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The January 1974 dusclosure of 'ﬂm datb hom anyo- -

sarcoma of the liver in a single vinyl chloridgpbhﬂn«hhon plant
and the attention focused on this new oct Hisease are

well known. A significant amount dm‘mm ﬁol'l'l ‘animat ex-
perimentation and obsetvation ouhwmsa:mpdmm produc-
tion of vinyl chioride followed.! However, there was,no informa-
tion regarding the possible adverse effects on employees engaged
in polyvinyl chioride (PVC) fabrication, where potential exposures
were thought to be low and to resukt from the release of unmeact-
ed monomer trapped in the resin. This issue was ‘chnsidered of
great import because of the very hrgenum ‘of warkets betieved
to be engaged in fabrication.

in March 1974, representatives of PVC™ producers who are
members of the Organization Resources Counsetors (ORC), Oc-
cupational Safety and Health Standards ‘Group, contacted ORC
about the feasibility of a study df hiliith TBWS to emplopeey work-
ing with vinyl chloride and polyvinyl.chdoride. Since. the National
Institute for Occupational Safety’ and Health- NIOSH) was con-
ducting a study of vinyl chioride and resin producing employees,
the scope of the Wom'mwuwmm of

-l me

Ty g )

complished by examining causes

'ﬁormmon. The study concentrated on

. deaths occurlim durps the ten-yeu period 1964-1973 among ac-
. pye fabricating employees plus reticess. Since it was not possible
- %D jdentify those employees with only vinyt chioride exposure, the

: study focused on, deceased employees who worked anywhere in
those phms where PVC fabrication was carriéd on. The primary

- ,,li:jectweoftlt study was to determine whether or not any angio~
-.-sarcoma deaths had occurred among employees of the fabricators

tnder study. A secondary objective was to examine the distribu-
tion of all deaths by cause.

The relatively few producers of vinyl chloride monomer and of
PYC tesin are generally medium to Iatge companies. PVC fabri-
cators, however, range from large plams of major companies to
very small job shops. Even in a large plant, there may be few em-
ployees who are in the vicinity of PYC resins. The range of com-
pany plant size and number of exposed employees help to explain
the wide range of estimates of total employment dependent upon
PV{ resins. Fabrication is geographically disbursed. with at ieast
some operation in almost every state. Typical fabrication products
include coated wire. upholstery fabrics. floor and wall coverings,
pipe and other construction materials, toys, recreational equip-
ment, phonograph records, containers and container hning, and a
myriad of novelty items. Since the fabricaton of PVC resin into
firished products is often a part of diversified product lines in a
plant, raw materials other than resin are utilized. Thus, employees
may be exposed 1o toxic agents other than vinyl chloride. Conse-
quently, in the current study, it is not possible to isolate only the
effect of vinyl chloride. Some departures from expectation may be
due to exposures to vinyl chloride, to one or more othec agents. to
some combination, of to employee characteristics other than
occupation,

Materials and Methods .
The decision to focus on a .‘_;’4..‘
tather than on an historical cohort 8  decived from several con-
siderations. First, the primary stud tive was to determine
refatively quickly whether or not any angiosarcoma deaths could
be identified among the sudy group, and this was best ac-
'og death among relatively recent

tional mortality study
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{ie.. past ten years) decedents. The desirability of identifying an
historical cohort for follow-up was recognized, but it was deter-
mined that it would not be possible to identify clearly and com-
pletely the necessary cohort of workers within a reasonable period
of time, if at all. As a consequence, this study is based upon 4.341
deaths which occurred during the period 1964-1973 amang
current or former employees of 17 companies engaged in PVC
fabrication. A total of 55 plants supplied data on all identifiable
deaths since. as was mentioned earlier, it was not possible to iden-
tity those emplovees with only vinyl chloride exposure for the
study.

In order to be included in this study, a deceased employee fell
into one of the following categories: (1) employee died while ac-
tively employed, {2} employee died after retiring from the com-
pany with retirement benefits, and (3) employee died after ter-
minating emplovment but with vesting in a company-sponsored
life insurance plan. Deaths occurring among former employees
with less than the number of years necessary for insurance vesting
were not included in plant records and were, therefore, not
available for this study.

An attempt was made to compensate for at least some of the
“leakage’” due to employees leaving the industry prior to the time
they were vested in any insurance program by using the following
procedures. Once death records for a given company were iden-
ufied. death certificates were obtained and separated into two
groups as follows: (1} all deaths with cancer (ICDA 140-205 up to
1967; ICDA 140-209 for 196B on). or liver disease #ICDA 580-586
up to 1967; ICDA 570-576 for 1968 on), ar suspected liver con-
dition mentioned an the death certificate; and (2) all deaths from
causes other than cancer or liver disease. Death records men-
tioning cancer or liver disease and giving a hospital as place of
death were segregated and sorted by hospital. Where there were
several death records for a single hospital or several hospitals in
the same area. arrangements were made for a Registered Records
Administrator (RRA) to visit the hospitals, review medical records.
contact the hospital pathologist and review pathology records to

_determine whether there were any angiosarcoma cases +n the
hosprtal’s pathology records. If so, an attempt was made to deter-
mine whether or not the angiosarcoma possibly could be related
to vinyl chloride exposure. This procedure enabled us to identify
whether any employees. who had ieft the industry prior to vesting
n an insurance program and remained in the local area, had died
from angiosarcoma of the liver. The hospital inquiry procedures
turned up five deaths from angiosarcoma of the liver: according to
company emplovment records, none were employed at any time
in PVC fabricating plants. These deaths were reported to OSHA.
NIOSH. and CDC for inclusion in the nationwide angiosarcoma
survey.

Death certificates not mentioning a hospital as a place of death
required an additional step to determine whether death occurred
in a hospital or if a recent hospitalization had occurred prior to
death The certifying physician was queried by mail for in-
formation on recent hospitalization of the decedent and whether
there was any indication that he or she had cancer or liver disease
Adduonally identified hospitals were contacted as above.

Originally, it was planned that death certificates would be ob-
tained from life nsurance carriers. In practice, both company and
life insurance records were used because of record retention prac-
tices and retrieval problems in the insurance carriers. All available
death certificates were examined by a trained nosoiogist for men-
tion of angiosarcoma anywhere on the certificate, and no angio-
saccomas were found on the death certificates. Underlving cause

of death was classified according to the eighth revision of the In-
ternational Classification of Diseases.?

