - were found

in addition to numerous internal diseases as well as
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progressive scleroderma and results of toxic influences
(17). The Raynaud syndrome and the clinical and histol-
‘ogical changes of the skin are suggestive of this system~
atic disease. In progressive scleroderma, the vessels and
the tissues also become important. Although on ‘one side,
'the paralells between progressive scleroderma and the
"so-called vinyl chloride disease" are very.clear, the
iwo diseases are quite well.separateq on the other side
(23). Above all, however, there exists no doubt that

the disease described by us is occupationally dependent
and has a toxic origin. As it has already been described,
the patients havg been constantly exposed to gases be=-
cause of their occupation. These gases emerge from the
PVC synthesis, and these gases contain a mixture.of
numerous volatile substances, The main fraction con-
sists, however, of vinyl chloride (8). Other substances,
as vinyl acetate and trichloroethylene, are only present
in trace amounts. The narcotic effects of VC are familiar,
The employees examined by us anamnetically revealed that
VC periodically escapes in significant amounts in differ-
ent phases of the production process, and that this pro-
duced tiredness, dizziness, and nausea,

From animal experimentation, it is knowm that VC

.has toxic liver effects in significant. This has, among

other things, lead to a new determination of the MAK
value (18).
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Furthermore, the em rg nce of Raynaud syndrome has be n

observed in plants which produce only the monomer, and
not PVC (1, 27). In the most recent period, long-term
vinyl chloride exposure in animal experiments produced
damages in the bone construction. ' ‘
- Various authors nave determined fhe employment ih
autoclaves to be the deciding factor in the origin of
acrppsteolyses, Raynaud syndrome and skin changes., At
this time there is no knowvn patient afflicted with
occupational acroosteolyses who was not at least
pefiodically employe& as an autoclave cleaner., It

was assumed that the origin of this disease was a

‘result of the coinciding of a perinhalation or percutanous

toxic substance, the physical alferation of the hands
during the cleaning of the autoclaves,and a disposition
factor. We suspect, in contrast to that, that it is

not so much the constant microtraumatization of the hands
in manual autoclave cleaning which is the main factor

for the formation of the osteolysis but the close con-
tact with the polymerizatiorn precipitate. This contains
large amounts of the diffused VC such that the inner
reactor walls (even after previous spraying of the
autoclave with water) contain 600 - 1000 ppm vinyl chloride.
A further indication of the percutanous penetration of

VC is indicated by tha fact that we found scleroderma-
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like skin changes only in the region of unclothed skin

i

areas,

On the basis of the exbounded results and consider-
ations, we believe that the penetrating suspicion exists
" "that ong-term VC exposure is capable d?producing'a com~
Plex disease. This is expressed in the fibrosation of
the parenchyma 6rgans examined by us: the lungs, liver,
and spleen as well as the circulatory systeh. With this,
the disease obtains the character of a systematic disease
in which the prognosis becomes serious in advanced
stages. The disease thus is far wider reaching than
the previously described disease, "occupational acro-
osteolyses"., We would therefore like to eliminate this
symptomatic designaticn and propose the name "vinyl

chloride disease,"

We thank Mfs. E., Voigtllnder for the production of the
clinical and histological figures.
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Die sogenannte Vinylchlorid-Krankheit —
cine berufsbedingte Systemsklerose ?*
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Vinyl Chloride Disease

Summary. The health status of 13 workers employed for 1.75—18 years in
a polyvinyl chloride factory was studied. Eight of them had scleroderma-like skin
changes (Fig. 2) characterized histologically by thickening and homogenization of
the collagen bundles (Figs. 3 and 4) and fragmentation and rarefaction of the elastic
fibers (Fig. 5). In 7 paticnts, thickening of terminal finger phalanges resembling
clubbing was noted (Fig. 1); 11 patients had circulatory disturbances of the extrem-
ities (4 of them had Raynaud’s syndrome) and 6 patients band-like osteolyses of
terminal finger phalanges (Fig. 6, Tables |—3).

In addition to these disturbances, thrombocvtopenia was observed in all pa-
tients, in 12 patients splenomegaiy-and in 11 patients malfunction of the liver
(increased BSP retention). Histological examination of liver biopsies taken from
5 patienta who underwent laparoscopy revealed marked fibrosis of the portal areas.
4 patients had esophageal varices (Tables 4 and 5) and 8 patients showed
partial pulmonary insufficiency with signs of predominantly restrictive changes
of the lungs. .

These pathologic changes in a series of different organs are far more extensive
than the syndrome of occupational acroosteolysis already known. Long-term ex-
posure to vapors of vinyl chloride is atrongly suspected of causeing this complex
disease. Therefore it is proposed that this systemic disease be designated vinyl
chioride disease.

Key words: Occupational disease — Polyvinyl chloride productione— Vinyl
chioride — Scleroderma-like skin changes — Raynaud’s syndrome — Vascular
changes — Acroosteolyses —— Thrombocytopenia — Splenomegaly — Esophageal
varices — Liver fibrosis — Pulmonary ventilation disturbances.

Zusammenfassung. Es wurden 13 Arbeiter untersucht, die zwischen 13/ und
18 Jahren in einem PVC-herstellenden Betrieb beschiiftigt waren. 8 von ihnen wie-
sen sklerodermieartige Hautverinderungen (Abb. 2) auf, die histologisch charak-
terisiert sind durch Verbreiterung und Homogenisierung der kollagenen Faserbiin-
del (Abb. 3 u. 4) sowie Fragmentation und Rarefizierung der elastischen Fasern
(Abb. 5). Bei 7 Patienten bestanden trommelschlegelartige Auftreibungen einzelner
Fingerendphalangen (Abb. 1). 11 Patienten zeigten Durchblutungsstérungen der
Extremitiiten (4 von diesen ein Raynaud-Syndrom) und 6 Patienten Acroosteolysen
einzelner Fingerendphalangen (Abb. 6, Tabellen 1-~3).

* Die, Arbeit wurde mit dem Franz Koelsch-Preis 1973 ausgezeichnet.
1 Int. Arch. Arbeitamed., Bd, 32
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