Over the ten-year period under study. plant size was found to
have changed drastically in many cases. In one instance, a plant
employing 300 employees in 1973 empioyed fewer than 10 in
1964. At the other extreme. one plant employing 5.000 people in
1964 had only 2.000 in 1973. Some companies had gone out of
business. Such developments show not only the rapid changes
taking place but also the difficulty of determining average industry
employment. The 17 companies covered in this report ranged
from single plant, small companies lone with 70 empioyees) to
multiplant large companies {one with over 7,000 emplovees).
Average number of emplovees clustered between 300 and S00.
Although total employment is difficult to determine precisely, 1t is
estimated to have been between 65,000 and 70.000 at the end of
1973,

Since the population at risk could not be determined. maortality
rates as measures of risk could not be calculated Rather. results
wefe summarized in terms of Proportionate Mortahty Ratios (PMR?
adjusted for the age distribution of the study group. The PMR uses
relative frequencies of specific causes of death by age i a com-
parison population to obtain expected numbers of deaths from
that cause in the study population. Selection of an appropriate
comparison population poses some difficulties since it would be
desirable to have a cause of death distribution for a similar group
of workers dying during the same period. but not subjected to the
factor under study. But such a comparison population was not
available. and the study used mortality for the United States.
specific for color and sex. for comparative purposes.’ Despite
recognized deficiencies. the PMR can provide clues on unusual
distributions of causes of death where true rates cannot be
caiculated.

Results

Table 1 gives the distribution of deaths among the employees of
the 17 PVC fabricators within each of the ten years An increase in
the proportion of deaths taking place in later vears of the decade
may reflect a vaniety of factors. such as an increasing emplovee
population, less complete availability oi records for earlier years
(e.g.. 10 one company, there were no records for the first four of
the ten years), increase in duration of exposure. etc. However.
there is no reason to believe that any unavailable death records for
earlier years would be concentrated in a few causes and therebv
bias the distribution of deaths for those vears

Table 1. — Distribution of Deatin Among Empleyses of 17

PYC Fadricators by Year of Desth, 1964-197).

Yoar at Death e %
1964 325 TS
1965 345 a0
1966 400 92
1567 429 99
1968 49 115
1969 a9 103
1970 455 107
1971 m 109
1972 sa 122
1973 430 99
Totnl: ol 100
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Totis 2 < Diartion of Oeatha Aumng Employses of 17
. PAC Fabricaters by Color and Sex. 1944-1973. .

U e R fomd -t fame . Balmown
Ton a1 %76 L T 3
Wiite k-] 1248 01 ]
Normhae x4 180 F 0
Unicnowr Fe ) 8 n 2

The distribution of deaths in the study group by race and sex is
given in Table 2. Most deaths {84.7%! occurred among males, The
vast majority (88.7%) of decedents were white and there were 288
(6.6%! for whom race could not he determined. Table 3 shows this
distribution of deaths by age. For both white male and white
female employees. mare than half of the deaths otcurred-among
those aged 65 and over {58.1% and 51.9% for white men and
white women. respectively). The corresponding prapactons of
deaths which occurred after age 65 in the United States
population in 1968 were 59% and 72%. respectively). The higher
proportion of deaths among white women over &5 in the US.
population compared to the empiovee population may indicate
that relatively fewer women work to retirement age than do men.
While the numbers of deaths among nonwhite employees are too
small for any definite conclusions. the distribution of deaths bv
age among nonwhite men is roughly comparable to that for the
total timited States.

Tables 4 and 5 show the distribution of deaths for selected
causes by sex for whites and nonwhites, respectwely. Among
white men. nearly 60% of the deaths are from diseases of the cir-
culatory system {ICDA 390-458) and 20% are deaths from cancer
(ICDA 140-209). The corresponding percentages for the total U.S
population of white males in 1968 (midpomnt of the study period:
were 54% for diseases of the circulatory svstem and 16% for can-
cer. Digestive and respiratary cancers account for somewhat less
than two-thirds of all cancer deaths among the white males in the
studv group as compared to about 59% of all cancer deaths
among US. white males in 1968. for white waomen. over 46% ol
the deaths are from diseases of the circuilatory system (compared
10 57% for all U.S. white women in 1968:, and 30% were from can-
cer {compared to 18% jor all US. white women in 1968
Somewhat over half of the cancer deaths among white women wn
the study were from cancers of the breast and digestive svstem,

about the same proportion as for all US. white women m 1968
About two-thirds of the deaths for both nonwhite men and
women were from diseases of the circulatory system and from
cancer. The numbers of deaths for most causes among nonwhites
however, are guite small making nterpretation ditficult and are
presented mainly for completeness.

Age-adjusted PMRs for white male and wiite female employees
of the 17 PVC fabricators are presented in Table b tor selected
causes of death. There were no simnlar analvses for nonwtutes
because for nearly all causes, the numbers of deaths were too
small to produce stable PMRs. Expected numbers of deaths have
been caiculaied on the basis of the sex-cause-age specific
distribution of deaths among U.S. whites 10 1968 applied ta the
total number of deaths by age among white men or white women
in the studv group. The midpoint of the study period {1968) was
selected for the standard. since it is representative of the studv
period and provides US. mortality data coded according to the
eighth revision of the International Classification of Diseases fa-
pected numbers are deaths for individual causes to be expecied
n the study group #f the proportion of rotal deaths ascribed 1o a
given cause were the same as for the corresponding US. race-sex
group. while accountng for differences between the age
distributions of deaths in the study groups and deaths for the
United States. A PMR larger than unity would indwcate that the
reiative proportion of mortality from that particular cause in the
study population is higher than would be expected based on the
1968 U.S. mortality experien CiEEEEREIN. T t

~wddition to the numerical value of the PMR itself, the ob-
served number of deaths is aiso of interest. The larger the number
ol deaths observed. the more rehable the PMR. There were two
deaths o1 unknown age among the white males. one a digestive
cancer UCDA 1531 and one an unspectiied cancer (ICDA 199).
These were included in the age groups with the iowest relative
frequency for those causes. that is, less than 35 vears for total can-
cer and digestive cancer and b5 and over for other and un-
specined cancer Such an assignment has a triviai efiect on the ex-
pectation but 1s the most conservative wav of handling these
unknowns. since 1t serves [o Increase the expectation and hence
lower the PMR' by the least amount
Based upon both the number of deaths and the value of the
PMR. there seems to be an important excess in total cancer mor-
talty among the white males in the studv group The distribution
by specitic cancer siie suggests that any excess appears to be con-

Tabla 3. — Distribwtion ! Desths Among Empioyees ot 17 PYC Fabricators by Age. Color, Sax. 1964-1973.
Age

AN Agm Unger 35 35-44 45-54 5584 85 & over Unisown
Color. Sex No [ Ne. % [ 3 ™ % ™ [ [ [3 [ »
winte
Wale 324 100 to? 33 136 42 363 12 %2 232 1386 581 2 0
Fomsie 601 100 24 40 a 79 100 166 123 0% N2 s19 0 ¢ !
Nometrte !
Mae %0 100 21 1?2 4 133 8 156 k1] 21? 68 kY] [ Q
Fumale 24 1% 3 250 2 B3 S 208 3 250 5 208 ] [H
Unktown
Maie 48 10 20 [ 53 5 290 32 129 48 194 133 520 12 L}
Female ’ 100 1 26 5 132 4 108 (] 211 1 6re ? 53
Linknown 2 1, 1 $00 0 [ 0 [} [] 0 0 0 ] 500
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centrated in digestive system cancer, given the large number ot
deaths {31% of all cancer deaths). For each of the sites within the
digestive system, observed numbers of deaths are greater than ex-
pected. Aithough, except for intestinal cancer. the observed num-
bers of deaths are small. The PMR for liver cancer 1s rather high.
out a defmite conclusion is difficult with oniy six observed deaths
On the other hand, the PMR for cirthosis of the liver suggests a
deficit in mortality from that cause.

For white women, the PMR for total cancer appears high as it
did for white men, with cancer of the digestive svsterm and
perhaps, cancer of the breast contributing a fair amount to the ex-
cess. The PMRs for individual sites within the digestive svstem are
based upon small numbers but suggest an increase n intestinal
cancer. The PMR for urinary cancer. though based upon onlv 11
deaths. seems strikingly high and may be an ndication for turther
investigation. On the other hand. in contrast to the observation in
white men, the PMR for resprratory cancer among white women i
verv close to unity. Similar to the observation in white men. mor-

talny from cirthosis of the liver seems to be n deficit, but the
carresponding ooserved number of deaths 15 quite small Among
both white male and female emplovees, diseases of the crrculatory
svstem account for a large percentage of total deaths. in each
case. observed numbers of deaths are close to expected. There
appears 1o be a somewhat different pattern among men and
women for deaths due to accidents. potsonings. violence with the
numoer of deaths somewhat low among men and high among
women

There were 39 cancer deaths among nonwhite men, somewhat
greater than expectation. although the numbers by site are too
small for meanngiul analysis Mortality from cerebrovascular
disease appeared high (PMR = 2.11) but the finding was based
upon only 19 deaths.

Discussion

The present study was desgned with two objectives. The first
was to determine whether or not any angiosarcoma deaths had
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occurred among employees of the PVC fabricators under study,
Since no argiosarcoma deaths were found among the employees
studied. the first question has an unequivocal answer, A secondary
objective was that of examining the distribution of deaths by
cause among the employees under studv. Imphcit in that objective
is the question of whether or not that distnibution is. m some
sense, unusual. There s no unequivocal answer ta the latter
question. Whether or not an observed distribution oi causes of
death s unusual clearly relates to the standard or comparson
population as well as the analytic methodology.®

On the basis of a proportionate mortality analysis. there appear
to be excesses in total cancer mortality among both white men
and white women in the study. when compared to the
distributions of deaths for the total United States speciiic tor color
and sex and adjusted for age Excesses in cancer mortalitv appear
concentrated in cancers of the digestive system and. in particular,
in cancers of the intestine for both men and women. In addttion,
there 15 a suggestion that mortality from cancer of the breast and
unnary organs among white women emplovees is higher than that
for the total US. There are, however, several reasons why

definitive nterpretation is difficult. it has, for example. been
suggested that 2 Proportionate Mortality Ratio based on an exter-
nal population mav not be sufficiently discriminating in screening
for potential hazards.® In addition. an analvsts using PMRs tails to
take account of the absolute risk of dving in the population under
study & Furthes. a number of studies have suggested .an overall
favorable mortalitv for mndustrial working populations. even n
those where well-defined hazards increase nsk tor a specific
cause " * Factors such as these are meant to suggest that
proportionate r!lxor[allty analysis must be interpreted cautiously.
with the intention of providing leads for further investigation.

Resuits consistent with thase of previouslv published studies
would be of particular interest. With no comparable working
populations in the fabrication industry, polential contrasts may be
found in studies of vinvi chiotide workers Monson. et al.
provided a proportionate mortality analysis of 161 deceased
workers (all presumably white males) i two plants. one where
vinyl chloride monomer s produced and one where it is
potymenized into polyvinyl chlonde.® Results of that studv suggest
a passible excess in total cancer mortality, primarily cancer of the
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liver. However, there was a suggestion that cancers of the lung
and brain also appeared with excess frequency. The current study,
while suggesting an excess in total cancer, particularly digestive
cancer, does not clearly point to marked excesses for cancers of
the liver, lung, and brain among white men. aithough the PMRs for
these cancers are greater than one. The observed-to-expected
PMRs reported by Monson for vascular lesions affecting the cen-
tral nervous system, circulatory diseases. and external causes are
similar to those reparted here.

Tabershaw and Caffey, in a study of workers engaged in the
manufacture of vinyl chloride and its polymers. conciude that no
specific cause of death was statistically ssgnificantly greater than
expectations based upon Standardized Mortality Ratios (SMRs)
using the U.5. male population as the standard.® By other critena,
however, the authors conciude there may be an excess risk for
mortality from digestive cancer. respiratory cancer, cancer of
other and unspecified sites. and lymphomas. At lower exposure
levels, they suggest some excess for cancers of the buccatcavity
and cancers of the other and unspecified sites

The current study would seem to ndicate that excesses of mor-
tality from cancer of the digestive system are not sex-specific and
are not limited 1o liver cancer. The majority ot the PMRs tor cancer
among both white men and whrte women are i excess of unity
Such resuits must be interpreted with caution but. since they ap-
pear to be consistent with previoush studied workers. thev
suggest the need for continued investigation
L
SHmmary

Results of a study of 4.341 deaths nccurring among current and
former employees of 17 PVC fabricators during the period 1964-
1973 are presented. The study was carried out to determine
whether any angiosarcoma deaths had occusred among em-
plovees of these fabricators and to examme the distribution of

. deaths by cause mgmucoma -deaths were foun&among the
s:uf populano istributions by cause of death among white
male and white female employees were compared with those for

the entire US.. speclftc for color and sex and m.usted Yor age bv

R L
-—J s paambR P 4.2

”, S i &
C'Talory System. There were deficits iIn mortality irom cnrrhosus of

the hver among both male and fernale emplovees and a deficit in
accidents, poisonings, and violence among men. The use of the
Proportionate Mortality Ratio based on an external standard
requires caution in snterpreting these results. but the need for fur-
ther investigations s indicated.

This study was d by the & Amencsn Can Comparn
8 F Goodrich Company Damond Shmv:xk chpoutm Fae<ione Tre and Rubbwer
Companv. lohns Manvilie, MoIor Vehlt Manulacturees  Awncation  Stautter
Chemcal Companv Unon Carbide Corporaton. Unwoval Incorprrated
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Discussion

We infer that hyperexcitability of the nervous system
can be associated with hypomagneszmia withoul cons
comitant hypocaleemia. This observation accords with
the findings of Vallee et al. (1960) hur not with those of
other workers (Hanna er al. 1960, Zimmet et al, 1968)
who have claimed thar a low serum-calcium arising from
the hypomagneszmia is necessary to produce the signs
seen in the hypomagneszmic syndrome.

One should not conclude from this association that the
hypomagncszmia caused the tremors or convulsions,
although this seems likely in view of the fact that mag-
nesium levels returned to normal an tecovery. Further-
more, the dose of magnesium in six of the cases was not
large enough to cause drowsincss yet the rremors were
quickly conrtrolled.

The causc of the low serum-magnesium s unknown,
Since some of the cases recovered spontaneously within
a day or twa, it is possible, at least in some of the patients,
that the hypomagneszmia was due 0 2 transient shift of
the mineral from the extraceliular 10 the intracellular
compartment. The feasibility of such shifts has been

mentioned by Martin ¢t al. (19532), and Hasselman and |

Van Kampen (1938). It is possible that because of
metabolic alterations in the neonatal peried and in
chiildren who are ill, the magnesium homaostatic
mechanism might not be functioning efficiently.

A decreased serum-magnesium could, in turn, stimulate
the parathyroids to release paratharimane in 2n atempe to
conserve magnesium (Alaclntyre et al. 1963). At the same
time the excess parathormone would raise blood-calcium,
thus accounting for the elevated ultrafiltrabie calcium Jevel.

The combination of hypomagnesamia and hyper-
calcamia is not incompatible with the production of
hyperexcirability of the nervous system. In magnesium-
deprivation studies in rats, the animals demonstrate
hyperirritability, hypomagneszmia, and hypercalcamia
{(Whang and Welt 1963). -Furthermore, rhere is evidence
to suggest that calcium specifically facilitates the release
of acetylcholine by a nerve impulse (Fatt 1959) and that
the action of excess magnesium is to cause a block in
neuromnuscular transmission by decreasing the amount
of transmitter substance released at nerve terminals
(del Castillo and Engbaek 1954). Hence a combination
of hypomagneszmia 2nd an elevared calcium concentra-
tion may act synergistically in facilitating acetyvicholine
release, thus accounting for the neuromuscular irri-
tability sezn in our patients. This antagonistic action of
magnesiumn and calcium at nerve-endings contrasts with
their common action in raising the threshold depolarisa-
tion for the initiation of an action potential in a nerve or
muscle fibre (Fatt 1959).

We thank Prof. J. E. Gardiner for help in the preparation of the
pipcr.
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The pulmonary vascular resistance is
incressed by venrtilation hypoxia both in
isolated perfused lungs from cats and in anzsthetised cars
under conditions of circulatory control. This effect of
hypoxia alse occurs in man and dog. The pulmonary
blood-vessels of isolated perfused cars’ lungs do not
respond to hypoxia when the perfusion cireuit is partly
made from polyvinyichloride (p.v.c)) tubing. Normal
pulmonary vascular responses ro noradrenaline, 5-hydroxy-
tryptamine, and prostagiandin F,, are still obrainable
when the response to hypoxia is abolished. 1t is suggesicd
that a2 new British Standard should be devised to cover the
acute effects produced by injection into the body of fluids
which have been in contact with P.v.C. tubing.

Summary

Introduction

ADVERSE effects have been shown wo follow the use of
polyvinylchloride (r.v.C.) tubing in normai laboratory
procedures, Stewart and Sturridge (19539) found, for
instance, that some types of rubing caused hamolysis of
the blood perfused through them. Meigler and Durrer
(1959) and Maeyler et al. (1960) found that isolated rats®
hearts were killed within 15 minutes when perfused with
fluid delivered through some types of £.v.c. tubing, where-
as when the same fiuid traversed glass wbing the isolated
heart preparations survived many hours; they ascribed the
toxicity 10 the presence of organic tin compounds in
certain kinds of p.v.c. tubing. Haberman cr al. (1968)
described harmful effects of plastics and their component
materials on reactions involving human and rabbit
antibodies, guineapig complement, and serum-proteins.
Few, if any, of the commoenly used components of plastic
tubing were without effect on their test systems. Bowery
and Lewis (1968) found that substances were leached out
of r.v.c. rubing which contracted guineapig isolated
tleun and inhibited the contractions of the rar uterus
induced by many substances, Considerable amounts of
activity were added to plasma after 10 minutes’ contact
and these reached a maximum after 60 minutes. The
leaching process occurred again and again each time fresh
plasma was added. The amount of activity leached out
was directly dependent on the protein concentration in
the plasma, and this dependence was also demonstrated
with purified bovine albumin soluriens.

Methods

Isolated lungs of cats anastherised with chloralose (80 mg.
per kg. intraperitoneally) were perfused by the method of
Duke (1951). A Dale-Shuster pump was used to perfuse the
lungs through the pulmonary artery (fig. 1}. The perfusion was
maintained ar constant minute volume inflow with the animal's
own heparinised blaod (10 5.C. hepatin per ml.} at 2 temperature
of 37-39°C. The volume of blood in the apparatus was
approxirnately 120 ml. The venous ourflow from the lungs was
led through a lefr-atrial cznnu]a inte a venous rescrvoir which
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The pressor response to anoxia was also abolished when
the p.v.C. (10 H.E.) tubing added to the venous reservoir
had been previousiy boiled in 2%, sodium-bicarbonate
solution.

Some P.v.C. tubing contains different chemical additives
from those in 10 H.E. The experiments were therefore
repeated using one of these—N.T. 14 SH 80, which is
said to be more suirable for perfusion work (Vincent 1968).
In one experiment 60 cm. of this tubing abolished the
pulmonary pressor response 10 anoxia, and in another
experiment the pressor response was reduced. In both
experiments there was a partial recovery of the anoxic
pressor response 5 minutes after the tubing was withdrawn
from the venous reservoir.

Discussion

Hypoxiza causes an almost immediatc increase of
pulmonary arterial pressure in anasthetised cars (von
Euler and Liljestrand 1946, Logaras 1947) and also in
anzsthetised cats with left-lung perfusion (Duke 1937).
In isolated lungs from cars perfused with blood at a
constant minute volume, hypoxia causes 2 similar increase
of pulmonary vascular resistance with similar time relation-
ships to that in the anzsthetised animal. The pulmonary
pressor response 10 hypoxia is not accompanied by changes
in bronchial resistance to airflow or left atral pressure
(Duke 1951, see also Duke and Lee 1963, Daiy and Hebb
1966) and is therefore probably due to pulmonary
vasoconstriction. In isolated perfused lungs from cats the
pressor response to hypoxia of 3-13 minutes’ duration is
inversely related to the tension of oxygen in the ventilating
gas mixture for gas mixtures containing less than 15°,
oxygen in nitrogen; equivalent cffects are produced by
ventilation of isolated perfused lungs with neon, hydrogen,
or nitrogen (Duke 1951). It appears therefore that the
pressor effect of ventilation hypoxia that has been studied
ih the present series of experiments is a physiological
response in the cat, and that the response obtained when
the gas mixture is changed from air to nitrogen varies
only in degree to the effects produced by changing the
ventilating gas mixture from air to 15°; or less oxygen
in nitrogen. Evidence that pulmonary vasoconstriction to
hypoxia is found in man and other species as well as
cats was discussed by Duke and Lee (1963} and Daly
and Hebb (1966).

The present experiments show that the pulmonary
pressor response to hypoxia is abolished by r.v.c. tubing.
It is therefore possible that procedures involving the use
of plastic tubing in man may be arttended by hitherto-
unsuspecred harmful effects. Such procedures include
extracorporea! circulation, renal dialysis, and even blood-
rransfusion.

In the present experiments two different types of tubes
were used, both of which are listed in the current manu-
facturer’s catalogues as of * surgical non-toxic quality ',
The plasticiser was acetyl-tri-n-buty] citrate in epoxy
soya-bean oil. The stabiliser in the H.E. tubing was of an
octyltin type, whereas the stabiliser in NT 14 SH 80 was
2 aalcium-zinc compound. The latter type of rubing had
a less harmful effect in our preparation.

The manufacturers of the rubing state (Vincenr 1968)
that aceryl-tri-n-butyl citrate and small amounts of
epoxy soya-bean oil are listed under the U.S. Food and
Drug regulations as suitable for food packaging, as is
also the calcium-zinc stabiliser. Both tvpes of rubing
used in the present experiments comply with the re-"
Quirements of B.S, 2571: 1963 which specifies maximum

permitted weight changes when a plastic disc is immersed
in distiied water for 48 hours. The tubing also con-
forms with the rabbit implantation test laid down in
MIL-C-36145A (BuMed.) Oct. 16, 1963. In addition,
the NT tubing complies with B.5. 2463 (specification for
transfusion equipment) appendix F which uses a toxicity
test in mice injected with eluates from tubing heated at
85°C for 1 hour. Mouse fibroblast and 10-day chick-
embryo tests are performed by the factory. These tests
of biocompatibility are designed to establish the safery
of r.v.c. either as a chronic implant or in a simple trans-
fusion apparatus and may be completely unsuitable for
testing the potential toxicity of the large amounts of
plastic tubing used acutely in an extracorporeal circula-
don. Brirish Standard 2571: 1963 allows a loss in weight
in 48 hours of 20 mg. from a disc weighing about 4-4g. In
our apparatus, which might be regarded as a small-scale
cardiac bypass circuit, 60-120 g. of P.v.C. tubing was used;
the British Standard would have allowed the leaching
out of between 1 and 3 g. of material into the circuit, to
reach a concentration of 20 mg. per ml. (2%,) in 48 hours.
Assuming steady leaching over 48 hours, the allowable
concentration of material in the circulating blood could
attain at least 0-4 mg. per ml, in § hour.

Qur results suggest that the toxicity of substances
associated with the manufacture of r.v.c. tubing should be
further investigated. They also suggest that a new
British Standard should be devised to cover the use of
such tubing in extracorporeal circulations.

Requests for reprints should be addressed ta J. R. V., Department
of Pharmacology, Roval College of Surgeons, Lincoln’s 1nn Ficlds,
London ¥X".C.2.
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OXIDIZED GLUTATHIONE LEVELS IN
ERYTHROCYTES OF GLUCOSE-6-PHOSPHATE-
DEHYDROGENASE-DEFICIENT SUBJECTS
SATISH K. SRIVASTAVA
Ph.D. Lucknow
RESEARCH SCIENTIST
ERNEST BEUTLER
M.D. Chicago
CHAIRMAN
prvisiaon OF MEDICINE, CITY OF HOPE MEDICAL CENTER,
DUARTE. CALIFORNIA 91010

Oxidised glutathione (G.5.5.6.) was esti-
mated in norma! erythroeytes and in
ervihrocytes deficient in glucose-6-phosphate dehydro-
genase (G.-6-p.D.) using an improved method in which the
oxidation of glutathione was prevented by prior alkylation
with N-ethyl-maicimide. The content of G.8.5.G. in the
erythrocytes deficient in G.-6-P.D. was about 3 times that
in norma! erythrocyres.

Summary
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Annotations

WHAT'S IN P.V.C.?

LAST year,! discussing sicuations which may arisc after
prolonged endotracheal inrubation or tracheostomy, we
remarked particularly on the excoriadon of the mucous
membrane of the trachea, which, it was suggested, resulted
from pressure necrosis, very much as in a bedsore. Since
red mineralised rubber had been suspected of causing
chemical imritation of the lining of the tachea, the
increasing use of polyvinylchloride (P.v.C.) in the manu-
facture of endotracheal equipment was welcomed, for this
plastic was gencrally held to be inert. Guess and Stetson *
now emphasise, however, that P.v.C. can contain agents
(such as organic compounds containing tn, added 10
improve flexibility and stability) which may leach out and
damage tissues with which they are in contact for a fong
time. In experiments with plastics Guess and Aurian ?
observed tissue reactions which closely resembled the
changes seen in the region of the glomis after prolonged
endotracheal intubation; and these findings stimulated
Guess and his colleagues to study the possible hazards
of plastic in ecndotracheal equipment. After these
investigations a committee met in New York last December
to discuss a formularion of F.v.C. suitable for endotracheal
use, and the American and European manufacturers
present agreed that, in the absence of a relevant specifica-
tion of the British Standards Insttute or of the U.S.A.
Swandards Institute, they would adopt, as an interim
measure, the U.S, military specification for plastic used
in endotracheal tubes,* which is based on freedom from
toxicity when implanted in rabbit muscie. As Rendell-
Baker * points out, anyone about to use plastic endo-
tracheal apparatus for long-term care should verify that
the p.v.C. is of the new formula. A large manufacrurer in
the U.X., Portland Plastics, is now making such equip-
ment from plastic which meets the recommended U.S.
military specification.

As a result of their observations recorded on p. 21
Dr:. Duke and Professor Vane suggest that 2 new British
Standard should also be devised 10 cover the use of P.V.C.
tubing in extracorporeal circulations. They found that
the pulmonary blood-vessels of isolated perfused cats’
lungs did not respond in the normal way to hypoxia when
the perfusion circuit was partly made from r.v.c. tubing.
In their experiments two different types of tubing were
used: the plasticiser in both was acetyl-tri-n-buryl
citrate in epoxy soya-bean oil 2; and in one the stabiliser
was of an octyitin type and in the other it was a calcium-
zinc compound. The second type had a less harmful
effect on the cat-lung preparation,

The sdsorptive property of plastic introduces another
possible hazard, for traces of toxic substances used in
sterilisation processes may linger, despite all efforts 10
remove them. Cunliffie and Wesley ® have shown that
r.v.C. sterilised with ethylene oxide always retains traces
of this toxic gas and they recommend the uumost care
in removing all traces by long-continued extraction. The
very toxic substance, ethylene chlorchydrin, is formed

. Lance:, 1967, i, 258,

. Guess, W. L., Stetson, B. 7. Am. med. Ass. 1968, 204, 580.

. Guess, X' L., Autan, ]. Am. 7. Hasp. Phorm. 1964, 21, 260.

- U.S. Militany Specification for Tube, Endowrachesl, Magill-MIL-C-
36145A (Bu Med), Oc1. 16, 1963, amended by document 6115-817=
1205, Jan. 20, 1967,

. F. Am.med. Ass. 1968, 204, 624,

. Cunlific, A. C., Wesiey, F. Br. med. J. 1967, i, 575.
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when ethylene oxide reacts with saline, and this substance
can be expected to be present when marterial contaminated
by ethylene oxide is in conwct with ussues. Irradiation
(another means of sterilisation) can render P.v.C. toxic
by the formation of hydrochloric acid. Materials other
than plastic can adsorb ethylene oxide—for example,
rubber, polyethylene, and soft nylon—and all traces of the
gas rnust also be extracted from thesc substances, Smith ?
reported skin reaction in wearers of rubber surgical gloves
sterilised with ethylene oxide by a manufacturer.

Over five years have passed since Litile and Parkhouse ¢
recognised the potential hazard of inflammation caused by
chemical additives in plastics and drew artention to0 the
need for a standard specificarion for plastics used
medically.

THE FAMILY PLANNING ACT

AT the nationa] conference of the Family Planning
Association in Leicester last week, Mr. Edwin Brooks, the
M.p. who sponsored the Family Planning Act, looked
back on what had happened (or not happened) in the
year since the Act was passed. It had never been his
expectation that the Act would automatically eradicate
the effects of forty years' delay and timidiry on the pamt
of society in general, and many local authorties in
particular, towards family planning. The very success of
the campaign would have lulled many local authorites
into believing that the only change brought about by the
Act was one of nomenclarure and formal responsibility.
Moreover, local government committees dealing with the
welfare services had become accustomed to see their
activities as essentially a matter of spending, of outlay, or
of entries in the debit account: benefits were usually
intangible—a sort of social wellbeing to be measured and
vindicated by largely subjective criteria, such as the relief
of suffering or worry. This produced a dichotomy of
approach, in which we were always conscious of the
financial outlay, but rarely of the financial reward. Those
who had come to think of themselves as charities for the-
deserving poor were in danger of forgetting that they too
were gerting a return on their efforts.  Society as a2 whole
—not just the womnan helped, say, by a domiciliary family~
planning scrvice—was the beneficiary of planned
parenthood. :

In Mr. Brooks® view cost-benefit realism was genenally
absent from the day-to-day thinking of those who planned
and controlled local-authority expenditure. A common
argument about family planning was the one recently
deployed in the County Councils Gazerze®: *‘ Quite
apart from widely held religious beliefs and long
established standards of morality, as Education, Children
and Health authorities they (county councils) will wish
to take into account mental and physical health hazards.
Rightly they will tend 1o proceed with caution and the
Government’s curbs on public expendirure will re-inforce
this tendency.”” Justifiably, Mr. Brooks lashed into this
* depressing and dated " outlook. At 2 ume when the
vast majority of educated families, of all religious
persuasions, accepted contraception as one of the boons
of civilisation, it was time to be a bir less timorous
about the *“ widely held rcligious beliefs . With the
human species on the edge of demographic disaster, with
world over-population an overriding menace, it was time

7. Smith, E. A. U.S. Bureau of Science, 1968, no. 879 (Drugs).
8. Liule, K., Parkhouse, J. Lancer, 19042, ii, 857,
9. Cowmty Counals Gaxerre, May, 1968,
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Wallndfer, Zinnagl :
Hamangiosarkomatose nach Polyvinylchloridexposition

Med. Klin. 72 (1977), 410~13 (Nr. 10)
e

H. Wallndfer, N. Zinnagl

Medizinische Abteilung des Landeskrankenhauses
Vacklabruck {Vorstand: Primarius Dr. H. Walinéfer) und
Konservativ-Angiologische Station

(Leiter: Oberarzt Dr. N. Zinnagl)

der Dermatologischen Abteilung

(Vorstand: Primarius Prof. Dr. J. Zelger)

der Landeskrankenanstalten Salzburg

Himangiosarkomatose nach Polyvinylchloridexposition

Zusammenfassung

Nach kurzer Ubersicht iiber neoplastische Entwicklun-
gen nach beruflicher Exposition mit Vinvichlorid und
TPolvvinylchlorid wird iiber einen Fall berichiet, bei dem
cine multilokulare Himangiosarkomatose nach relativ
kurzdauernder und nur intermitticrender Exposition
mit Polyvinylchlorid auftrat, Das Latenzstadium betrug
ctwa 1S5 Jahre. Betroffene Gefiflberciche waren dic
Aorta abdominalis, intrarenale Nierengefifie und intra-
zerebrale Gefaflsysiemne. Symptomatisch trat das Krank-
heitsgeschehen unter dem Bilde progredient fortschrei-
tender peripherer Durchblutungsstérungen in Erschei-
| nung. Die Mbglichkeit eines sklerorischen Vorschadens,
gefordert durch Schwefelkohlenstoff wird diskuticrt.

Summary: Haemangiosarcomarosis after professional
exposure to polyvinylchloride

After taking a cursory look at neoplastic developments
particularly at professional exposure to vinyichioride
and polyvinylchloride, one case is reported in which a
mulriiocular haemangiosarcomatosis occurred after a
relatively short and only intcrmitient exposure to
polyvinylchloride. The latent stage lasted 15 years. The
vessel areas affected were the aorta abdominahs, the
intrarenal kidney vessels, and the intracerebral vessel-
systems. Symptomatically, the disease presented the
picture of a progredicntly advancing peripheral cir-
culatory disturbance. The possibility of previous sclerotic
damage caused by carbon sulphide i1s discussed.

Vor rund 200 Jahren (1775} hat Sir Parcivall Potr [33] Giber
dic berufsbedingte Karzinogenese des Skrotalkarzinoms
bei Londoner Rauchtangkehrern berichtet. doch erst in
den letzten Jahrzehnren ist der Exposition dureh kanzero-
gene Stoffc in Industrie und Umwelr mehr Beachtung bei-
gemessen worden |12, 30, 31]. Von klinischen Beobach-
tungen geleiter, haben sich zahlreiche Ergebnisse experi-
mentell beweisen lassen [14]. Es sei in diesem Zusammen-
hang an das gehiufte Auftreten des Lungenkrebses bei
Erzarbeitern (11, 2t} und Rauchern, von Blasenkrebs,
Lungenkrebs, Karzinomen des Gastrotntestinalirakts so-
wie malignen Mesothehomen [1), Pleura- und Peritoneal-
tumoren unter Exposition von Asbest [21, 32}, Benzidin
{44], Antlin {36). Arscn [17, 28, 3], 34) und aromatischen
Aminen und an den gesicherten Zusammenhang von
Leberkrebs und Aftatoxin erinnert. Heute wissen wir, dafd
viele der kanzerogenen Subsianzen selbst in unserem Was-
ser anzutreffen sind [39] als Resultante gesteigerter Agri-
kuleur, industrieller Technologic und letztlich unkon-
trollierter Umwelrverschmutzung durch eine fast in Expo-
nentialfunktion ibersteigerten lndustrieleistung. Epide-
miologische Studien ceigen zadem, dafl es sich bet der
. Karzinomenmwicklung um e¢in kompliziertes multifakeo-
rielles Komplexgeschehen handeir

webher erthr neearive

Resultare nicht notwendigerweise die Inakuvitar ¢ines
Agens beweisen miissen. dalt neben Risikotfakroren ler-
lich auch dispositionclle Komponenten fur die Karzino-
genese einer Substanz verantwortlich sein konnen.

Erst in den lerzren Jahren wurde bekanns, da#s Vinyl-
chlorid als potentes karainogene? Agens fur dic Entstehung
von Leberkrebs und Karzinomen anderer Organe anzu-
sprechen ist {2, 4, 10, 14, 15, I8, 22-25 40,43}, Usspriing-
lich war man der Meipung, dafl der karzinogence Effekr
vorwiegend oder ausschhelSlich dem Monomer Vinyl-
chlond zukame, inder Zwischenzetr hate sich aber erwiesen,
dal auch dwe Polvmere (Polyvinvichlornid) praktisch die-
sclbe Kanzerogenitir besitzen |3, 6, 9. 13, 16, 20, 33, 37, 3B).
Dabet handelt es sich vorwiegend um Entsichung von
Angiosarkomen der Leber, des zentralen Nervensystems,
der Lunge, der Niere, aber auch der Fingerknochen.
Viola et al. [41] konnten experimentell bei Ratten Haur-,
Lungen- und Knochenkrebs durch Inhalationsexposition
innerhalb von zwolf Monaten erzeugen. Malion [22-24)
berichtere iber dieselbe hepatische Neoplasmaentwick-
lung im expetimentellen Ticrversuch nach Vinylehlorid-
inhalarion. Seither lassen ausgedehntere

oot

experimentelle
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sammenhang des Angiosarkoms oder der Angiosarkoma-
tose mit Vinylchlorid oder Polyvinylchlorid.

Interessant dabei ist die Feststellung, daf nach entspre-
chender Exposition unter Umstanden eine bis zu 15jihrige
Latenzzeit bis zum Auftreten des Angiosarkoms bestehen
kann. Waxweiler er al. [42) haben dic experimentellen
Inhalationsstudien von Viola er al. (41}, Malroni {22]
sowic Keplinger {14) mit Induktion von hepauschen Angio-
sarkomen, Adecnomen, Adenokarzinomen der Lunge,
Neuroblastomen des Gehirns, Lymphomen und verschie-
denen anderen Tumoren in ¢iner ganzen Rethe verschie-
dener Tierspezies anhand einer sorgfilng gefiihrten Scudie
mir Erzeugung von Krebs der Leber, Lunge, des lymphau-
schen und zentralnervosen Sysiems erwertert. Der dtiologi-
sche Nachweis des exzessiven Krebsrisikos durch Vinvl-
chlorid wurde zudem epidemiologisch und histopatho-
logisch gefiihrt. Infawte [13] kommr aufgrund seiner
Unctersuchungen bei Polyvinyvichlorid zum Ergebnis, dafs
Muirter, die in Siediungen in unmirtelbarer Nachbarschaft
von PVC-Produktionsstatten Ichen. zu etnem hohen Grad
Kinder mit kongenitalen Fehlbildungen gebiren, unab-
hingig von Dauer der Ehe. Rasse und anderen Fakrtoren.
Dabei scheinen Anomahien des zentralen Nervensystems
am hiufigsten aunfzutreten. Da neben Fechildungen zwei-
felsohne auch andere Faktoren |7, 8] fiir mutagenc und/oder
teratogene Mechanismen der Karzinogenese verantwort-
lich sind, muR dem Polyvinvichlorid nicht allein diwe Ur-
sache kongenitaler MiSbildungen zukommen.

Die Angiosarkomentstehung der Leber durch Vinvichiond
und seine Polymere wird durch Fallberichie aus der letzten
Zeit belegt [2, 10, 25). Dabei zeigt sich. dals die Latenzzeit
fiir sklerodermieartige Veranderungen der Haur. der
Hande, Unterarme und Wangen, das Ravnaud-Syndrom,
Uhrglasnagel, periphere Gefii- und Knochenveranderun-
gen mit Akroosteolysen, restriktive Lungenveranderungen
bis 2ur Lungenfibrose |29, 41], Milzvergrilierung. Leber-
schiden {23] bis 2u Hamangioendothehonien, Thromba-
und Leukopenien tm Durchschnitt 2 bis § Jahre [, 29],
fur das Aufrreten des Angiosarkoms der Leber 10 bis
20 Jahre betrage. Oft 1561 sich laparoskopisch ¢ine nerz-
formige Kapselfibrose mut emem Arr Banti-Svadrom vor-
zeitig erkennen |5, 26, 27}, und in der Leberbiopsie sicht
man toxische Schaden |39} der Leberepithelien, dijauerre
Sinusoide, perisinusoidale Kollagemsierungs- und Pro-
liferationsvorgange (9. 27, 43].

Fallbericht

S9rahriger Mannader seir 197 Vwaicderholt m stanooaree Bebhandbung srehr.
Lotsymprom sind perniphere Do bhlumspastorungen der beiden unteren
Exerenuracen. die als Burger-Winwarier Ssadrom angesprochen wur-

den. Daze Kopfschmerz, Schvanded, gefaos abendlche Sobicbriinat

CAngiopraphisch fand sich @i hochueadige Sklereee o0 Aorra deseen-
v

ner Oberschenkethauptaste. Auffallend war dic starke Progredienz des
Prozesses. Eine chirurgische luteevention nor plasoschem Ersarz der
distalen Aorea, der Aoncngahel und der badien Femeralarienen bes
posiuperativer Aatikoagulatian brachte nur burzfristig Ieichte objekeve
{palparonisch, rhrographisch usw.) Besserung, dic abes subjcktiv niche
in Eescheinung trat,

Im Blutbild bestand ence miil;igc Ananue, cne 1 eakozyrose (zwischen
10000 tws 20000) und cioe berrachiliche Scakungserhobung. Konstanie
Albummurnie (his | %), grenzwernge Harnstoff- und Areauminwerte.
Zewhen-cines Leberschadens waren durch genmge Vransanunascacrho-
hung. in spaterer Folpe detsthehe Erniedripeng der Cholinesterase sowie
vine Gammagiohulindmid 130%) nachwenbar Die Leberbipsice er-
brachte hebsaptisch vme Patig portale (reakinne 3 Hepanus nae deutr-
ticher epichelialer Schadiguug tn Sanne wines Ltavisch-metabatinehen
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Med. Klin. 72 (1977}, 410-413 (Nr. 10}

cines itheraus reichbaltigen Untersuchungsprogrammes war
die Diagnose intra vitam nicht zu stellen. Sie wurde zu-
niachst nicht cinmal in die differentialdiagnosrische Er-
wigung cingeschlossen. Erst durch die Kennenis des Obduk-
tionsbefundes wurden weirtere Nachforschungen und Fr-
hebungen betrieben. Der Parient lebr scit mehr als 20 Jah-
ren in der unmittelbaren Umgebung einer Faserstoff- und
Zellwollefabrik. wo ef auch beschifuigr war. In den letzten
15 Jahren war er allerdings nur mehr 2ur Biiroarbeit ein-
gesetzt. Die Exposition durch Schwefelstoffe, vorwiegend
Schwefelkohlenstoff (CS,) ist echaht und war in den letzeen
Jahren zum Teil fir dic Anramer und Bevilkerung der
unmittelbaren Umgebung belistigend. Eine Grofizahl aus
dieser Bevolkerungsgruppe liels im Zuge durchgefiihrrer
bioprischer Untersuchungen der Leber deutliche Hinweise
auf eine Leberzellschidigung. besonders elektronenoprisch,
crkennen. Die Erweiterung des rauhwandigen endoplas-
matischen Retikulums und letzilich Veranderungen der
Mitochondrien. gelegentlich begleiter von leichten bio-
chemischen Reakrionen, wie geringe Elevarion von SGPT.
manchmal auch SGOT und GDH. sclien cine leichre Ver-
minderung der Cholinesterase standen im Vordergrund.
Diese ibcrzufillipe Haufung derartiger — vorwiegend
¢lektronenopuscher -~ Leberbefunde betraf auch jenen
Patientenkreis. der aus ganz anderen Ursachen ins Kran-
Lenhaus autgenommen war.

Bekannt hei hohergradiger Faposition schwefelhaltiger
suhstanzen, vorwregend Schwelclhohienstoff, st das or-
ohte Risko von  Gefatiatherogenitat. Mit Polvvinyi-
chload st der Panient 153 Jahre zuvor. wenn auch niche
hiufig. so doch in einem gewissen Ausmal konfrontert
worden. so daft die Expositionsrare an sich als gering und
durchaus niwcht permanent anzusprechen ist. Folgr man
aber der Inzidenzrate auch ber relariv geringer Exposinon
nach den Liceraturhinweisen, so wiirde auch das Latenz-
stadiunt von erwa §5 Jahren die hochgradige Wahr-
schemibichkeit cines Zusammenhanges ergeben. Bei ciner
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heute angenommenen Morbidititsrace von 10% [20, 33,
38, zeigr sich. daf neben der Exposition auch andere
Fakroren fiir Jic Entwicklung des Angrosarkoms ent-
scheidend sein miissen, da selbst bei dauernder Exposition
rand 90% cine neoplastische Entwicklung vermissen lassen.

Im vorliegenden Fall laft sichk mit hoher Wahrscheinlich-
keit folgender pathogenetischer Zusammenhang vermuten:
In Analogic zur zunehmenden Hiufung des primiren
Leberkarzinoms bei Leberzirrhosen und der hohen Inzi-
denzeate durch Aflaroxin {fast 70% 1), wo der pestonen
Biotransformanon der kranken Leber die fehlemde Mera-
bolisierung kanzerogener Stoffc zugeschrichen wird, dic
dann als Mutatonskarzinogene unabgebaut hegenbleiben
und zur Entwicklung des Hepatoms fithren, konnte im
vorliegenden Fall an sich schon dic Pradisposition zur
pramaturcn Sklerose und Atheromatose vorgelepen haben,
Dic Atherogenitit und die Progrediens der pramaruren
Gefiafisklerose konnre durch Schwefelkohlenstoffexposi-
tton durchaus gefordert worden sein. Moglicherwaerse he-
gen anch immunphanomenalogische Faktoren ciner Art
Burger-Wintwarter-Syndrom zugrunde. Auf dicsem michs
oder minder ubiquitar gefalsklerorischen Schaden wiirde
eine - unter Umstanden auch kurze und istermitnierende -
Exposition mit Polyvinvichlorid ausreichen, um  diese
toxische und kanzerogene Substanz i die Gefakwand
unabgebaut cinzulagern, da cine Metabolisicrung wnfolpe
des gestorren Biotransformanonsvermogens  zunindest
viclerores unmbglich 1st. Damit wire ¢in Kreslaonf ge-
schlossen, der eiaen pathogenctischen Mechamsmus kenns
zechner, in welchem der nmwdetakconcllen Genese der
Entstehung von Angiosarkomen Rechnung getragen wird,
wobei dem Polvvinyvichiorid als kanzerogene Substang
aber lerztlich dic Schliisselstelhung der veoplastischen En-
stehung zukommt,
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